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FOREWOQORD

This report presents the results of a comprehensive study to measure the laboratory and field
performance of commercial vehicle detectors under different traffic conditions on freeways and
surface-street arterial sites. The detectors were installed in three states having diverse climates
ranging from cold winter and snow in Minneapolis, Minnesota; humidity, rain, lightning, and heat
in Orlando, Florida; warm, dry weather in Phoenix and Tucson, Arizona; and hot summer
temperatures with thunderstorms in Phoenix. TVHS traffic parameter specification were
developed for interconnected intersection control, isolated intersection control, freeway incident
detection, traffic data collection, real time adaptive control and vehicle-roadway communications.
This report assesses the best performing detector technologies by application.

Sufficient copies of the report are being distributed to provide a minimum of two copies to each
FHWA regional and division office, and five copies to each State highway agency. Direct

distribution 1s being made to division offices.

: CA)rg stensen, Director
Oftice of Safety and Traffic Operations
Research and Development

NOTICE

This document 1s disseminated under the sponsorship of the Department of Transportation in the
mterest of information exchange. The United States Government assumes no liability for its
contents or use thereof. This report does not constitute a standard, specification, or regulation.

The United States Government does not endorse products or manufacturers. Trade and
manufacturers' names appear in this report only because they are considered essential to the object
of the document.
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PREFACE

The Detection Technology for IVHS project, under Federal Highway Administration Contract
DTFH61-31-C-00076, began in September 1991 and continued through April 1895. In the first
part of the project, parameters used in characterizing traffic flow for conventional traffic control
systems and for newer Intelligent Vehicle-Highway Systems (IVHS) applications were identified.
IVHS applications may place higher accuracy requirements on traffic parameters measured by
detectors and may also require the acquisition of traffic data not normally output by the more
conventional detectors. The traffic parameter data accuracies developed for IVHS applications are
based on available operational test data, traffic control algorithms, and performance prediction
analyses. Even though an extensive effort was made to acquire traffic data accuracy requirements,
there was not a great deal of this information available. We expect that the accuracies given in this
report will be updated as new control algorithms and information continue to be developed.

Detector manufacturers were contacted to determine if they would make their devices available to
the program. A cross section of detectors that represented different technologies were obtained,
including inductive loop with conventional and high sampling rate detector amplifiers,
magnetometers with relatively small delection zones, magnetometer arrays with large mullilane
delection zones, microwave radar, laser radar, ultrasound, acoustic microphone arrays, passive
infrared, imaging infrared, and video image processing.

In the next part of the project, laboratory test plans were developed and tests were conducted for
detectors that would eventually be exposed to diverse environmental and traffic conditions during
the field tests. The laboratory tests demonstrated the operation and capabilities of the detectors and
their limitations. These tests were performed at Hughes Aircraft Company facilities in Fullerton,
CA and by the City of Los Angeles Department of Transportation on Exposition Boulevard in Los
Angeles.

Once the laboratory tests were completed, the detectors were installed in three states having
diverse climates that ranged from cold winter and snow in Minneapolis; humidity, rain, lightning,
and heat in Orlando; warm, dry weather in Phoenix and Tucson; and hot summer temperatures with
thunderstorms in Phoenix. A freeway and a surface-street arteria! site were used sequentially in
each state. The tests were conducted according to a test plan that described the mounting of the
detectors, their power requirements, test patterns, data acquisition and reduction, ground truth
procedures, and security at the test sites.

The recorded data were processed using application-specific software designed for each detector.
This resulted in a database being created that contained the normal outputs from the detector when a
vehicle passed through its field of view, the time of the event, videotape index number, and air
temperature and wind speed and direction. By using the video index number, a specific event can be
accessed and reviewed on a computer-controlled video recorder.

The feasibility of establishing a national delector evaluation facility was also studied. Letters were
sent to the detector manufacturers and several universities soliciting their inputs and thoughts
about such a center.



SI* (MODERN METRIC) CONVERSION FACTORS
APPROXIMATE CONVERSIONS TO SI UNITS

APPROXIMATE CONVERSIONS FROM SI UNITS

Symbol When You Know Multiply By To Find

When You Know Multiply By To Find Symbol

LENGTH

inches 254 millimeters
faet 0.305 meters
yards 0914 meters
miles 1.81 kilometars

AREA

in® square inches 645.2 square millimoters

ft2 square leet 0.093 square meters
yd square yards 0.836 square meters
ac acres 0.405 hectaras

mi? square miles 2.59 square kilometers

VOLUME

floz fluid ounces 29.57 milliliters

gal gallons 3.785 liters

fts cubic feet 0.028 cubic meters
yd cubic yards 0.765 cubic melers

NOTE: Volumes greater than 1000 | shall be shown in m?.
MASS

ourices 28.35 grams
pounds 0.454 kilograms
short tons {2000 Ib)  0.907 megagrams

{or "metric ton”)

TEMPERATURE (exact)

Fahrenheil 5(F-32)/9 Colcius
temperature or (F-32)/1.8 temperatura

ILLUMINATION

foot-candles 10.76 fux
foot-Lamberts 3.426 candela/m?

FORCE and PRESSURE or STRESS

poundforce 4.45 newtons
poundforee per 6.89 kilopascals
squarg inch

* 8l is the symbol for the International System of Units. Appropriate
rounding should be made to comply with Section 4 of ASTM E280.

LENGTH

millimeters 0.039 inches
meters i2s8 feet
meters 1.09 yards
kilomasters 0.621 miles

AREA

square millimeters 0.0016 square inches
square meters 10.764 square leet
square maters 1.195 square yards
hectares 2.47 actes

square kilometers 0.386 square miles

VOLUME

miHliliters 0.034 fivid ounces
liters 0.264 gallons
cubic melars 3571 cubic leet
cubic meters 1.307 cubic yards

MASS

grams 0.035 ounces

kilograms 2.202 pounds

megagrams 1.103 short tons (2000 1b) T
{or "metlric ton")

TEMPERATURE (exact)

Celcius 1.8C + 32 Fahranheit
temperature temperature

ILLUMINATION

lux 0.0929 foot-candies
candela/m? 0.2919 fool-Lamberts

FORCE and PRESSURE or STRESS

newtons 0.225 poundlorce
kilopascals 0.145 poundlorce por
square inch

{Revised Septembar 1993)
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Scope of the Program

1. SCOPE OF THE PROGRAM

1.1 INTRODUCTION

Maximizing the efficiency and capacity of the
existing transportation network is made
necessary by the continued increase in traffic
volume and the limited construction of new
highway facilities in urban, intercity, and
rural areas. Smart street systems that
contain traffic monitoring detectors, real-
time adaptive signal control systems, and
motorist communications media are being
combined with freeway and highway
surveillance and control systems to create
smart corridors that increase the
effectiveness of the ground transportation
network. The infrastructure improvements
and new technologies are, in turn, being
married fo smart cars to form Intelligent
Vehicle-Highway Systems (IVHS). Since the
inception of this contract, Intelligent
Transportation Systems (ITS) has replaced
IVHS to represent the marriage of smart
vehicles with smart infrastructure systems.
As IVHS is included in the contract title, it is
retained in this report.

Vehicle detectors are an integral part of
nearly every modern traffic control system.
Moreover, detectors and communications
media will be major elements in future

traffic monitoring systems. The types of
traffic flow data, their reliability,
consistency, accuracy, and precision and
detector response time are some of the

critical parameters to be evaluated when
choosing a vehicle detector. These attributes
become even more important as the number of
detectors proliferate and the real-time
control aspects of IVHS put a premium on both
the quantity and quality of traffic flow data
used in traffic surveillance and contro!
algorithms.

Current vehicle detection is based predomi-
nantly on inductive loop detectors installed in
the roadway subsurface. When properly
installed and maintained, they can provide
real-time data and a historical database
against which to compare and evaluate more
advanced detector systems. Alternative
detector technologies being developed provide

direct measurement of a wider variety of
traffic parameters, such as density, travel
time, vehicle path, volume, and speed. These
advanced detectors provide more accurate
data; parameters that are not directly
measured with previous instruments; inputs
to area-wide surveillance and control of
signalized intersections and freeways; and
support of motorist information services.
Furthermore, many of the advanced detector
systems can be installed and maintained
without disrupting traffic flow.

1.2 PURPOSE OF THE PROJECT

The objectives of the Federal Highway
Administration (FHWA)-sponsored Detection
Technology for IVHS project are to:

+ Determine the traffic parameters and their
corresponding accuracy specifications
needed for future IVHS applications;

+ Perform laboratory and field tests with
detectors that apply technologies
compatible with gbove-the-road, surface,

and subsurface mounting to determine the

ability of state-of-the-art detectors io
measure traffic parameters with acceptable
accuracy, precision, and repeatability;

« Determine the need and feasibility of
establishing permanent vehicle detector
test facilities.

In performing the technolegy evaluations and
in analyzing the data, focus was placed on the
underlying technology upon which the
detectors were based. It was not the purpose
of the program to determine which specific
detectors met a set of requirements, but
rather whether the sensing technology they
used had merit in measuring and reporting
traffic data to the accuracy needed for present
and future applications. Obviously, there can
be many implementations of a technology,
some of which may be better exploited than
others at any time. Thus, a technology may
show promise for future applications, but the
state-of-the-art of current hardware or
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software may be hampering its present
deployment.

The project consisted of 12 major tasks:
Task A. Develop a working paper that
defines IVHS traffic parameter specifica-
tions for the following application areas:

+ Interconnected Intersection Control,

Isolated Intersection Control,

« Freeway Incident Detection,

« Traffic Data Collection,

* Real-Time Traffic Adaptive Control,

» Vehicle-Roadway Communications.

Task B. Select sites for detector field
tests. Test sites in three different regions
of the country will be selected lo provide a
range of environmental and traffic
conditions broad enough to ensure the
utility of the test results on a nationwide
basis.

Task C. Develop vehicle detector labora-

tory test specifications and a laboratory
test plan.

Task D. Select and obtain vehicle
detectors for testing.

Task E. Conduct laboratory detector tests
and generate a report describing the
results.

Task F. Develop vehicle detector field
test specifications and field test plan.

Task G. Install vehicle detectors at field
test sites and collect detection technology
evaluation data.

Task H. Generate detection technology
field test results.

Task 1. Determine which of the
currently available vehicle detectors meet
the IVHS criteria of Task A.

Task J. Determine the need and
feasibility of establishing permanent
vehicle detector test facilities.

1.

Task K. Prepare a draft final report.

Task L. Prepare the final report that
incorporates comments received from
FHWA and others.

1.3 ORGANIZATION OF THE FINAL
REPORT

The final report documents the planning and
the conclusions of the Detection Technology
for IVHS program that ran from September
1991 through January 1985,

Section 1 contains an introduction to the
project that outlines the various tasks that
were included in the program and the contents
of the final report.

Section 2 summarizes Task A by including
descriptions of traffic parameters needed to
characterize free flow and interrupted flow on
freeways and surface streets. The accuracies
of the parameters for several future IVHS
applications are summarized in tables at the
end of the section. The accuracies represent
those needed for input data 1o as yet undefined
future algorithms and paradigms that support
the selected applications. As such, they are
subject to revision as the specific algorithms,
strategies, and applications become better
known.

Section 3 describes the field test and
evaluation site locations that were visited.
The information for this section is taken from
the Task B Report.

Section 4 discusses the detector selection
process using information in the Task D
Report. On-bench photographs of each
detector and manufacturer's specifications are
given.

Section 5 describes the theory of operation of
the detector technologies and the types of
information typically available from each.
These technologies include those for above-
the-road mounted detectors, namely video
image processing, microwave, active
(transmit and receive) and passive {receive
only) infrared, imaging infrared, passive
acoustic arrays, and ultrasound, as well as
those for conventional and newer applications
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of beneath-the-surface inductive loop,
magnetic, and magnetometer detectors.
Communications technologies, such as those
used for automatic vehicle identification, are
also discussed.

Section 6 reviews the Task C report by
explaining the need for iaboratory tests
before venturing out for field tests and by
describing the types of laboratory tests
conducted.

Section 7 summarizes the results from the
laboratory tests that were originally
published in the Task E reports. These tests
were conducted in the City of Los Angeies and
at the Hughes Aircraft Company facility in
Fullerton, CA.

Section 8 contains a summary of the Task F
field test plan and procedures. Detector
ingtallation requirements are listed. The data
logger hardware and software that played a
major role in the data acquisition are
discussed in this section and in Appendix C.

Section 9 describes the detector technology
data collection and evaluation processes.
Photographs and line drawings of the field
sites with the installed detectors and the
detector locations are shown. The data
analysis process of converting the raw data
files into Paradox database format is
explained as are the ground truth procedures.
Tabulations of the amount of data collected at
each site are given.

Section 10 describes how to access the data
storage media, presents the analyzed detector
output data from several runs at each test
site, and interprets the results. Not all the
collected data have been analyzed as a part of
this phase of the project. However,
representative data have been plotted to show
the types of results and analyses that can be
performed on the extensive data set.

Section 11 compares the detector
specifications for future IVHS applications
developed in Section 2 with the performance
of the presently available detectors. The
accuracies of the detectors that were evaluated
and their application to current traffic
management areas are summarized. Where
possible, recommendations are made as to how

to improve the detector design to bridge the

gap between the data and accuracy of present
detectors and those needed for some specific

IVHS applications.

Section 12 gives the general conclusions from
the program and makes recommendations for
future research.

Appendix A documents the results of Task J,
determining the need and feasibility of
establishing one or more permanent vehicle
detector test facilities.

Appendix B lists the detector manufacturers
and contact personnel that provided detectors
and information during the evaluation
program.

Appendix C describes the data logger hardware
and software design and the formats used to
record the analog, digital, and serial
information output by the detectors in the
technology evaluation study.

Appendix D illustrates the concepts involved
in designing a continuous wave microwave
radar to detect multiple vehicles in a given
lane on a roadway.

Appendix E contains the pipe tree installation
and intersection plan-view drawings used at
the Minneapolis field sites.

Appendix F gives the azimuth and elevation
ground footprints of the detectors as a
function of mounting height, azimuth and
elevation aperiure beamwidth, and angle of
incidence (with respect to nadir).

Appendix G contains the specifications for the
inductive loops installed by the states that
hosted the field tests.

Appendix H documents the connections made
during the field tests from the detectors to the
data logger and power supplies.

Appendix | contains pipe tree installation and
selected construction plans for the State Route
(SR 438) overpass at Interstate 4 (1-4) that
describe the design of the truss for the sign
bridge and the design of the SR 436 span over
I-4.
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Appendix J contains climatological data from
the Minneapolis, Orlando-Altamonte Springs,
Phoenix, and Tucson field sites as tabulated by
the National Oceanic and Atmospheric
Administration through the National Climatic
Data Center in Asheville, North Carolina.
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Appendix K contains listings of the FORTRAN
programs that were written to analyze the
detector output data.
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2. TASK A SUMMARY

DEVELOPMENT OF IVHS TRAFFIC PARAMETER SPECIFICATIONS

A working paper was developed in Task A to
define traffic parameter specifications for
IVHS applications that include:

* |nterconnected intersection control,

» Isolated intersection control,

¢ Freeway incident detection,

¢ Traffic data collection,

® Real-time traffic adaptive control, and

¢ Vehicle-to-roadway communications.
Traffic parameters of value in these
applications are described in this section.
Projected accuracies for the measurement of
the traffic parameters in support of future
IVHS applications such as signalized inter-

section control, freeway incident detection,
and freeway metering are then presented.

2.1 TRAFFIC FLOW PARAMETERS

Vehicle flow, speed, and density parameters

are fundamental to the management of highway

traffic. Over a given section of open roadway,
such as a freeway, they are related through
equation 2-1 and their values are usually
expressed on a per lane basis. Hence,

Flow (vph) = Speed (mi/h) x Density (vpm)
(2-1)

where
vph = vehicles per hour per lane,
mi/h= miles per hour, and
vpm = vehicles per mile per lane.
Flow or volume flow rate is the time rate of
flow in vehicles per hour used to characterize
traffic volume. A transition in terminology is
occurring as "flow" or "flow rate” has taken

the place of "volume."0) Because of the mix
of old and new terminology, there is some

inconsistency in the use of "volume" and "flow

rate” in the literature.

This can be seen in the capacity curves of
Figure 2-1 that illustrate the relation

between speed and flow on the open roadway.
Capacity is expressed as "volume/lane” in
units of flow rate (passenger cars per hour),
The term "flow" is also used to describe the
general condition of traffic on the roadway,
such as "free-flow" or "congested flow."(2)

The volume flow rate data by themselves are
not sufficient to define how well traffic is
moving. For example, if counts show a flow
rate of 1200 vehicles per hour, it is not
known whether traffic is moving briskly at
55 mi/h (88.5 km/h) or is congested and
creeping along at 10 mi/h (16.1 km/h).

On the other hand, by measuring density and
knowing the speed-flow characteristic for a
given highway type, speed-density and flow-
density curves can be estimated as shown in
Figures 2-2 and 2-3, respectively. When
density is a performance indicator, as shown
by the shape of the curve in Figure 2-2,
there is no longer any ambiguity with respect
to speed. If density is measured at 20
vehicles per mile per lane (32 v/km/lane),
then speed is 55 mi/h (88.5 km/h). If
density is 120 vehicles per mile per lane
(192 v/km/lane), then speed is 10 mi/h
(16.1 km/h). Likewise, Figure 2-3 shows
that a flow rate of approximately 1200
vehicles per hour per lane {1920 v/h/lane)
corresponds to these same density
measurements of 20 and 120 vehicles per
mile per lane, respectively.

2.2 TRAFFIC PARAMETERS FOR
INTERRUPTED FLOW

Flow, speed, and density are used to charac-
terize traffic flows on freeways and other
open sections of roadway not affected by
control devices such as traffic signals, stop
signs, and ramp metering. When interrupted
flow conditions are encountered, such as at
signalized intersections, other traffic flow
characteristics appear and additional
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measures of flow are needed. Flow, speed, and
density are still required by current and

future IVHS applications for efficient
management of interrupted flow, but to these
are added measures such as delay, stops, and
turning movements.

Some of the parameters are directly
measurable in real time, while others are
mathematically derived or estimated from the
measurable parameters. Still others must be
estimated from collected historical data. A
generic discussion of commonly used traffic
parameters considered relevant to IVHS is
presented below, although specific
parameters and accuracies will be a function
of the IVHS application and the detector
technology deployed.

2.3 TRAFFIC PARAMETER DEFINITIONS

Parameters that characterize traffic flow can
be classified in terms of one of the following:

» Quantity Measures: How much or at what
rate is tratfic moving or waiting toc move?;

»  Quality Assessment Measures: How well is
traffic moving?;

=  Movement Measures: Where is traffic
coming from and going to?; and

+ Composition/Classification Measures:
What kind of traffic is moving?

Parameters which fall into each of the above
categories are discussed below.

2.3.1 Quantity Measures

Traffic quantity measures include volume,
demand, time headways, and throughput.

2.3.1.1 Volume

Volume data are generally expressed in terms
of flow rate. Flow rate is a temporal quantity
measure defined as the number of vehicles
passing a point in a given period of time,
usually 1 hour. Flow rate qis the inverse of
the average of the time headways measured
over the same period such that

2-5

3600
q === (2-2)

where

g = hourly flow rate (vehicles per
hour),

h = average time headway (seconds per

vehicle), and

3600 = number of seconds per hour.

Flow rates, both measured and forecasted,
have many applications in traffic engineering,
including developing traffic trends, analyzing
accident data, determining sites for traffic -
signals, estimating future toll revenues,
developing design requirements for new or
reconstructed highways, and investigating
operational improvements using capacity
analysis.

On most facilities, traffic flow rates vary
throughout the day and by direction. Figure
2-4 depicts these variations on the San
Francisco-Oakland Bay Bridge, a 10-lane
urban highway without shoulders. In
addition, highways exhibit monthly variations
in traffic flow rates that are dependent on the
highway type and location. These variations
are a function of urban versus rural facilities
and recreational versus nonrecreational
facilities, for example.

Traffic flow measurements can have different
interpretations depending upon the conditions
upstream and downstream of the measurement
site, as well as at the detector locations. For
example, if there is no congestion at the site
(or upstream of it) to limit the arrival rate

of the vehicles being measured, then the flow
rate is equal to the existing demand. If, on the
other hand, queuing exists at the site, then the
measured flow rate reflects the downstream
bottleneck capacity.

2.3.1.2 Demand

Demand is "the amount of traffic volume {or
flow rate) that occurs on a facility under
some given set of travel conditions." When
not constrained by a highway's capacity, the
actual flow rate measured on the highway will
equal its demand. However, in cases where
highway demand exceeds capacity, some
queuing will occur and actual measured flow
rates will be less than the demand.
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Many IVHS applications make a distinction
between volume and demand values. For
optimal decision making, traffic control and
traffic advisory subsystems often need the
anticipated traffic demand for a given road at a
future time (not just its current volume).

For example, when advising motorists to use
an alternate route around a freeway incident,
an estimate of the expected demand for the
alternate route is needed.

Unfortunately, demand values are difficult to
obtain directly. If congestion is present

either upstream of the diversion point on the
freeway or on the alternate route, then
measured flow rates may understate potential
demand. Furthermore, the demand for a
particular alternate route will vary over

time and with the actual number of moterists
being diverted. To predict the consequences of
a routing decision, estimates for demand on
the alternate route segments are projected for
the future time when diverted motorists will
encounter these demands along their route.
Current and historic flow rate data and
diversion percentage estimates are key inputs
for such projections. In addition to projecting
future flow rates, on-line traffic assignment
techniques are used to estimate traffic demand
on alternate routes,

2.3.1.3 Time Headway

Time headway between vehicles is defined as:
"the elapsed time between the passage of an
identical observation point by consecutive
vehicles in the traffic stream." Time headway
measurement can be performed manually with
a stopwatch and automatically with any
presence-type detector or with video image
processors. Since the average of vehicle time
headways past a point over some time interval
is the reciprocal of the flow rate past that
point, time headways present microscopic
measures of flow past a point. Time headways
are also frequently used as a quantitative
measure of service or productivity at traffic
signals and toll collection stations, that is, as
a service headway expressed in terms of
average number of seconds per vehicle.

The space-time diagram of Figure 2-5 shows
the paths of several vehicles as they pass an
observation point and the two components that
make up time headway. The first component
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is the time it takes the vehicle to pass the
observation point, or occupancy time. The
second component is the time between the rear
of one vehicle and the leading edge of the next,

or gap time.

Highway capacity depends primarily on the
gap times that individual drivers are
comfortable with on the particular highway.
Opportunities for passing, merging, or
crossing are also determined by gaps provided
by the appropriate time headway
distributions. Two measures of the level of
service closely associated with time headways
are the percentage of time one vehicle is
forced to follow another on two-lane highways
and the frequency of speed adjustments that a
driver makes to maintain a minimum

headway.

2.3.1.4 Throughput

Throughput is defined as: "the vehicle-miles
of travel carried by a given length of roadway
for a given period of time." It is determined
by measuring flow rates for each section of
highway between points of entry or egress. [t
is often used to characterize the efficiency of a
highway facility and to evaluate the "before-
and-after" effects of operational improve-
ments. Appropriate comparisons are obtained
by calculating the throughput for each travel
direction and for comparable times of day.

2.3.2 Quality Assessment Measures

Quality measures determine how well traffic
is flowing on a given roadway. They include
speed, density, delay, and stops.

2.3.2.1 Speed

Speed is one of the three macroscopic traffic
flow measures, the others being volume and
occupancy. Speed expresses the rate at which
traffic is moving and, therefore, is a natural
measure of the quality of the flow. Three
types of speed measurements are described
below: spot speed, time mean speed, and space
mean speed.

Spot speed is defined as: "the speed of an
individual vehicle as it passes an observation
point of the traffic stream." As spot speeds
are instantaneous speeds of individual
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vehicles, they can be determined from the
slope of the vehicle traces on a space-time
diagram such as Figure 2-5. Speed can be
measured in several practical ways. First,

using a speed trap station, a pair of detectors
is placed on a length of roadway. Speed is
calculated from the time it takes vehicles to
transverse the distance between the start of
the detection zones of the two detectors.
Measurement accuracy depends on the distance

between the detectors, the average speed of the

traffic, and the detector sampling rate.
Detectors used for this application include
pneumatic tubes, piezoelectric strips,
inductive loops, infrared, video image
processors, and any other type of presence
detector.

A second method for measuring spot speed is
with a single-loop detector and an assumed
average vehicle length. This approximate
technique is employed by the Urban Traffic
Control System (UTCS) to compute average
speed S as

_0.6818 VC(LL+VL)

S 0 (2-3)
where
S = speed in mi/h,
0.6818 = constant to convert from

ft/s to mi/h,

VC = vehicle count during the time
period,

LL = loop length in ft,

VL = vehicle length in ft, and

O = seconds of loop occupancy

during the time period.

With current Inductive Loop Detector (ILD)
technology, speed estimates from a single loop
vary from the true value by as much as 30
percent. To obtain even these relatively crude
measurements, volume, vehicle length, and
occupancy must be known to within an error
rate no greater than £10 percent. Of these,
vehicle length is the most difficult to estimate
accurately due to variations in the real-time
vehicle mix. Its value is typically based on
historical data.
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Other techniques for spot speed measure-
ment exist. Imagery from video cameras
measures spot speeds based on vehicle move-
ment across a calibrated distance in the field
of view. Radar technologies, such as laser
radar that transmits multiple beams and
microwave radar that divides its field of view
into multiple zones, determine spot speed by
measuring the time it takes a vehicle to move
between the beams or zones. Detector
technologies such as ultrasound and Doppler
microwave exploit the Doppler shift in the
received signal to measure spot speed.

Time mean speed is defined as: "the arithmetic
mean of individual spot speeds that are
recorded for vehicles passing an observation
point over a selected time period." An
adequately sized sample of spot speeds is
needed to ensure that the time mean speed
approximates the population mean to within
the desired accuracy.

Space mean speed is defined as: "the harmonic
mean of individual speeds which are recorded
for vehicles passing an observation point over
a selected time period.” The harmonic mean is
calculated by converting the individual spot
speeds to individual travel time rates, then
calculating the average travel time rate, and
finally inverting the average travel time rate

to obtain an average speed.

The relationship between time mean speed and
space mean speed is given by

Time Mean Speed = Space Mean Speed +

Variance of Space Mean Speed

Space Mean Speed (2-4)
Space mean speed can also be calculated from
sample travel times gathered over a known
length of highway and computing the inverse
of an average travel time rate (in units of
time divided by units of distance). Travel
times can be obtained by matching license
plates or some other distinctive vehicle
feature, using image processing for example,
or with floating cars used as probes. In the
future, vehicles equipped with automatic
vehicle identification {(AVI) transponders will
be another source of these data.
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2.3.2.2 Density Characteristics

Density, or the density rate, is a spatial
measure that describes the quantity of
vehicles occupying a section of roadway. The
1985 Highway Capacity Manual bases its
freeway level-of-service descriptions on
density rather than speed because, as
previously noted, there is a wide range of flow
rates where speed is relatively constant.(2)
Moreover, the freedom to maneuver and the
proximity to other vehicles are equally
important factors that are directly related to
density. Common density-related measures
include density rate, occupancy, and distance
headway.

Density is defined as: "the number of vehicles
occupying a given amount of roadway space
(generally a lane-mile)." While density is a
fundamental measure of traffic flow, its use

in freeway traffic assessment and control has
been limited due to the difficulty in obtaining
and analyzing the required data. Until
recently, the only way to directly measure
density rates was through photographs taken
from a high vantage point (usually aerial
photography). The vehicles in a given section
of roadway were then manually counted from
the photograph image. Density can also be
estimated from speed and flow measurements
or from percent occupancy measurements.
With the development of imaging techniques,
density data may be obtained automatically for
real-time application to IVHS.

Occupancy is defined as: "the percent of time
the detection zone of a detector is occupied by
some vehicle." Occupancy and density are
spatial parameters and their values are

related. Both occupancy and density depend on
the length of the vehicles in the traffic stream
and the spacing between the vehicles.

Distance headway between vehicles is defined
as: "the distance between identical points on
consecutive vehicles in single file." Distance
headways can be thought of as a microscopic
view of density. The space-time diagram of
Figure 2-6 shows the distance headway
components and the location of the vehicles on
the highway. As with time headways, distance
headways have two parts: the actual length of
the vehicle and the gap distance between
vehicles. Distance headways and their
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statistical distributions are used for
developing car-following models and for
investigating the stability of traffic flow.

2.3.2.3 Delay Measures

Delay measures are used for freeways and
signalized intersections to evaluate the
benefits of operational improvements and to
estimate cost-effectiveness.

Freeway delay occurs when travel speeds are
less than some arbitrary "free-flow"
threshold, usually 35 or 45 mi/h (56.3 or
72.4 km/h), The delay is measured in terms
of flow rate and travel time in excess of the
free-flow value. Delay is expressed in
vehicle-hours (or person-hours}).

Speed and travel time data were historically
recorded on "tachograph" charts by equipment
installed in fioating car vehicles and were
reduced manually. Newer methods record and
store the data in electronic form, allowing
them to be downloaded into a personal
computer for easier analysis. For example, a
surveillance system containing speed and
traffic flow detectors spaced at 1/3-mi
(1800-ft [548.6-m]) increments or less,
depending on the desired accuracy of the delay
estimate, can be used to construct speed
profiles. With computer assistance, vehicle
hours of delay can be calculated from the
profiles without deploying floating vehicles.
The automatic data collection approach also
makes it easier to gather data samples at more
frequent time intervals during a day or on
more days during a week.

Intersection delay can be characterized by
stopped delay, time in queue delay, and
approach delay. Figure 2-7 depicts the time-
space trace of a vehicle that comes to a stop
several times on the same signalized
intersection approach. This trace might occur
at a congested location during peak volumes
when a gueue of stopped vehicles is not
completely discharged during one green phase.
It also represents a situation where there is
considerable compression of the queue during
a red phase, or where a lane is carrying both
through and left-turn movements, or stop-
and-go conditions exist.
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Figure 2-7. Time-Space Relationship for Vehicle with Multiple Stops
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® Stopped Delay: The sum of the stopped

times, shown in Figure 2-7, equals the
total stopped delay. Stopped delay, an
obvious measure of traffic to the
motorist, is also important when
evaluating environmental impacts such
as vehicle emissions. Comparisons of
stopped delay between intersections may
be misleading when one intersection is
operating under conditions where the
time of stop is short, but low speed
movement in a long sluggish queue
follows the stop. An associated
parameter, percent of vehicles stopping,
while not strictly a delay measure, is a
useful statistic, particularly in

evaluating both fuel consumption and
emissions. It is defined as the number of
vehicles that stop at least once, divided
by the total number of vehicles using the
approach, and is expressed as a percent.

Time in Queue Delay: The time in queue
is the sum of stopped time, motion time,
and exit time as shown in Figure 2-7. It
is equivalent to the total approach time
minhus the joining time. The time in
queue delay is set equal to the time in
gueue, even though some progress is
being made through the intersection
during this time.

Time in queue delay often falls between
stopped delay and approach delay. Time
in queue delay can also be greater than
approach delay because approach delay
is equal to the difference between the
actual time on the approach and the
free-flow time of an unimpeded vehicle
over the same distance.

Approach Delay: The approach time is
the total time required to traverse the
approach section under study. The
approach delay is equal to the approach
time less the time required for an
unimpeded vehicle to travel through the
same section under free-flow conditions.
Approach delay can be used directly in
the analysis of road-user time costs.
This measure also compares the
efficiency of intersections having
different modes of control, such as stop
or yield signs and pretimed or
vehicle-actuated traffic signals.
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Delay data collection techniques have been
primarily manual. However, the advent of
area-wide traffic control and system-
collected detector and signal status data have
increased the information available for
estimating delay at signalized intersections.
Data collection techniques inciude point
sample, input-output, and path trace.

The point sample method periodically samples
the intersection approach to record the
number of stopped vehicles at equally spaced
time intervals. It determines the average
number of stopped vehicles, calculates the
total stopped time by multiplying the average
number of stopped vehicles by the duration of
the sample interval, and then calculates the
average stopped delay by dividing the total
stopped time by the number of vehicles
passing the study section. It is analogous to
taking a series of snapshots at regular
intervals.

The input-output method samples data during
intervals, rather than between intervals. It
addresses the flow rates at the upstream and
downstream boundaries of the approach area.
The SCOQT adaptive traffic control system and
the UTCS-enhanced area-wide traffic control
system use the input-output technigue.

The vehicle path trace method is essentially
the same as the two other data collection
techniques. Sample data are obtained by
either running test vehicles through the
appreach area, measuring the various passage
times of selected sample vehicles, or
obtaining trace data from detector imaging
techniques.

2.3.2.4 Intersection Stops

Intersection stops characterize the quality of
traffic flow at signalized intersections. Stops
are normally expressed as total stops or
percent stops. Total stops are defined as the
number of stops made by vehicles approaching
an intersection. Percent stops is the percent
of approaching vehicles making at least one
stop. Both measures can be collected
manually, although some traffic signal control
systems estimate them using real-time flow
data in combination with signal display status.
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2.3.3 Movement Measures

Movement measures are based on data that
describe the movement of vehicles in terms of
the path they follow. The travel path may
comprise an entire trip, as when origin-
destination data are collected, or it may occur
within a small area, as when intersection
turning movements are studied.

2.3.3.1 Origin-Destination Data

Origin-destination (O-D} data help to specify
traffic flow volumes between established
geographic zones or points of origin and’
destination. Hence the data are useful in
evaluating traffic operations strategies and in
making control decisions. In the past, the data
have been difficult to obtain as expensive
manual methods were needed to gather
information from license plate surveys or
traveler interviews. In the future, two-way
communications between the vehicle and the
operations center, such as with automatic
vehicle location technology, may allow 0-D
data to be collected and acted upon in real
time. In-vehicle navigation equipment may
also be useful for some of the latter
applications.

2.3.3.2 Turning Movements

Turning movement data define the volume or
percent of traffic turning left, right, or
traveling straight through an intersection
approach. Today, most turning movements
are collected manually using either a counter
board or a notebook computer, Left and right
turn and through movements at each
intersection are typically counted separately
for each approach and for each signal phase on
that approach.

Detector imaging techniques are being
developed to permit automatic recording of
intersection turning movements. This will

allow data to be collected over many more days
than is presently feasible, and may result in
more accurate data than with the manual
method. Potentially, the resulting real-time
data can significantly enhance the value of on-
line control algorithms.
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2.3.4 Composition and Classification
Measures

Many traffic management strategies, includ-
ing those for IVHS, require the identification
of individual vehicles and their length,

weight, or cargo specifications as an input to a
vehicle classification process. These strate-
gies include assessing fares for automatic toll
collection, as well as law enforcement actions
related to stolen vehicles, high-occupancy
vehicle (HOV) violations, and peak period
travel restrictions in central business
districts. They are also used to improve
commercial vehicle operations through
automatic identification, weigh-in-motion,
and hazardous material tracking.

Because of requirements to provide a broad
spectrum of vehicle data, classification data
can best be obtained through automatic vehicle
identification and vehicle-to-roadside com-
munications. However, until these technolo-
gies are more universally deployed, other
means of vehicle detection and data gathering
will continue to be used. Three types of
vehicle classification categories are currently
employed: function, configuration, and weight.

2.3.4.1 Functional Classification Data

Vehicles are frequently classified according to
their function, such as passenger cars, vans,
trucks, and buses. Some inductive loops,
coupled with specially adapted digital
detectors, can distinguish among these various
types of vehicles from the unique signatures
they produce while passing over the detector.
Traffic signal systems with a bus priority
feature have demonstrated this application.

The number of passengers per vehicle is
another type of vehicle function data that may
be required for HOV planning, lane enforce-
ment, and transit operations. Loop detectors
cannot provide this information, but it is
conceivable that a future type of in-vehicle
sensor-transmitter combination could sense
the number of seats occupied and transmit the
data via vehicle-to-road communications.

The persons-per-vehicle count can be
transmitted from the vehicle to a roadside
communications device and, hence, to the
operations center. Another approach to
obtaining the number of passengers per
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vehicle may be with video image processing
technology. By properly situating cameras,
the number of passengers could be
conceivably ascertained, while
simultaneously observing privacy
considerations that may be demanded by the
public.

2.3.4.2 Configurational Classification

Tolls are often assessed based on the
configuration of the vehicles passing through
the toll plaza. Historically, separate
schedules are developed for passenger
vehicles and trucks, and these are further
classified according to the number of axles.
Overheight, overwidth, and overweight
vehicles also need to be identified for safety
and structural reasons. By tradition, these
data are collected at truck inspection stations
for commercial vehicles. With automatic
vehicle identification tags, automatic
classification and billing is technically
feasible, especially for commercial vehicles.
Because of the monetary aspects of toll
collection, vehicle classification accuracy
requirements can be greater for these than
for other |[VHS applications.

Improved commercial vehicle operations
(CVO) are also obtained by expediting vehicle
identification, for example, by using optical
detectors to measure vehicles and weigh-in-
motion equipment to speed trucks through
weigh stations. Advantage I-75 and Crescent
are two projects evaluating methods for
improving CVQ. The technologies demonstra-
ted include vehicle-to-roadside communica-
tions to minimize the number of inspections
requiring stops and the amount of paper work
for trucks traveling between regions covered
by the system.

Advantage I-75 uses a decentralized manage-
ment approach and automatic vehicle
identification to allow mainline preclearance
of commercial vehicles. The Crescent Project
is the demonstration phase of HELP (Heavy
Vehicle Electronic License Plate), a

long-term program to develop and use
automatic vehicle classification, weigh-in-
motion, onboard computers, and beacon
technologies. Crescent uses a centralized
system to electronically verify operating
credentials and to monitor vehicle weights.

2.3.4.3 Weight Classification Data

The primary uses of vehicle weight
information are to ensure the safety of
roadway structures such as bridges and
viaducts and to ensure that heavy, overweight
trucks do not break down the pavement. These
enforcement functions have traditionally
required that data be obtained at truck
inspection stations operated by highway
police. Since enhanced commercial vehicle
operations is a goal of IVHS, weigh-in-motion
sensors are being deployed in these programs.

The same weight data required for
enforcement are also valuable in updating
planning and design information related to
bridge live-load specifications and in
establishing the required strength of highway
pavements.

2.4 TRAFFIC PARAMETER AND
ACCURACY SPECIFICATIONS FOR
FUTURE IVHS APPLICATIONS

The traffic parameter accuracy specifications
shown in this section are believed to be
representative of requirements for selected
IVHS applications. However, no claim is made
as to their widespread applicability since
traffic parameter specifications will
necessarily vary with the particular traffic
management system architecture,
implementation strategies, selected
components and signal processing algorithms,
and system operational procedures.

The traffic parameter measurement accuracy
specifications for a given management
strategy must primarily take into account the
data processing and traffic control algorithms
for which these parameters serve as inputs.
Specification of traffic parameter accuracy,
therefore, cannot be separated from the
overall system-level analysis and design
process. For each contemplated IVHS service,
there are likely to be many different system
algorithms, procedures, and detection sub-
system design options. Evaluating alternative
implementations for a particular service is

the responsibility of system analysts and
designers. This discussion cannot serve as a
substitute for a thorough systems analysis and
design effort. Nonetheless, a suggested pro-
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cess for the development of traffic parameter
specifications, including data types, collection
interval, and accuracy, is proposed.

To structure the discussion and presentation
of detector performance specifications, three
general categories of traffic parameters are
defined based on their intended use and the
required timeliness of their input for the
real-time traffic management strategy. These
categories are tactical, strategic, and historic.
While the same raw inputs may often feed
each of the categories, each presents a
somewhat different set of detection
performance and sampling requirements. in
fact, these differences can result in a detector
technology or product being adequate for some
applications and not for others.

The traffic parameter input ranges and
accuracies identified are for some of the more
common IVHS services, including signalized
intersection control, freeway incident
management, and freeway metering control.
Traffic parameter range and accuracy
requirements are derived or inferred from

the values needed for use in a particular
algorithm (when it is known) and from
practical experience with operating systems.
Many of the historic and strategic category
parameters may also be applicable to a host of
other static and dynamic trip/route planning-
related IVHS services, However, for these and
other services where established strategies
and algorithms are less commonly applied, a
system-specific parameter requirements
analysis is suggested. Such analysis is beyond
the scope of this document.

Factors that may drive future IVHS traffic
parameter and algorithm specifications are
discussed at the end of the section. To a large
extent, current traffic management systems
are input constrained. That is, a complete
microscopic (vehicle-by-vehicle) view of

the traffic stream is not available in today’s
systems because of the lack of applicable
real-time input data, even though the
accelerating advances in computer processing
and distributed system designs make possible
advanced traffic optimization modeling and
control in near real time. In this case,

current systems rely heavily on prestored
turning movement and origin-destination
(O-D) data to supplement incomplete real-
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time data. In real-time control, the analysis
and response to external events are performed
and determined within specified time limits,
usually on the order of seconds or
milliseconds. In near real-time control, the
feedback response is calculated within longer
time intervals that are not small enough to
respond to the stimuli in real time, but are
sufficiently small to still have a positive

impact on the events caused by the stimuli.

Future applications will not likely require a
whole new set of traffic parameters. Rather,
advanced detector technologies will provide
greater area coverage with better vehicle
characterization (e.g., presence, speed,
classification, and turning movements),
increased reliability, and reduced costs.
Advanced control systems with vehicle
tracking capabilities are also being developed
and tested. These technology trends will be
key enabling factors in the widespread
deployment of control algorithms that may
include neural network and expert system
techniques. The net result will be an
increased emphasis on tactical type inputs and
on requirements for increased accuracy and
precision.

2.4.1 Detector Specification
Development

Figure 2-8 shows a formal process for
development of traffic detector specifications.
The first phase requires a detailed up-front
systems analysis to properly specify all the
subsystems that are part of the IVHS
architecture. Among these is the detection
subsystem highlighted by Figure 2-8. The
critical first step in defining traffic

parameter specifications, such as signal
processing algorithms, types of output data
(count, speed, occupancy, etc.), parameter
accuracies, sample interval, and spatial
resolution, is the identification of the overall
IVHS requirements, shown as inputs to the
systems analysis process. These are normally
based on a higher ievel evaluation of system
goals and objectives.(3)

To meet the requirements for a particular
traffic management application, a number of
subsystem architectures, algorithms, and
traffic parameters can be selected to function
either singularly, or in combination with one
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Figure 2-8. IVHS Detector Specification Process
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another. The alternatives must then be
analyzed and their performance compared
with the overall system goals and objectives.
The analysis of the alternatives not only
requires a knowledge of the basic system
requirements, but also a detailed under-
standing of the system's targeted operating
environment and the constraints imposed by
the available technologies that are a part of
the solution. Knowledge of key technical
specialty areas is needed so that they may be
applied effectively in the development and
implementation of traffic management
systems. These specialties include traffic
surveillance and control algorithm design,
traffic flow theory, statistics and sampling
theory, computer technology, communications
technotogy, and detector technology.

Once the systems analysis phase is complete,
the detection subsystem design phase can
begin. The major components of this phase
are location of the detector stations, selection
of detector technologies (there may be more
than one), definition of station configurations,
and definition of detector specifications.

2.4.2 Traffic Parameter Categories

The definition of traffic parameter specifica-
tions for IVHS takes into account three
categories of parameters: tactical, strategic,
and historic. Each suggests different usage of
the data by a traffic management application
that, in turn, generally dictates a different set
of parameter specifications, including data
collection time interval, range, and accuracy.

2.4.2.1 Tactical Input Parameters

Tactical parameters are those utilized in
tactical decision making. For this discussion,
tactical decisions are defined as'the expedient
decisions made by a control system in
response to real-time traffic parameter
inputs. Tactical decisions are typically based
on rote logic embedded in a predefined
algorithm. One example is the real-time
adjustment of a traffic adaptive controlled
signalized intersection in response to the
measured cyclic traffic flow profiles on each
approach. Another example is the decision to
declare a freeway “incident” condition in
response to a mainline lane parameter value
exceeding a prescribed threshold.
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Because tactical decisions are made in quick
response to changing real-time traffic varia-
bles, tactical parameters are generally
collected over short time intervals (usually
on the order of a few seconds). They may also
be event driven, as, for example, a vehicle
detected by a presence detector. Since tactical
parameters are collected on these shorter
intervals, fewer vehicles are included in each
sample. Variation from sample to sample
will be exhibited due to the random nature of
vehicle arrivals. The limited sample size will
usually impose increased accuracy and
precision on the measurement of tactical
parameters. For example, the measurement
of approach speed as an estimate of travel
time for vehicles approaching a signalized
intersection requires increased accuracy and
precision when traffic signal offset decisions
are being made, as compared to measuring
average approach speeds for strategic
background “plan-based” decision making.

2.4.2.2 Strategic Input Parameters

Strategic input parameters support
strategic-level decisions. These traffic
control and management decisions generally
operate at a higher level in the system
hierarchy than do tactical decisions. Strategic
decisions are typified by the activation of a
preplanned management strategy in response
to broad indicators of traffic flow conditions.

Strategic-level decisions are often broader in
geographic scope than tactical ones and often
change the mode of an entire system or a large
subsystem. Strategic decisions can be expert
system rule-based, as in the Los Angeles
Smart Corridor Management System, of
algorithm-based, as used in UTCS plan
selection. They frequently employ predefined
scenarios and operator confirmation and
approval processes.

Strategic traffic parameters are usually
collected over a period of minutes rather than
seconds; as a result, samples are larger. Most
currently deployed freeway management and
centralized traffic signal control systems use
running averages and other filtering tech-
niques to smooth out short-term variations in
the traffic stream data. Strategic traffic
parameters are often input to maintain on-
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on-line databases of current traffic conditions
used by the management systems.

One example of a strategic-level decision
process is the selection of an incident
management plan in response to a detected
incident on a surface street network. When an
incident is declared, the strategic decision
process might monitor overall network
conditions and implement an appropriate
control plan overriding or adjusting the
tactical-level decision-making process.

Under conditions of light to moderately heavy
congestion, adaptive traffic signal network
optimization methods, such as SCOOT and
SCATS that operate largely at the tactical-
level, provide excellent results.(4-10}
However, in cases of very heavy congestion,
such as those caused by an incident where
severe blocking of intersections results and
natural or controlled route diversion occurs,
these tactical-level procedures begin to break
down. Strategic-level decision logic is
successfully used to solve such problems.

2.4.2.3 Historic Input Parameters

Historic input parameters are those used to
maintain or update on-line historic traffic
databases. These data bases typically include
traffic data collected over periods of 5
minutes or greater and are archived by time
of day and day of week, or by time of day and
date. The primary purpose of these historic
databases is to provide information for off-
line planning and design operations. However,
historic data are also commonly used as inputs
to on-line tactical and strategic decision
processes. For example, most freeway
management systems maintain a file of
historic flow-rate data. This file is regularly
used on-line as input for predicting future
near-term traffic demands. In addition, some
UTCS applications use historic flow-rate data
as input to on-line detector failure

monitoring logic.

2.4.3 Matching Traffic Parameter
Needs to Selected IVHS Services

Individual traffic parameters and accuracies
required for a given application are specified
by the algorithms, strategies, and operating
procedures used to implement that
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application. A list of criteria which can help
select traffic parameters for use in a
particular IVHS application includes:

* Convenience of parameter
measurement;

* Amenability of resultant data to
real-time processing;

e Existence of significant differences
in parameter values within the
range of traffic conditions that must
be monitored.

Traffic parameters are identified below for
signalized intersection control, freeway
incident management, and freeway metering.
Parameter range, collection interval, and
accuracy specifications for these services are
given in Tables 2-1 through 2-3.
Unfortunately, the search of the available
literature uncovered little universally
applicable information regarding the required
accuracy of traffic parameters for these or
other IVHS services. Consequently, the
specifications are based on: (1) the data that
were located, (2) gperating experience, and
(3) sensitivity analyses developed during the
study or found in the literature. The .
estimates are considered representative of
those for the selected traffic parameters and
are consistent with the general requirements
of the particular application. However, a
detailed analysis is recommended to derive
parameter specifications for a specific system
design or for IVHS services not covered. Such
analyses are outside the scope of this report.

2.4.4 Signalized Intersection Control

Table 2-1 gives selected traffic parameter
specifications for advanced signalized
intersection control applications. Parameters
are listed for the tactical, strategic, and
historic categories. Tactical parameters
include those relating to flow, speed, and
occupancy measurements. For advanced signal
control systems, typical flow-related
parameters may include cyclically collected
intersection approach flow rates, flow profile
data, and turning volumes.

Tactical information related to intersection

control is often collected on a cyclic basis and

normalized to hourly rates. This minimizes
the short-term parameter fluctuations caused
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Table 2-1. Signalized Intersection Control Traffic Parameter Specifications

Tactical Parameters

. Collection Allowable
Parameter Units Range interval Error
Approach Flow . + 2 veh/signal
Profiles vehicles 0-3 1 second cycle
Turning hicl 0-200 1 evcle * 2 veh/signal
Movement Vol venicles Y cycle
?:af;’zlg'?irlr_]igk seconds 0-240 1 cycle + 2 seconds
Average . * 2 mi/h
Approach Speed mi/h 0-100 1 cycle (0-55 mi/h)
Queue Length vehicles/lane 0-100 1 second t 2 vehicles
10 Hz No missed
Demand Presence| Yes/No - (minimum) vehicles
ﬁgg:ﬁzh Delay s/veh 0-240 1 cycle + 2 seconds
Approach Stops | stops 0-200 1 cycle + 5% of stops
Strategic Parameters
- . Collection Allowable
Parameter Units Range Interval Error
Flow Rate . +2.5% @ 500
Occupancy %/lane 0-100 5 min + 5%
. . + 2 mi/h
Average Speed | mi/h 0-100 5 min (0-55 mi/h)
Average Delay s/veh 0-240 S min * 2.5 seconds
Percent Stops % 0-100 5 min (approx) + 5%

2-20




Development of IVHS Traffic Parameter Specifications

Table 2-1. Signalized Intersection Control Traffic Parameter Specifications
(continued)

Historic Parameters

. Collection Allowsble
Parameter Units Range Interval Error
Turning . + 2.5% @ 500
Movement Vol veh/movement 0-2000 15 min veh/h
Flow Rate . 1 2.5% @ 500
(volume) veh/h/lane 0-2500 15 min veh/h
Occupancy % 0-100 15 min *+ 5%

. . + 2 mi/h
Average Speed mi/h 0-100 15 min (0-55 mi/h)
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by data collection intervals being inconsistent
with whole multiples of the cycle length.
Fluctuations can also be minimized by
maintaining weighted running averages and
other smoothing techniques.(11)

Speed-based parameters are also of benefit to
advanced signal control algorithms. From a
tactical viewpoint, vehicle approach speeds
can be used to estimate link travel time.
However, speed accuracy is critical here
because a small difference in measured speed
can have a significant effect on calculated
travel time. (This depends, of course, on the
length of the approach section.) An error in
calculated travel time of only a few seconds
can have an adverse effect on operations if
travel time is used as the basis for offset
calculations. Another useful speed measure is
the distribution of approaching vehicle
speeds. The standard deviation of the
measured speed can be an important input to
the modeling of platoon dispersion from one
signalized intersection to another.

Occupancy-based measures such as queue
length, delay, and percent of stops collected on
a cycle basis can also be tactical inputs to
advanced signal control algorithms. Data from
traditional inductive loop traffic detectors on
an approach to a signalized intersection
provide estimates for these parameters using
an input-output model that receives the
current green state of the traffic signal.

These parameters provide feedback on the
effectiveness of the current traffic control
operation. Stop bar demand presence and
queue overflow presence are two other
occupancy-related parameters used by some
signal control algorithms. The strategic-level
parameters most often used by intersection
control logic include smoothed volume,
occupancy, and average speed indicators.
Some systems also tabulate average approach
delay and percent of vehicles stopping or total
stops by approach. Strategic data are
normally kept as smoothed values (weighted
running averages) with collection intervals
ranging from 1 to 5 minutes. In most
instances, the purpose of strategic volume
data collection is to tabulate current demands
for network links. Similarly, occupancy
parameters are often used to monitor the
extent of current congestion on the roadway
network. As discussed in a previous example,
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strategic traffic parameters can be useful for
implementing incident management strategies
designed for surface-street applications.

Historic parameters used in intersection
signal control applications include link-based
volume, occupancy, and speed. Turning
movement and O-D pattern information are
also important as inputs to demand prediction
algorithms. These data are currently
available from manual studies. .

2.4.5 Freeway Incident Management

Table 2-2 identifies selected parameter
specifications for freeway incident manage-
ment. Tactical parameters serve as key
inputs to automated incident detection
algorithms. Basic tactical inputs include
lane-specific mainline flow rate, occupancy,
and average speed. Other tactical parameters
derived from these basic parameters include
spatial occupancy differential and spatial
average speed differential. For incident
detection logic based on California-type
algorithms, the spatial differential para-
meters provide measures of the difference in
lane-specific values of occupancy or speed
between successive upstream and downstream
detection stations for a given direction of
travel. These types of algorithms rely on the
identification of an incident between mainline
stations from significant differences in the
measured values of parameters between the
two stations. Another algorithm uses the _
standard deviation of vehicle speed to predict
when freeways are reaching capacity and to
initiate strategies such as speed limit
reduction or metering .(12)

Strategic-level parameters are important as
traffic monitoring inputs to the overall
incident management process. Strategic-level
parameters include mainline lane-specific

flow rate, occupancy, average speeds, and
freeway on-ramp and off-ramp flows.
Alternative route data are also collected when
applicable. As a minimum, flow rates and

link speed or travel times should be
maintained for significant alternate routes in
the system. Strategic parameters are
generally maintained on-line as 5-minute
running averages.



Development of IVHS Traffic Parameter Specifications

Table 2-2. Freeway Incident Detection and Management Traffic Parameter

Specifications

Tactical Parameters (Detection)

. Collection Allowable
Parameter Units Range Interval Error
Mainline veh/h/lane 0-2500 20 s + 2.5% @ 500
Flow Rate veh/h/iane
gs::TJIE:ncy % (by lane) 0-100 20's £ 1%
Mainline Speed mi/h (by lane) 0-80 20s = 1 mi/h
1Ml2cg?$lme min - 20s + 5%

Strategic Parameters (Incident Management)

: Collection Allowable
Parameter Units Range interval Error
Mainline . + 2.5% @ 500
Flow Rate veh/h/lane 0-2500 5 min veh/h
ggg:j'g‘:ncy % 0-100 5 min + 2%
Mainline Speed mi/h 0-80 5 min + 1 mi/h
On-Ramp . + 2.5% @ 500
Off-Ramp . + 2.5% @ 500
Flow Rate veh/h/lane 0-1800 5 min veh/h/lane
%iir;:(eTravel seconds - S min + 5%
Current veh/h _ S min + 5%

0O-D Patterns
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Table 2-2. Freeway Incident Detection and Management Traffic Parameter
Specifications (continued)

Historic Parameters (Planning)

. Collection Allowable
Parameter Units Range Interval Error
Mainline Flow 15 min or + 2.5% @ 500
Rate veh/h/lane 0-2500 1 hour veh/h/lane
Mainline 15 min or
Occupancy % 0-100 1 hour * 2%
Mainline Speed mi/h 0-80 }51-123? or + 1 mi/h
On-Ramp Flow 15 min or 1 2.5% @ 500
Rate veh/h 0-1800 1 hour veh/h
Off-Ramp 15 min or + 2.5% @ 500
Flow Rate veh/h 0-1800 1 hour veh/h
Link 15 min or
Travel Times seconds - 1 hour * 5%
Current O-D 15 min or
Patterns veh/h - 1 hour * 5%

1T mi/h = 1.61 km/h
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As with intersection control, historic
parameters play a major role in many, if not
most, freeway incident management systems.
Parameters which parallel the strategic
parameters described above are typically
stored as historic files. Data are often
maintained for a particular time of day and
day of week for each detection station. New
data are smoothed with data for the
corresponding time interval of the previous
week. In this way, files are maintained that
represent typical time of day and day of week
conditions on the highway network. These
files are used for on-line demand estimation
and are often archived for planning and design
purposes. Historic parameters are typically
collected in 15-minute intervals, although
5-minute and 1-hour intervals are also used.
Some systems, such as the Burlington Skyway
in Ontario, Canada and the Denver, CO
Freeway Traffic Management System, store
5-minute values, but can derive 15-minute
and 1-hour values upon request.

2.4.6 Freeway Metering Control

Table 2-3 contains selected parameter
specifications for freeway metering control.
Tactical parameters for this application
include queue length, demand presence,
passage count, approach volume, and queue
overflow presence. When a queue length is
used in current applications, it is typically
estimated based on approach and passage
volumes or is derived from data produced by
ohe or more presence detectors on the
approach to the metering signal. Other
tactical inputs to the metering control
algorithm include mainline occupancy, speed,
and flow rate as described under freeway
incident management.

Strategic parameters for metering include
mainline and metered traffic flow rates.
Mainline values are generally lane-specific
and include volume, occupancy, and average
speeds. Derived average freeway speeds based
on volume and occupancy data from a single
inductive loop detector will give reasonable
results for strategic decisions because
collection intervals are typically 5 minutes
or longer and smoothing procedures are
normally used.
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Historic parameters of value in freeway
metering include those already identified as
strategic plus on-ramp and off-ramp flow
rates. The collection interval for historic

data is lengthened to 15 minutes or 1 hour, to
correspond to the intervals used with freeway
incident detection and management.

2.4.7 Future Traffic Parameter
Specifications

It is difficult to calculate the accuracy
required of traffic parameters for applica-
tions where algorithms do not exist or where
improved algorithms are being sought.
Nonetheless, one can speculate that increased
measurement accuracy will be required as
advanced algorithms are deployed. These
advanced algorithms will place a heavier
reliance on tactical-type inputs for real-time
control decisions. Future algorithms will not
likely require new traffic parameters sets

per se. Advances in detection technology will
decrease data collection costs and, in some
cases, will allow parameters such as queue
lengths and origin-destination patterns to be
more directly measured or estimated in real
time.

Two technologies that will enable advanced
algorithms to be deployed are imaging
detectors and probe vehicle sampling,
including AVl. Imaging detectors that track
individual vehicles through a traffic scene
have the advantage of monitoring actual
vehicle traffic movements as they happen,
thus allowing algorithms to be more demand
responsive. Furthermore, stopped vehicle
counts and standing queues can be directly
monitored with imaging methods. Since queue
buildup directly impacts delay, number of
stops, fuel consumption, and emissions
output, improved data and, therefore, control
optimization will be possible.

AVI readers and other vehicle probe-based
detection technologies are now being opera-
tionally tested. These have the potential to
statistically monitor travel movements

through a roadway network and provide
automated collection of O-D data and travel
time samples on a link-specific basis.
Up-to-the-minute O-D data will enable
improved incident and congestion management
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Table 2-3. Freeway Metering Control Traffic Parameter Specifications

Tactical Parameters (Local Responsive Control)

Parameter Units Range ﬁ\:leler:\cf:;iton é::%?able

Ramp Demand Yes/No - 0.1s ?noi/;s(erjjovehicles)

Ramp Passage Yes/No = 0.1s g:/;s(gjzlovehicles)

E:rr:\gfilgueue vehicles 0-40 20 s t 1 vehicle

g’ggﬂg':my % 0-100 20 s + 2%

paniine Flow | veh/h/lane 0-2500 20's oo e 300

Mainline Speed | i/, 0-80 20 s £ 5 mi/h

Strategic Parameters (Central Control)

Parameter Units Range I(;:g?s;}on é\rliz\:/able

gg;’ﬂg‘:ncy % 0-100 5 min + 2%

 Mainline Flow | veh/h/lane 0-2500 5 min s o © 500

Mainline Speed mi/h 0-80 5 min + 5 mi/h
Historic Parameters (Pretimed Operations)

Parameter Units Range E,(:g?:,:;:on éilrc:)\:.'able

ggicr:lg]:ncy % 0-100 }Shg:j? Or * 2%

Mainline Speed | mi/h 0-80 > min or £ 5 mi/h

orpo0 [Jgmner [izeme s

e N N i
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strategies. The availability of link travel incident detection algorithms by reducing
time data in real time should significantly detection times and false alarm rates.
improve the performance of automated
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Select Field Sites for Detector Field Tests

3. TASK B SUMMARY

SELECT FIELD SITES FOR DETECTOR FIELD TESTS

3.1

TEST SITE SELECTION AND
CRITERIA

Freeway and surface-street field test sites
were selected in Minneapolis, Minnesota;
Orlando, Florida; and Phoenix and Tucson,
Arizona. In Minnesota and Florida, both types
of sites are in the same cities. ' In Arizona, the
freeway site is located in Phoenix and the
surface-street site in Tucson. By choosing
test sites in different climatic regions of the
country, a variety of environmental test
conditions were encountered as described by
Table 3-1.

Test sites were selected to meet the following
criteria:

Mounting structures available for
installing above-the-road detectors
over the central portion of the lanes
at heights prescribed by the
manufacturers;

Mounting available or easily put in
place on the side of the road to install
side-looking detectors;

Power available for the detectors
under test;

Communications in place, or readily
installed, for transmitting traffic

data and video to a central processing
facility (traffic operations center or
traffic management center) or
anocther environmentally controlled
data collection location;

Inductive loop detectors in place or
capable of being installed;

Traffic flows that range from light to
heavy during a 24-hour period;

Weather-protected roadside con-
trollers available in which to install
detector amplifiers and other signal
processing equipment.

3-1

3.2 MINNESOTA TEST SITES

Seven potential field test sites were visited in
Minneapolis and St. Paul, four suitable for
monitoring traffic flows on freeways and
three for surface-street arterials. The de-
tector installation and intersection plan-view
drawings for the selected Minneapolis sites
are contained in Appendix E. The Minneapolis
freeway test site was located on -394 at the
Penn Avenue crossing. -394 is an east-west
freeway linking the western suburbs with
Minneapolis and is built along the U.S.
Highway 12 right-of-way. The freeway has
two unrestricted lanes in each direction at
this location, as well as two reversible high-
occupancy vehicle (HOV) lanes that are used
during morning and evening rush hours. The
HQOV lanes are located between the normal
eastbound and westbound {anes. Inductive loop
detectors are installed at 0.5-mi {0.8-km)
spacing to monitor traffic on I-394. The
bridge crossing at Penn Avenue has a
changeable message sign {facing westbhound
traffic) and various exit signs installed.

The eastbound lanes and the HOV lane closest to
the eastbound lanes were used as the test bed.
The photograph in Figure 3-1 was taken from
the Penn Avenue Bridge looking west at
eastbound traffic into Minneapolis. The
photograph in Figure 3-2 shows the area that
was monitored by the detectors on the east
side of the bridge. The above-ground
detectors were installed to observe down-
stream traffic moving away from the

detectors into Minneapalis, as there is no
obstruction on the east side of the bridge over
the eastbound lanes. Similarly, detectors

were mounted over the HOV lanes to monitor
the westbound traffic out of Minneapolis

during the afternoon and evening rush hours.
Speed-measuring inductive loop detector

pairs were installed in the three monitored
lanes to obtain vehicle count and speed data to
compare with those from radar, infrared,
ultrasonic, acoustic, and video image

processor (VIP) detector technologies. A
camera was placed on the Penn Avenue bridge
structure along with the overhead detectors to
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Table 3-1. Test Conditions Satisfied at Proposed Test Locations

Minnesota Florida Arizona

Freeway | Surface |Freeway | Surface |Freeway | Surface

Test Condition Street Street Street

Times of Day

Daylight

Dawn

Dusk

Night

Vehicles

Passenger cars

Trucks

Semi-trailers

Buses

Emergency vehicles

Motorcycles

Bicycles

Road equipment X

Traffic patterns

Multiple lanes

Normal traffic

Turning vehicles

Congestion

Long queues*

Stopped vehicles

Adjacent-lane vehicles

Lane straddlers

Weather

Clear

QOvercast X X

Fog

Abrupt lighting changes
(luminaries, lightning)

Cold temperature extremes X b3

Hot temperature extremes X X X X

Heavy snow X X ‘

Heavy rain X X X X

Smog** X

Haze X X

Artifacts

Shadows X X X X X X

Sun glare X X X X X X

Electromagnetic
interference X X X X X X

Wind sway and vibration X X X X X X

XX X X
b -
P -
» X o X
X X X X
o - 4

XX X M X X
Mo X X X X X X
) oM M XK XX
o X X M X X
Xox XK O X
MoK X X X X X X

K

>
>

b
>
>

XX X X X
Mo X X X X X X
e b I .
oM X M M X XX
X X X X X
Mo X X K XK XK X

>
>
bt
>

X oM X X
X ¥ X X

*  Long queues: For freeway application, on-ramps and mainline during congested hours.
For surface-street application, at traffic signals.

**  Experienced also during the laboratory tests of available detectors conducted in Los Angeles during
Summer 1992.
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Figure 3-1. -394 Freeway Test Location Photograph Looking at Eastbound Traffic
into Minneapolis Approaching Penn Avenue
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Select Field Sites for Detector Field Tests

obtain imagery of the traffic flow for ground
truth and to serve as an input to the VIPs.

A trailer located on the southeast corner of the
Penn Avenue/I-394 intersection was used for
recording the outputs of the detectors. Type
170 controllers are used by the Minnesota
Department of Transportation (MnDOT).

The selected Minneapolis surface-street site
was located on Olson Highway (TH-55)
between Lyndale Avenue North and Oak Lake
Avenue just east of the |-94 overpass. A sign
bridge spans the westbound lanes of TH-55 as
shown in Figures 3-3 and 3-4. Detectors
were mounted on the rear of the sign to
monitor downstream traffic.

Westbound Olson Memorial Highway has three
through-traffic lanes and a left and right turn
pocket as it approaches Lyndale Avenue as
shown in the figures. Fifty-foot (15.2-m)
light poles were also available to instali
detectors for side-looking configurations. A
set of single loops were already installed for
signal control. The city installed a second loop
in each lane to measure vehicle speed during
the tests. National Electronic Manufacturers
Association (NEMA) controllers are used by
the City of Minneapolis.

A trailer located on the south side of Olson
Highway was used for recording the outputs of
the detectors.

3.3 FLORIDA TEST SITES

Several freeway test sites along Interstate 4
were explored in the Orlando area. The |-4
and SR 436 intersection in Altamonte
Springs, north of Orlando, was selected
because it accommodated both freeway and
surface-street data acquisition and, thus,
potentially minimized the setup time. It has
an excellent alignment of the overpass with
respect to the interstate for mounting the
detectors. The detector installation and SR
436 overpass construction plans are
contained in Appendix l.

The freeway contains three lanes in both the
east and west directions at this location, with
the innermost lanes reserved for car pools

during peak traffic hours. The SR 436 bridge

3-5

provides a mounting structure for the
detectors overiooking the freeway. The three
lanes of -4 westbound traffic into Orlando,
shown in Figure 3-5, were monitored from
this vantage point where data from upstream
(approaching) vehicles were acquired. A
camera was mounted directly over the middle
of the monitored freeway fanes to obtain
ground truth of the freeway traffic and
imagery for the VIPs. Double-loop inductive
detectors were installed in all three
westbound lanes to measure vehicle count and
speed.

The westbound SR 436 surface-street test
location, shown in Figure 3-G, has three
through lanes and two left-turn lanes that
lead to an entrance ramp for [-4 West toward
Orlando. The sign bridge for mounting the
overhead detectors is located directly over the
freeway median. The signal controller cabinet
is located on the Northwest corner at the end
of the -4 West off-ramp for SR 436.
Double-loop inductive detectors were

installed on the SR 436 through lanes to
measure vehicle count and speed. A camera
was mounted on the pipe tree over the middle
lane to view the stop bar and traffic moving
away from the overhead detectors.

3.4 ARIZONA TEST SITES

Two freeway sites were visited in Phoenix.
The selected test site location, shown in
Figures 3-7 and 3-8, is the east-west
stretch of I-10 called the Papago Freeway
near Thirteenth Street, just east of the
tunnel.

There are three mainline westbound lanes and
one high occupancy vehicle lane as shown in
the figures. A changeable message sign hangs
over lane 3 (the rightmost lane). The
overhead detectors were mounted directly on
the sign bridge structure without using the
pipe trees. This was the only test [ocation
where the pipe trees were not used. Figure
3-9 shows the build plan for the freeway at
the test site location. Double-loop speed
measuring inductive detectors were installed
in the three mainline lanes to assist in the
technology evaluation.
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‘Figu‘re-344.‘0Isoh Memorial Highway Surfaée Street Test Location Photogravph
of Westbound Traffic Lanes — Back of Sign Bridge
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Figure 3-5. |-4 at SR 436 Freeway Test Site Photograph Showing Traffic on |-4
Westbound into Orlando
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Figure 3-7. Phoenix Freeway Test Site Photograph Showing Westbound -10 Traffic

at Thirteenth Street
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Flgure 3-8. Phoenlx Freeway Test Site Photograph Showmg Westbound I-10 Traffic Leavmg Deck Tunnel
and Heading Toward Thirteenth Street
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Select Field Sites for Detector Field Tests

Six surface-street arterial test sites were
visited in Tucson. The selected site was along
Oracle Road at the intersection with Auto Mall
Drive and across the street from the largest
shopping mall in Tucson. Three lanes in each
direction support north-south traffic.
According to the City of Tucson, the traffic is
well funneled into these lanes by the stoplight
on the north side of the intersection. The
overhead detectors were mounted on pipe
trees and were supported by the signal light
mast arm that controls southbound traffic as
shown in the southbound view in Figure

3-10. Oncoming traffic southbound on Oracle
Road is shown in Figure 3-11.

Double 6-ft by 6-ft (1.8-m by 1.8-m)
rectangular loops were installed in the curb
and center lanes, round loops in the curb lane,

3-13

and pairs of microloop detectors in the curb
and center lanes in order that these types of
loop data may be compared against one
another, as well as against the overhead
detector data. A trailer situated on the
southwest corner of the intersection housed
the data recording and analysis equipment.

The city-owned controller cabinet was used to
supply the green phase signal for the
southbound Qracle Road traffic. Temperatures
in the cabinet can reach 170 (77°C)

without a fan during hot weather. The City of
Tucson requires equipment to be specified for
80°C (176°F) operation. 115 VAC power
came from the pole that supports the traffic
signal mast arm.
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Select and Obtain Vehicle Detectors

4. TASK D SUMMARY

SELECT AND OBTAIN VEHICLE DETECTORS

4.1 SELECTION CRITERIA

The criteria used to select vehicle detectors
for use in the laboratory tests of Task E and
the field tests of Task G were:

+ Availability,
» Demonstrated capability,

+ Compatibility with controllers in
place at the field test locations,

- Representative of current technology,
and

+ Vendor support.

Availability implies that one or more units
would be supplied by the vendor in time to
support the field tests beginning in October
1892. This criterion was tightened to include
delivery to support the laboratory tests
scheduled to begin in May 1992 when
possible.

Demonstrated capability implies that the
detectors have either been tested by a
municipality or Department of Transportation
(DOT), or have undergone substantial testing
by the vendor.

For compatibility with the controllers used at
the test sites, an appropriate interface
between the detector or amplifier and the
controller must exist, or the interface must
be capable of being easily put in place by
personnel working for the DOTs.

To be representative of current technol-
ogies, a detector must contain design features
that allow it to respond to moving and/or
stationary vehicles of different sizes and
colors; operate in light and heavy traffic
flows under most weather conditions; be
capable of day and night operation; and be
immune to artifacts such as shadows and glint,
and false detections from shoulder or adjacent
lane objects and vehicles. The effects of these
scenarios on each technology is different, as
addressed in Section 5.

Vendor support implies cooperation in
supplying requested data and operating and
mounting instructions, and in resolving
problems that arise during the tests.

These criteria were applied to vehicle
detectors representative of the following
technologies:

+ Ultrasonic,

» Infrared (Passive and Active),
+ Microwave,

+ Video Image Processing,

» Acoustic Arrays,

« Inductive Loop, and

+ Magnetic.

4.2 SELECTION PROCESS

Two general paths for selecting detectors for
the field tests were considered. The first is an
ideal path shown in the upper part of Figure
4-1. |t is suitable if present-day detectors
meet the IVHS requirements of the future as
specified in Section 2.

The ideal detector selection path begins by
establishing user requirements through
discussions with city, county, siate, regional,
and federal transportation agencies and other
major interesied parties such as equipment
manufacturers. These requirements are then
analyzed and consolidated into categories that
represent the IVHS applications and services
surfaced through the discussions. Detectors
that meet the requirements undergo further
screening in laboratory tests, checking for
operational compatibility with field site
support services and anticipated traffic
conditions {e.g., mounting configuration,
communications, and weather and traffic
volume environments), and verifying non-
interference with the operation of other
detectors. Finally, those detectors that pass
the screen are chosen for further evaluation
in the field tests.
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in our case, it was found that none of the
available detectors wouid meet all of the
requirements developed in Section 2.
Therefore, the detector selection path shown
in the lower part of Figure 4-1 was used.
Here the capabilities of currently available
detectors are determined from the Federal
Highway Administration (FHWA), user

evaluations, vendors, conferences, journals,
and other personal contacts. Instead of
eliminating detectors that do not pass all IVHS
requirements, all detectors are allowed to
enter the screening process. Those that
perform to the vendor's specifications are
selected for further evaluation in the field
tests.

— IDEAL PATH -
Select Those Sa -
tion of
IVHS Detector Detectors ) elec
— ge lsxirem :lt]gs | That Satisfy  #=| Screening [- 9| Detectors for
i IVHS Field Tests
‘ Requirements Laboratory Tests
~Compatibility with
Field Site
Environments
«Noninterference
User Needs with Operation
of Other Detectors
Identify Current Selection of
—p=-| Detectors and Their | Screening @ Detectors for
Capabilities Field Tests
«Laboratory Tests
-Compatibility with
Field Site
Environments
«Noninterference
with Operation
of Other Detectors
-~ PRACTICAL PATH P
Figure 4-1. Detector Selection Processes

in applying the process just described,
municipalities such as the City of Los Angeles;
DOTs in Minnesota, Florida, Arizona, and
California; and other user organizations such
as the Enterprise Group were contacted to
gather information about potential manutac-
turers and test results on their products.
These contacts sometimes led to studies that
evaluated detector performance, such as those
conducted by the Institute of Transportation
Studies at Berkeley and the Transportation
Research Group at the California Polytechnic
State University at San Luis Obispo.(12) As
the Detection Technology for IVHS Program
progressed, other manufacturers were made
known to the principai investigator by the
Contracting Officer's Technical Representa-

4.2

tive (COTRY) and personnel within Hughes
Transportation Management Systems. Still
other sources of detectors were gathered from
reviews of industry journals, such as those
published by the Institute of Transportation
Engineers (ITE), and from attendance at
conferences sponsored by the Transportation
Research Board (TRB), IVHS America,
American Society for Testing and Materials
(ASTM), and ITE. Manufacturers also
contacted the principal investigator at
technical meetings and exhibits where they
were present.

Lists of detector models and specifications by
technology are shown in Tables 4-1 through
4-8 for above-the-road and in-ground
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Table 4-1. Specifications of Ultrasonic Vehicle Detectors Evaluated
Speed Speed Min Pulse .
Detector Detectablef Transmit Bse:r?\- Measure-| Measure-|{ Detection Vehicle Paak Repetition Vﬁll:clliz Hos;;gnT?:ne
Objects |Frequency width ment ment Range Sepa- Output Period (To) (Th)
Range | Accuracy ration (To) P h
Sumitomo Vehicle | Subcompact | 25.5 KHz 15 deg 4-120 1+ 10% 8 m <10m 14 + 3 Not Not Not
Speed Deteclor cars and + 1 KHz km/h {26 ft) (33 ft) Vop Applicable | Applicable | Applicabte
SDU-200 larger (2.5-75
mph)
Sumitomo Vehicle | Subcompact 26 KHz =13 deg Not Not 15t08m)] 1.2 m+ | <10 walts 333 21058 115 msec
Detector cars and + 1 KHz Applicable Applicable | (4.9 to 26 | vehicle mseac msec + 10%
SDU-300 larger ft) spead in
m/sec X
0.15 sec
Microwave Pedestrians, | 49.7 KHz | =20 deg Not Not 7m 1.5 m | Transmitted| 100 msec [ 0.02 msec| 0.25 to 10
Sensors bicycles, and Applicable | Applicabls (23 1) (5 ft) at acoustic sec
TC-30C all motorized 70 mph energy is
vehicles 110 dB at
20 upascals

at 1m
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Table 4-2. Specifications of Active Infrared Detectors Evaluated
Instan- . Speed
Vehicle ; Re- Presence
Detector taneous Classi- Measure-| Detection sponse| Flow Hold
Field of fication ment Range Time Time
View Range
(FOV)
Schwartz *2 beams, | Autoor [ 0to>80 |15 -15 m|=10 ms| Oto |[Foraslong
Electro- each 1 truck mi‘h with [ (5 - 49 ft) >1800 | as vehicle
Optics mrad (El) +1 mi/h veh/h |isin FOV of
780D1000 ! by 9.5 deg accuracy detector
(Az) up to 70
mi/h
| -Beam
separation
in El =10
deg

1 mith = 1.61 km/h

Table 4-3. Specifications of Passive Infrared Detectors Evaluated

Maximum
Detection Speed at
Detector Dgt:_c;t:tbsld Range and Re_rsiprggse Which Hold Time
J Footprint Vehicles
Are Counted
Eltec 842”|Bicycle 6.4 - 16 m <250 ms | >100 mi/h | True presence
and any (21 - 54 it) (160.9 km/h) | detector with 6
motorized slant range minutes maximum
vehicle with corres- hold time for
ponding foot- vehicles in FOV of
prints (El x detector
Az) of 93.2 x
99.8 cm to
237.0 x 4905
cm (36.7 x
39.3 in to 93.3
x 193.1 in}
Eltec 833*|Bicycle and{5 - 30 m 50 to 100 85 mi/h Pulse-type
any (16 - 98 f) ms (138.8 kmvh) | counting operation
motorized ] down range with count held for
vehicle with corres- up to 4 seconds
ponding foot-
print diameters
of 0.4 t022m
(1.3 to 7.2 ft)

-

response used is from 8 to 12 micrometers.

4-4

Photon-sensitive element is made of lithium tantalate (a type of pyroelectric material).

Spectral
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Table 4-4. Specifications of Microwave Detectors Evaluated

Potarization 3dB Speed Speed
Detector Detectable Transmlit Power (Transmit Beam- | Measurement| Measurement Detection Regsponse
Objects Frequency | Output | & Recelve) | width Range Accuracy Range Time
Microwave | Mopeds and larger | 10.5256 GHz | -18 dBm Horizontal 16 deg Az, | Not Applicable Not Applicable 1-30 m 0.165 sec
Sensors traveling at speeds (56,234 15 deg Ef (3-100 ft)
TC-20 > 2 mph at signal- pVim at {Ant Gain
controlied 30m = 16,4 dB)
intersections distance)
Microwave | Mopeds and larger | 10.525 GHz | -18 dBm Horizontal 16 deg Az,| 5-106 km/h | +Speed is segre- | Up to 61 m (200 0.165 sec
Sensors traveling at speeds (56,234 15 deg EI (3-66 mph} gated into 1 of | ft) for autos; up
TC-26 > 3 mph on city BpV/m at {Ant Gain S bins which to 107 m (350 ft)
arterials and 30 m = 16.4 dB} together cover | for trucks
freeways distance) the range 5 to
106+ km/h
«Speed is also
available in
terms of
Doppler fre-
quency shift to
within & 1 mph
Whelen Any licensed 10.525 GHz <25 Horizontal 7 deg 8 - 137 km/h | Within £ 2 mph | Designed to Not applicable
TDN-30 motor vehicle mW/ecm? (1st (5 - 85 mph) at all speeds | project an «8-ft- | since detector
soparated by one sidelobe at diameter footprint] gives a direct
car length and -10 dB}) at a mounting speed
traveling at speeds height of 32 #t measuremsent
> 5 mph
Whelen Multiple—lane 10.525 GHz <2 Horizontal 25 deg 8 - 137 km/h | Within £ 3 mph Upto 306 m Not applicable
TDW-10 coverage of any mW/iecm?2 (1st {5 - 85 mph) at all speeds (100 f1) since detector
licensad motor sidelobe gives a direct
vehicle traveling at -3 dB)} speed
at speeds > 5 mph measurement
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Table 4.4, Specifications of Microwave Detectors Evaluated (continued)

Polarization 3dB Speed Speed
Deteclor Detectable Tranamit | Power | (Transmit | Beamwidth | Measurement | Measurement Detection Response
Objecs Frequency | Output | s Recelve) Range Accuracy Range Time
Electronic | Presence and 10.525 GHz | < 2.5 Vim Horizontal 16 deg Az, |0 - >160 km/hr| Within + 10% |+ Sidefire: Up to 12] < 20 msec
Integrated | speed detector for at3m 25 deg El (0 - >99 mph) lanes covered
Systems | motorcycles and distance - Beam - Up to 60 m (200
Remote larger shaping ft) with resoclu-
Tratfic results tion of 2 m (7 )
Microwave ina in 12 detection
Sensor user- zones
(ATMS) definable + Overhead: 1 lane
‘ azimuth covered
footprint + Occupancy of a
of 10 to zone at < 2%
15 fi at error
a range « Traffic volume in
of 100 ft a zone at < 5%
. Beam error
shaping
results in
an
effective
elevation
beamwidth

of 50 deg
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Table 4-5. Specifications of Video Image Processors Evaluated

Number of Speed Speed
Manufacturer/ Traffic Measure- Measure- Detection | Vehicle
Model Lanes ment ment Range Tracking
Monitored® Range Accuracy®
Econolite/ 8 0 to > 80 mi/h +2 mi/h 46 m No
Autoscope (150 ft)©
20034
Computer 4 010 > 80 mi/h +21t05% 46 m Yes
Recognition (150 ft)©
Systems/
Traffic Analysis
Systeme
Traficon/ 4 0to 112 - 46 m Yes
CCATS-VIP 2f mi/h (150 ft)©
Sumitomo/ 4 0 to 100 mi‘h + 5% - Yes
IDET-1009 {3 lanes),
0to 75 mith (4
lanes)
EVA/ 4 0 to 155 mi‘h - 29m Yes
2000h (95 )b

1 mi‘h = 1.61 km/h
a. Per camera.
b. Function of frame rate, camera resolution, vehicle speed, and camera mounting height.
c. Based on vehicle occlusion as a function of camera mounting height, intervehicle gap, and
vehicle height. Value in table reflects mounting height = 25 ft (7.6 m), intervehicie gap = 30 ft
(9.1 m), and vehicle height = 5 ft (1.5 m).
d. Typical traffic data reported by Autoscope include volume (number of vehicles/time
interval), [ane occupancy (time vehicle is in detection zone divided by the time interval),
headway over time (average number of seconds between consecutive vehicles during the time
interval), speed of a single vehicle, average speed of all vehicles during the time interval,
classification of a single detection based on vehicle length (three classes are available), and
classification of time interval data.(3)

e. Typical traffic data reported by the Traffic Analysis System include mean speed of vehicles in
each of three classes; overall mean speed; length of the vehicle; area of the vehicle; number of
vehicles in each of the three classes; total number of vehicles; density of vehicles; occupancy; and

per l[ane parameters that include number of vehicles, average speed, density, and occupancy.(4)
f. CCATS-VIP 2 incorporates a graphical data interpretation and display package that outputs

total number of vehicles and number per lane, gap time between vehicles, occupancy per lane,
vehicle classification (up to three types) based on length, mean length of all detected vehicles, and

alarms at lower and upper thresholds set by user.{5)
g. Traffic data is reported by the IDET-100 by lane over an RS-232 interface. Data include
vehicle detection with a 90 percent accuracy; vehicle type as small or large; velocity in km/h;

vehicle motion as moving, recently stopped, or parked; and the pulse width of the detection signal.
The maximum length of the detection zone is 20 meters. The speed measurement accuracy of + 10

percent is based on a field test of approximately 250 units in Japan.(6.7)

h. EVA 2000 provides volume, average speed, density, occupancy, average spatial headway, and
count, each on a per lane and vehicle type (two types are supported) basis. Tracks individual

vehicles, even when they cross lanes.(8)
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Specifications of Passive Acoustic Detectors Evaluated

Table 4-6.
Number of Detecti Detecti
Manufacturer/| Traffic Lanes fon eleclion | petection| Response
Monitored |Frequency Beam :
Model Band Pattern Range Time
AT&T/ Single detection|{ 4 kHzto 6 deg (3 dB) 20 to 35 50 ms
SmartSonic TSS-1|zone in 1 lane 6 kHz 20 deg (10 feet (6.1
from overhead dB) to 10.7 m)
mount

4-8
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Table 4-7. Inductive Loop Detector Specifications
NEMA TS-1 California Connecticut Florida
Parameter 1989 July 1989 1991-1992 May 1991
Reference to NEMA No, but many NEMA

specifications made

Not Applicable

No

No

sections included

Class 1: All motor vehicles that | Not specified Class 1:
Type of vehicle detected | Small motorcycle can be licensed in small motorcycle
Class 2: California Class 2:
large motorcycle large motorcycle
Class 3: Class 3:
automaobile automobile
o Parked and speeds
Speed Range 5 to 80 mph Not specified greater than 0 mph 5 to 80 mph
A minimum of 3 A minimum of 7 Not specified A minimum of 3
Sensitivity settings selectable sensitivity settings
settings
Shall be able to detect | Shall detect vehicle Shall be able to detect
Class 1, 2, or 3 with minimum change Class 1, 2, or 3 vehicle
vehicle when connected | in inductance of 0.02% when connected to any
to any test loop at seiting 6 test loop described
described below below
For Class 1 vehicle, For Class 1 vehicle,
Response Time less than 126 msec; 5 = 1 msec for Not specified less than 126 msec;

For Class 3 vehicle,
less than 51 msec

sensitivity setting 2

For Class 3 vehicle,
less than 51 msec

Detection zone

3 feet maximum
beyond loop

3 feet maximum beyond
loop

Not specified

3 feet maximum beyond
loop

Pulse Mode

Qutput hetween 100 -
150 msec when test
vehicle enters
detection zone

Cutput pulse of 125

+ 25 msec when test
vehicle enters detection
zZone

Qutput pulse not
specified

Output between 75 to
150 msec when test
vehicle enters detection
zone
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Table 4-7. Inductive Loop Detector Specifications (continued)

Parameter

NEMA TS-1
1989

California
July 19889

Connecticut
1991-1992

Florida
May 19891

Presence Mode

When a Class 2 vehicle is
over a test loop, the
detector output shall be
maintained for at least 3
minutes if vehicle
remains that long

At sensitivity setting
6, the minimum
duration of the detector
output shall be 3
minutes if vehicle
remains that long

Detection shall persist
up to at least 10 minutes

When a Class 2 vehicle
is over a test loop, the
detector output shall be
maintained for at least
3 minutes if vehicle
remains that long

Recovery from
sustained occupancy

Detector shall recover
90% of normal
sensitivity within 1 sec
after vehicle leaves
detection zone

Detector shall recover
normal sensitivity
within 1 sec after
vehicle leaves detection
zone

Not specified

Detector shall recover
90% of normal
sensitivity within 1
sec after vehicle leaves
detection zone

Environmental change

Detector shall
automatically adjust for
changes in loop/ lead-in
properties which might
be reasonably expected

Detector shall
compensate for a
change in inductance of
0.001% per sec, up to
a total change of

* 5.0%

Temperature changes
ofup to 1 deg C per 3
minutes shall not affect
detector operation

Detector shall
compensate for
environmental drift

Detector shall operate
propertly between -30
deg F and 150 deg F

Detector shall
automatically adjust
for changes in loop/
lead-in properties
which might be
reasonably expected

Delay Operation

Detector output delayed
from O to 15 sec in 1-sec
increments, and from 16
to 30 sec in 2-sec
increments

Not specified

Detector output delayed
from O to 31 sec in 1-sec
increments

Detector output delayed
from O to 30 sec

Extended Operation

Detector output extended
from time vehicle |leaves
loop by 0 to 7.5 sec in
1/2~sec increments

Not specified

Detector output extended
from time vehicle leaves
loop by 0 to 15.5 sec in

1/2-sec increments

Not specified
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Table 4-7.

Inductive Loop Detector Specifications (continued)

Parameter

Georgia

Missouri

New York
June 1990

Oklahoma

Reference to NEMA
specifications made

Not mentioned

Not mentioned

No

Yes

Type of vehicle detected

Not specified

Not specified

All licensed motor

Not specified — see

vehicles except mopeds | NEMA spec
Speed Range 0 to 80 mph 0 to 80 mph Not specified 0 to 100 mph
Shall detect a vehicle Not specified A minimum of 7 Not specified — see
. with minimum change in selectable sensitivity NEMA
Sensitivity inductance of 0.02% settings
Shall detect vehicles
with minimum change
in inductance of 0.02%
at setting 6
Response Time Not specified Not spscified 511 msec for Not specitied — see

sensitivity setting 2

NEMA

Detection Zone

Not specified

Not specified

3 feet maximum
beyond loop

Not specified — see
NEMA

Pulse Mode

Output pulse not
specified

Output putse not
specified

Output pulse of 125
+ 25 msec when test
vehicle enters
detection zone

Required,but not
specified — see NEMA

Presence Mode

When a Class 2 vehicle
is over the test loop, the
detector output shall be
maintained for at least
3 minutes.if vehicle
remains that long

At sensitivity setting
6, the duration of the
detector output shall be
3 minutes if vehicle
remains that long

Detection shall persist
up to at least 10
minutes

When a Class 2 vehicle
is over a test loop, the
detector output shall be
maintained for at least
3 minutes if vehicle
remains that long
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Table 4-7.

Inductive Loop Detector Specifications (continued)

Parameter

Georgia

Missouri

New York
June 1990

Oklahoma

Recovery from
sustained occupancy

Detector shall recover
90% of normal
sensitivity within 1
sec after vehicle leaves
detection zone

Detector shall recover
normal sensitivity
within 1 sec after veh.
leaves detection zone

Not specified

Detector shall recover
90% of normal
sensitivity within 1
sec after vehicle leaves
detection zone

Environmental change

Detection shall
automatically adjust
for changes in loop/
lead-in properties
which might be
reasonably expected

Detector shall
compensate for a
change in inductance of
0.001% per sec, up to
a total change of

+ 5.0%

Temperature changes of
up to 1 deg C per 3
minutes shall not affect
detector operation

Detector shall
compensate for
environmental drift

Detector shali operate
properly between -30
deg F and +150 deg F

Detector shall
automatically adjust
for changes in loop/
lead-in properties
which might be
reasonably expected

Delay Operation

Detector output delayed
from O to 15 sec in 1-
sec increments, and
from 16 to 30 sec in 2-
sec increments

Not specified

Detector output delayed
from 0 to 31 sec in 1-
sec increments

Detector output delayed
from O to 30 sec

Extended Operation

Detector output
extended from time
vehicle leaves loop by
0 to 7.5 sec in 1/2-sec
increments

Not specified

Detector output
extended from time
vehicle leaves loop by
0 to 15.5 sec in 1/2-
sec¢ increments

Not specified
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Table 4-8. Magnetometer Specifications

Parameter

Value

Operation Modes

Two, Pulse and Presence

Vehicle Types Auto, trucks, buses, motorcycles, motor bikes,
bicycles

Vehicle Speed 0 to 100 mi/h (160.9 km/h)

Selectivity High steel concentrated area shall not affect operation

Output Signal

Pulse Mode: Relay contact closure of 25-ms minimum
(Connecticut); 125 + 25 ms (California)

Presence Mode: Relay contact closure for duration of
presence of the vehicle (Connecticut); same for
California except add that indication shall cease within
100 ms

Detection Area

18 inches (457.2 mm) minimum on either side
of sensing head

Distance Between Control Unit and
Sensing Head

3000 feet (914.4 m) minimum

Power Interruption

The control unit shall return to normal operation within
3 minutes following a power interruption

4-13
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detectors. The above-the-road models were
evaluated during the laboratory and field
tests. Inductive loops and magnetometers
were evaluated with the above-the-road
technology models during the field tests. The
specific inductive loop detector amplifier
models and magnetometers used in the field
tests were selected in consultation with the
host cities and states and the manufacturers.
Inductive loops were cut using state-of-the-
art installation techniques. The detector
amplifi-ers were supplied by the host agency
and were representative of state-of-the-art
signal processing technology. Loop and
magnetome-ter manufacturers and
distributors, including Indicator Controls
Corporation, Detector Systems, Saratec
Traffic, and 3M, were contacted to obtain
copies of specifications and performance data
for their most current products.

4.3 TECHNICAL JUSTIFICATION

The technical justification for detector
selection and rejection in the field tests was
based on:

+ Detector performance in freeway
and surface street demonstration
tests conducted by Hughes, DOTs,
and other evaluation projects funded
by states or FHWA;

+ Detector design criteria that allow
operation in anticipated weather
environments;

+ Availability of detectors in time to
meet laboratory and field test and
evaluation schedules;

+ Manufacturer support to help
interpret specifications and evalua-
tion data, and make available RS-
232 serial data protocols that
describe the data output by the
detector.

Detector performance was judged against the
specifications provided by the manufacturer.

4-14

If the laboratory or other demonstration test
performance met the manufacturer's specifi-
caticns and the specifications represented
state-of-the-art performance, then the
detectors were used in the field tests.

The manufacturers design criteria and test
data helped determine if the detectors operated
in cold, hot, fog, and wet weather
environments and in electrical disturbances,
such as lightning, anticipated for the figld
tests.

Availability of detectors became a con-
sideration because of the lead time needed 1o
set up equipment and build required mounting
brackets and interface electronics. Some of
the detectors are new development models
whose production-mode! runs de not yet exist.

Manufacturer support in making available
specifications, operating procedures, and test
procedures not normally supplied with the
detectors made the laboratory and field testing
of these devices easier and more meaningful.

A selection matrix showing which of the
technical criteria are satisfied by the
detectors selected is given in Table 4-S.

All detectors that met these criteria were used
in the field tests. As none of the detectors met
all of the future IVHS requirements listed in
Section 2, the field tests were instead used to
verify performance of the current state-of-
the-art detectors and to make recommenda-
tions for future improvements.

4.4 ON-BENCH PHOTOGRAPHS OF
DETECTORS

Pages 4-16 through 4-26 contain photo-
graphs of the detectors that represent the
technologies evaluated in the project. The
detectors not shown were not available during
the photography sessions. The manufacturers
and specification summary corresponding to
each detector model can be found in Tables

4-1 through 4-6. A brief description of each
detector is given in Section 10.6.
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Table 4-9. Detector Output Data and Operating Environments

Data Environment Mount
g
Traffic Parameter oo g = g
£ = § g o0
£ 3A&% 5 E
8 m 5 o o= |3 8 3
Detector Technology 2533 22 3|3 . 2 z £ 7
and Model 2 B 8 5 518 £ w o »w |8 &
SESE82ER2EesZ |6 &
Ultrasonic
Sumitomo SDU-200 (RDU-101)| x X I x IT'fx x x x x x|U
Sumitomo SDU-300 X X X IT{x x x x x N
Microwave Sensors TC-30C X X I I{x x x x X x [N
Infrared (Active)
Schwartz Electro-Optics X X X I x 1fx 7?2 7 72 x xjub
Infrared (Passive)
Eltec 842 X X I I{x ?2 7 X x |UD**
Eltec 833 X Iix 72 7 7 x UD
Microwave Radar
Microwave Sensors TC-20 X X x x x x xfUD x
Microwave Sensors TC-26 X X Ilx x x x x x|UD
‘Whelen TDN-30 X X Ilx x x x x x|UD
Whelen TDW-10 X X Ifx x x x x x]|UD
Electronic Integ. Systems RTMS| x  x  x X I'tx x x x x x|UD x
Video Image Processing
AutoScope 2003 X X X X x x x|x 7 7 7 x x|UD«x
Computer Recog. Systems TAS [x x x x x x xtx 7?2 7 ?2 x x|UD x
Golden River Traffic C-CATS X x x x x x x|x ? ?2 72 x x|{UbDb x
Sumitomo IDET-100 X X x x x X x|x 7?7 7?7 7?7 x x|UD x
EVA 2000 X X X X x X x|x ? 7?7 7 x x|UD x
Acoustic Array
AT&T TSS-1 X X X x ? x ? x x|D
Inductive Loop Detectors x x I X Il x x x x X x
Magnetometers x x 1 X Il x x x x x x

* U = functions when viewing upstream, D = functions when viewing downstream, N = functions
when viewing in nadir direction.

** Manufacturer recommends that Model 842 be mounted at an cblique angle to the traffic flow.

x represents either (1) data that are measured directly, (2) acceptable operating environments,
or (3) side-mounted aperation.

I represents information available through processing of detector data, i.e., indirectly available
information.

? represents a possible degradation in performance dependent on the severity of the environment.
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Figure 4-2. SDU-200 {RDU-101) Ultrasonic Detector
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Figure 4-3. SDU-300 Ultrasonic Detector
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Figure 4-6. 833 Infrared Detector
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Figure 4-8. TC-20 Microwave Detector



Select and Obtain Vehicle Detectors

Figure 4-9. TC-26 Microwave Detector
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Figure 4-10. TDN-30 Microwave Detector
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Figure 4-11. RTMS Microwave Detector
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Figure 4-12. Autoscope 2003 Video Image Processor
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Figure 4-14. Traffic Analysis System Video Image Processor
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Figure 4-15. EVA 2000 Video Image Processor
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Figure 4-16. Self-Powered Vehicle Magnetometer Detector
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Figure 4-17. Delta 1 Vehicle Counter
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5. THEORY OF OPERATION OF DETECTOR TECHNOLOGIES

The quest for a reliable and cost-effective
vehicle detection and tracking system that can
be installed and maintained with safety and
minimal disruption of traffic, and can provide
traffic data at least as accurate as the loop
detector has been underway for some
time.(1:2) Not only are detectors used to
actuate traffic control devices and detect
incidents, but they are also appearing in
automatic vehicle identification applications
associated with electronic toll and traffic
management (ETTM) as discussed at the end of
this section. Still other applications include
sensing of vehicle presence, turning
movements, and speed for advanced vehicle
control systems.

This section reviews above-the-road and
below-the-surface detector technologies. The
above-the-road devices have the potential to
replace inductive loop detectors for
intersection control, traffic surveillance, and
incident detection. Many of these technologies
are in limited application in demonstration
projects where their potential to supply
accurate data is being evaluated.(3) The
lessons learned are anticipated to lead to
further enhancements. The section concludes
with a discussion of automatic vehicle
identification applications.

5.1 VIDEO IMAGE PROCESSORS

Video cameras were first introduced to
provide roadway surveillance. They trans-
mitted closed circuit television (CCTV)
imagery to a human operator for
interpretation. More advanced techniques now
use video image processing to automatically
analyze the scene of interest and extract
information for traffic surveillance and
control. Typically, the imagery is digitized in
hardware that is hosted in a personal
computer (PC) architecture. The PC also
accommodates application-specific software
used to calculate the desired traffic
parameters, Video image processors (VIPs)
can replace several in-ground inductive loops
by a single above-the-road camera and signal
processing that provide area-wide detection of
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vehicles and the promise of lower
maintenance costs. Some VIP systems process
data from more than one camera and thus
increase the data collection area even further.

VIPs have the potential to classify vehicles
and report vehicle presence, volume,
occupancy, and speed for each class and for
each lane observed. Other potentially
available traffic parameters are density and
link travel time.

5.1.1 Operation

Most current video image processors analyze
imagery transmitted to them at full frame
rates of 30 frames/s. Some can conserve
transmission bandwidth by performing image
processing in the camera or at the roadside
controller and transmitting only low-
bandwidth numerica! traffic data to the
operations center as shown in Figure 5-1. In
addition to the traffic parameters, the
detector interface module can transmit
information that allows icons to be displayed
on monitors in the traffic management center
by using a combination of computer hardware
and software located at the center. The icons
represent the real-time traffic flow
occurring on the freeway and the tracks of
vehicles within the field-of-view of the
camera. Different shaped and colored symbols
can be created to represent automobiles,
buses, trucks, motorcycles, etec. The icon
representation of traffic flow, as compared to
the display of full bandwidth video imagery,
allows lower bandwidth transmission media to
be used. The full bandwidth imagery is still
available on demand for transmission to the
operations center to verify and identify
incidents and recurring congestion. By
multiplexing video images from several
cameras on one transmission line and sending
the video only when requested, operating costs
associated with leased transmission media are
further reduced.

New generation VIPs are being developed to
process high-resolution visible and infrared
camera imagery with embedded algorithms
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that are not susceptible to variations in
ambient light, shadows, or other artifacts that
can otherwise corrupt the traffic data.
Several VIPs identify and track vehicles and
then estimate the future position of the
vehicle. These VIPs have the potential to
transmit information to roadside displays and
radios that alert drivers to factors that can
lead to an incident. Other VIPs use
information from a combination of sensors
sensitive to visible, infrared, and ultraviolet
wavelengths to detect vehicles and remove
artifacts.

5.1.2 Mounting and Traffic Viewing
Considerations

Table 5-1 shows how processing of upstream
or downstream imagery influences VIP
performance. The primary advantage of
upstream viewing is that incidents are not
blocked by the resulting traffic queues.
However, tall trucks may block the line of
sight and headlights may cause blooming of the
imagery. Downstream viewing offers advan-
tages of camera concealment so that driver
behavior is not altered, easier identification
and tracking of vehicles using information
contained in the tail lights, and better acqui-
sition of vehicle tracks because the vehicles
are closer to the camera at track initiation.

Based on line-of-sight considerations, the
detection distance at which a VIP can differ-
entiate two closely spaced vehicles along the
surface of a road is a function of camera
mounting height, inter-vehicle distance or
gap, and vehicle height as shown in Figure
5-2. The maximum detection distance Djpax
along a roadway without a grade is given by

Ve h gap

D= h —Claap_
MEX " Vehpeight

(5-1)

where
h = camera mounting height,
Vehgyp = inter-vehicle gap, and
Vehpeight = vehicle height.

Other factors to be considered when installing
cameras used in VIP systems include: (4)

¢ Vertical and lateral viewing angles,
¢ Number of lanes observed,
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+ Stability with respect to wind and
vibration,

and
* Image quality.

VIiPs tolerate an oblique view of the highway if
the mounting height is high, say 45 to 50 feet
(13.7 to 15.2 m), For lower heights in the
vicinity of 18 to 25 feet (5.5to 7.6 m), a
mounting location centered over the area of
interest may be required. However, the lower
the camera, the greater is the error in vehi-
cle speed measurement, as the measurement
error is proportional to the vehicle height
divided by the camera mounting height.

The number of lanes of imagery analyzed by
the VIP becomes important when the required
field of view is larger than the VIP's
capability. For example, if the VIP provides
data from detection zones in three lanes, but
five must be observed, that particular VIP
may not be appropriate for the application.

VIPs sensitive to targe camera motion may be
adversely affected by strong winds. Algori-
thms that predict the future path of a vehicle
(such as a Kalman filter) and smooth its track
may reduce sensitivity to camera motion.

Image quality and interpretation can be
affected by cameras that have automatic iris
and automatic gain control. In tests conducted
by California Polytechnic Institute at San Luis
Obispo, these systems were disabled.(*) In

still other VIPs, the signal processing is
tailored to take advantage of automatic light
control systems.

Using the same camera for automatic vehicle
detection with a VIP, and video surveillance
with pan, tilt, and zoom features requires the
camera to be repositioned for each applica-
tion. If the field of view is not returned to the
calibrated value for VIP operation, the
performance of the VIP is adversely affected.
it may be technically feasible, however, to
reposition the camera at previously estab-
lished VIP detection zones after it has been
panned, tilted, or zoomed to view an incident
location for verification and identification. In
this case, one camera can be used for both
applications. If the remote control of cameras
and their return to calibrated fields of view is
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Table 5-1. Video Image Processor Characteristics as Used in Upstream and
Downstream Viewing

Upstream Viewing

Downstream Viewing

¢ Headlight blooming and glare from wet
pavement

¢ More blockage from tall trucks

* With infrared imagery, there is no
difference in information obtained
from headlights or tail lights when a
tracking algorithm is used

® Traffic incidents are not blocked by
resulting traffic queues

*

Camera concealed from drivers

More information from tail lights
available for braking indication,
vehicle classification, and turning
movement identification

With visible imagery, more
information is available to a tracking
algorithm from tail light viewing

Easier to acquire vehicles that are
closer to the camera for the tracking
algorithm application

Camera
Mounting
Height

Vehicle
Height J G G,
—
Maximum
j-8————— Detection
Distance

ntervehicle gap is measured as the
horizontal distance projected from the
intersection of a ray, coming from the
camera, with the top of the front vehicle
and the botom of the rear vehicle

Figure 5-2. Video Image Processor Line-of-Sight Detection Geometry
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not feasible, then separate cameras may be
required to performautomated traffic data
collection and video surveillance. When two
cameras are used, a lower cost camera system
will generally suffice for the VIP mission as
the pan, tilt, and zoom features are not
required.

5.1.3 Signal Processing

The data reduction and image formatting are
performed with firmware that allows the
algorithms to run in real time. The data
reduction hardware is commonly implemented
on a single formatter card in a personal
computer. Once the data are digitized and
stored by the formatter, spatial and temporal
features are extracted from the vehicles in
each detection zone with a series of image
processing algorithms as illustrated in Figure
5-3. A detection process that establishes one
or more thresholds is used to limit and
segregate data passed on to the rest of the

algorithms. It is undesirable to severely
limit the number of potential vehicles during
detection, for once data are removed they
cannot be recovered. Therefore, false vehicle
detections are permitted at this stage since the
declaration of actual vehicles is not made at
the conclusion of detection processing.

Rather, algorithms contained in the steps still
to come are relied on to eliminate false
vehicles and retain the real ones.(5) Image
segmentation is used to divide the image area
into smaller regions where features can be
better recognized. The features are analyzed
to generate vehicle presence, speed, and
classification data. Alternatively, neural
networks can be trained to recognize and count
different classes of vehicles and detect
incidents.(®) Once individual vehicles are
identified, they can be tracked by applying
Kalman filter techniques. Tracking offers the
potential ability to warn of impending
incidents due to abrupt lane changes or
weaving.

Traffic
Under
Observation

Featre
Extraction |

Detection &
Classification

Image Digitization
& Storage

Image

Detection Segmentation

Tracking

Figure 5-3. Conceptual Vehicle Detection, Classification, and Tracking System

There are two algorithmic approaches
employed in image processors. In the first,
VIPs detect vehicles at a number of fixed
locations within the field of view of the
camera by having the operator use interactive
graphics to place the detection areas or zones.
The zones can be oriented perpendicular,
parallel, or at an oblique angle to the roadway
lanes. Ideally, a signal is generated when a
vehicle enters a detection zone. Some zone
orientations, such as those parallel to a lane,
were found to be less sensitive to vehicles
than zones perpendicular to the travel
direction. Newer software has apparently
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remedied this problem. Since a single camera
and VIP can provide detection zones across
several lanes, the VIP system can replace
many loops and provide wide-area vehicle
detection.

ViPs employing the second approach track
vehicles continuously through the field of
view of the camera. Multiple detections of the
vehicle along a track are used to validate the
detection. Once validated, the vehicle is
counted and its speed is measured.(?)
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The detection zone approach estimates vehicle
speed by using relatively closely spaced pairs
of zones to measure the time between the
signals generated by a vehicle traversing the
adjacent zones. This is similar in concept to
speed traps implemented with two inductive
loop detectors. The tracking algorithm
associates a series of detections with a vehicle
to predict its future position and to calculate
link travel times. The more advanced VIPs
that track individual vehicles can directly
calculate speed from the algorithm that tracks
the vehicles.

VIP algorithms have been improved to ignore
artifacts produced by shadows, illumination
changes, and reflections, and to minimize
effects of adverse weather. In addition, the
heavy congestion that degraded early VIPs does
not appear to present a problem to more
modern systems. Combined results for clear
and inclement weather show vehicle volume,
speed, and occupancy measurement accuracies
in excess of 95 percent using a single
detection zone.(8) VIPs with single detection
zones in a lane are useful for monitoring
traffic volumes on a freeway. For signalized
intersection control, where vehicle detection
accuracies of 100 percent are desired, the
number of detection zones in the field of view
is increased to between two and four,
dependent on the camera mounting and road
geometry.

5.2 MICROWAVE DETECTORS

The use of microwave radar for detecting
objects had its beginnings before and during
Word War ll. in fact, the word radar was
derived from the functions that it performs:
RAdio Detection And Ranging. The term
microwave refers to the wavelength of the
transmitted energy, usually between 1 and 30
cm corresponding to a frequency range of 1
GHz to 30 GHz. The prefix giga (G)
represents 109, Radar operating at
frequencies above 30 GHz is referred to as
millimeter-wave radar, again corresponding
to the wavelength of the transmitted energy.

Unlicensed operation of microwave detectors
for traffic data collection and monitoring is
fimited to frequencies in bands near 10.5 GHz
and 24.0 GHz under Part 15 of Federal
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Communications Commission (FCC)
regulations for microwave devices. Part
15.245 of the FCC rules for Field Disturbance
Sensors allows unlicensed operation at
frequency bands between 10.500 and 10.550
GHz and 24.075 and 24.175 GHz if the
electrical field strength 3 meters from the
transmitting antenna is 2.5 V/m or less. The
field strength of harmonics present in the
transmitted signal must be no greater than 25
mV/m at 3 meters distance. The signal must
also be at least 50 dB down from its in-band
value outside this band. Field disturbance
sensors cannot carry information in their
transmitted signal.

Part 15.209 of the FCC rules for general
radiation emissions allows transmission in
the 1- to 40-GHz frequency range if the field
strength is limited to 500 x 10°® V/m at 3
meters.

Licensed transmission in the 33.4- to 36.0-
GHz band is allowed under Part 90 FCC
regulations for local government radio
service. The output power is specified in the
authorization. Transmission is secondary to
U.S. government service. Both the manufac-
turer and the user need licenses. The
telephone number for the Gettysburg, PA, FCC
office that has jurisdiction for this service is
(717) 337-1212.

As shown in Figure 5-4, microwave detectors
transmit energy toward an area of roadway
from an antenna mounted overhead that
illuminates approaching or departing traffic,
or in a side-looking configuration that views
traffic across several lanes. When a vehicle
passes through the beam, a portion of the
transmitted energy is reflected back to the
antenna. The energy then enters a receiver
where the detection is made.

Microwave detectors currently used in traffic
applications transmit two types of waveforms.
The first is a continuous wave of electro-
magnetic energy whose frequency does not
change with time. A detector that uses this
waveform is capable of detecting only moving
vehicles. It measures the speed of vehicles in
its field of view using the Doppler principle.
Here the frequency of the received signal
differs from that of the transmitted signal f
by an amount fp equal to the Doppler
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frequency produced by the vehicle speed. The
frequency shift thus denotes the passage of a
vehicle. The relation between fp, f, and
vehicle speed vis

_ v

fD——C—fCOSB (5‘2)

where @is the angle between the direction of
propagation of radar energy and direction of

travel of the vehicle, and cis the speed of
light (3 x 108 m/s). If the vehicle is
traveling directly toward the detector, the
Doppler shift is maximum and positive in
value. At 10 GHz, the Doppler frequency shift
is approximately 30 Hz per statute mile per
hour of vehicle radial speed, which is
calculated as (v cos 8). Doppler detectors that
do not also include range measuring capability
cannot detect motionless vehicles.

Microwave
Detector

Sign bridge,
overpass,
pole, or mast
arm mounting
surface

Power and
data cables

N

Controller

-

Reflected signal from vehicle can be
used to determine presence, speed, or both,
depending on the type of microwave detector

Vehicle

Figure 5-4. Microwave Detector

The second waveform is sawtooth, also called
FMCW (frequency-modulated continuous
wave), in which the transmitted frequency is

constantly changing with respect to time, as
shown in Figure 5-5.

Freguency
‘ Transmitted
,,-\/Received
A}F_ fD W, ,/ ,/
~
e Time
tleTs  le—T < 1/f, —=

Figure 5-5. FMCW Waveform Parameters
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Since the FMCW radar measures the range to
the vehicle, it functions as a presence detector
and can detect motionless vehicles, Range Ris
proportional to the difference in the
frequency Af of the transmitter at the time t;
the signal is transmitted and the time t; at
which it is received, as shown by

caf

" TiFfm (5-3)
where
Af = instantaneous difference in fre-
quency, in Hz, of the trans-
mitter at the times the signal is
transmitted and received,
AF = RF modulation bandwidth in Hz,
and
fm = RF modulation rate in Hz.

Alternatively, the range may be calculated by
measuring the time difference T between
consecutive peaks in the transmitted and
received signals, as shown in Figure 5-5,
such that

R = cT/2 (5-4)
when the transmitter and receiver are
collocated.

The FMCW radar measures vehicle speed in
two ways. The first method is used when the
radar's field of view in the direction of
vehicle travel is divided into range bins as
shown in Figure 5-6(a). A range bin allows
the reflected signal to be partitioned and
identified from smaller regions than the
entire antenna footprint.

Speed v is calculated from the time difference
AT corresponding to the vehicle arriving at
the leading edges of two range bins a known
distance d apart as shown in Figure 5-6(b)
and is given by

qa

v= aT

(5-5)

where d= distance between leading edges of
the two range bins and
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AT = time difference corresponding to
the vehicle arrival at the leading
edge of each of the range bins.

The second method in which an FMCW radar
measures speed is through the Doppler shift
in frequency caused by the motion of a
vehicle.(®) Referring to Figure 5-5, the
instantaneous frequency difference between
the two curves when they have positive slopes
{upsweep) is given by

4AFfm R
c

5f, = -f (5-6)

and by

8fy

=@"'fu (5-7)

when they have negative slopes (down-
sweep). Equation 5-3 is still valid when
Doppler is present, as Af in equation 5-3
represents the average frequency difference
measured when the slopes are positive and
negative. The radial vehicle speed vz is

V= % (6fy - 6F,) or (5-8a)

Vo= % (6fy - 6F.) (5-8b)

where ¢ = Afand 1 is the wavelength of the
transmitted energy. If the radar is forward
looking, radial speed is equal to the vehicle
speed toward or away from the radar
multiplied by the cosine of the angle between
the direction of propagation of radar energy
and direction of travel of the vehicle.

To differentiate between multiple vehicles in
the radar footprint, an FMCW radar can be
designed with a three-segment waveform such
as the one in Figure 5-7. T represents the
time duration of each segment.

An independent measure of radial speed vy is
produced by the unmodulated horizontal
portion of the waveform where df/dt = 0. The
remainder of the frequency versus time curve
is identical to the linear FM discussed above.
Therefore, the differences in frequencies, 8fy
and &fy, between the transmitted and received
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waveforms are identical to those given above.
Since fp has already been found from the
unmodulated portion of the curve, §f, and &fy
can be used to find the unambiguous range and
speed of muitiple vehicles that appear in the

ra?aor)footprint as described in Appendix
D.(1

Range resolution SR of an FMCW radar is
(5-9)

Therefore, if the radar operates in the
10.500- to 10.550-GHz band where
bandwidth is limited to perhaps 45 MHz to
ensure that the field strength is down by 50
dB outside the band, the range resolution is, at
best, 3.3 m (10.8 ft).

Speed or Doppler resolution is given by

Afp=1/T, {5-10)
Presence-measuring radars can be used to
control left-turn signals and monitor traffic
queues. Radars that detect only moving
vehicles from their Doppler frequency can be
used to measure vehicular speed on both city
arterials and freeways.

5.3 INFRARED DETECTORS

Infrared detection devices currently marketed
consist of both active and passive models.
Detectors are available for overhead mounting
to view approaching or departing traffic or
traffic from a side-looking configuration. In
the active system, detection zones are
iHluminated with low-power infrared energy
supplied by light-emitting diodes (LEDs) or
with higher levels of energy supplied by laser
diodes. None of the LED type of infrared
detector was available for this study. The
infrared energy reflected from vehicles
traveling through the detection zone is focused
by an optical system onto a detector matrix
mounted on the focal plane of the optics. With
infrared devices, the word detector takes on a
new meaning, namely the energy-sensitive
element(s) that converts the refiected energy
intc electrical signals. Real-time signal pro-
cessing is used to analyze the received signals

and to determine the presence of a vehicle.
Changes in received signal levels caused by
environmental effects, such as weather and
shadows, can be accounted for by the signal
processing.

Active infrared detectors provide vehicle
presence at traffic signals, vehicle counting,
speed measurement, length assessment, and
queue measurement. Active infrared detectors
can be designed with different fields of view
when required for stop-line presence detec-
tion and for presence detection in the inter-
section approach (e.g., a detection zone 68 to
100 feet (20.7 to 30.5 m) in advance of the
stop line). The units accommodate mounting
heights of between 15 and 30 feet (4.6 to 9.1
m). Muitiple units can be installed at the
same intersection without interference from
transmitted or received signals.

Passive infrared detectors supply similar
traffic parameters except for speed. They use
an energy-sensitive element located at the
optical focal plane to measure the thermal
energy emitted by objects in the field of view
of the detector and do not transmit energy of
their own. The source of the emitted energy is
gray-body radiation due to the non-zero
temperature of emissive objects as illustrated
in Figure 5-8. When a vehicle enters the
field of view, the change in emitted energy
from the scene is used to detect the vehicle,

An equation can be written for the difference
in energy corresponding to a vehicle entering
the detector's field of view. The emissivity of
the vehicle and road surface in the wavelength
region of interest are denoted by sy and &g,
respectively, and their surface temperatures
in degrees kelvin by Ty and Tg. The apparent
temperature Tg of the vehicle, as sensed by
the passive infrared detector, is

Tg(6,0) = eyTy + (1 - &y) Tsky (5-11)

Tsky is a function of atmospheric and cosmic
emission. 8 and ¢ are the incident angle with
respect to nadir and the angle in the plane of
the road surface (the x-y plane),
respectively.

One can write a similar expression for the
apparent temperature of the road surface as
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Te(6,¢) = erTr + (1 - 2r) Tsky (5-12)
By subtracting the apparent temperature of
the vehicle from that of the road, one gets an
expression for the temperature difference
ATg{6,9) sensed by the passive infrared

detector when a vehicle passes through its
field of view. Thus,

ATg(8,¢) = (er-ey) (Tp- Tsky) (5-13)

when Tp= Ty.

Road surface with gg and Ty

@ Vehicle with ey and Ty

Figure 5-8. Emission of Energy by Vehicle and Road Surface

Hence, a vehicle generates a signal propor-
tional to the product of the difference in
emissivity between the road and the vehicle,
and the difference between the absolute
temperature of the road surface and the sky
temperature. On overcast, high humidity, and
rainy days, the sky temperature is greater
than on clear days and the signal produced by a
passing vehicle decreases. This, in itself,
may not pose a problem to a properly designed
passive infrared detector operating at the
longer wavelengths of the infrared spectrum,
especially at the relatively short operating
ranges typicat of traffic management
applications.

Another attribute of infrared devices is their
ability to image the scene of interest. Non-
imaging infrared devices typically use one
energy-sensitive detector on the focal plane to
gather energy from the entire scene. Objects
within the scene cannot be further divided
into sub-objects or pixels (picture elements)
with this device. Imaging sensors use staring
two-dimensional arrays of detectors for
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traffic-monitoring applications, where each
detector has a small instantaneous field of
view. Here, more than one detector gathers
energy from the scene, allowing details in the
imaged area to be discerned. In an alternate
method of obtaining imaging data, one-
dimensional arrays can be scanned over the
scene of interest.

Several disadvantages of infrared detectors
are often cited. With active devices,
atmospheric effects may cause scatter of the
transmitted beam and received energy. Glint
from sunlight may cause unwanted and
confusing signals. With respect to weather,
the amount of energy reaching the focal plane
is sensitive to water from fog, haze, and rain,
as well as to other obscurants such as smoke
and dust. In addition to scattering, these
environmental effects can absorb energy that
would otherwise be detected by both active and
passive infrared devices.
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5.4 ULTRASONIC DETECTORS

Ultrasonic vehicle detectors can be designed to
receive range and Doppler speed data, the
same information used by the radar detectors.
Ultrasonic detectors transmit sound waves, at
a selected frequency between 20 and 65 kHz,
from overhead transducers into an area
defined by the transmitter's beamwidth
pattern. A portion of the energy is backscat-
tered or reflected from the road surface or a
vehicle in the field of view. The preferred
viewing configurations for range-measuring
(presence) ultrasonic detectors are downward
(at a nadir incidence angle) and side viewing.
The speed-measuring ultrasonic detector is
forward-looking, facing approaching traffic.
The transducers in both the presence and
speed-measuring ultrasonic devices convert
the received sonic energy into electrical
energy that is fed to signal processing
electronics, either collocated with the
transducer or located in a roadside controlier.

The range-measuring detector transmits a
series of pulses of width Tp (typical values
range between 0.02 and 2.5 ms) and

repetition period T, (time between bursts of
pulses), typically 33 to 100 ms, as shown in
Figure 5-9. The detector measures the time
it takes for the pulse to arrive at the vehicle
and return to the transmitter. The receiver
is gated on and off with a user-adjustable
interval that helps to differentiate between
pulses reflected from the road surface and
those reflected from vehicles. The detection
gate is usually set to allow detection of an
object at a distance greater than
approximately 0.5 m above the road surface.
This is accomplished by closing the detection
gate several milliseconds before the reflected
signal from the road surface arrives at the
detector. Automatic pulse repetition
frequency control is used to reduce effects of
multiple reflections and to improve the
detection of high-speed vehicles. These goals
are met by making the pulse repetition period
as short as possible by transmitting the next
pulse immediately after the reflected signal
from the road is received.(11) A hold time Th
{composite values from manufacturers range
from 115 ms to 10 s) is built into the
detectors to enhance presence detection,

Rt
I m m m m
Transmitted Ultrasonic Pulses
B
Detection Gate
—
I | ] |
Reflected Pulses I |Tn HTII IT” l |Tn | rm
il | 1 L
MY
l from | [
| Vehicle | Froi’n Road Surface [
| | | I
Hold ‘Time | I.‘ J TPL// }H I
(Used for vehicle presence) | | | ]
| | | |

Figure 5-9. Operation of Range-Measuring Ultrasonic Detector
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The speed (Doppler) measuring detector
transmits a continuous wave of ultrasonic
energy. It detects the passage of a vehicle by a
shift in the frequency of the received signal.
Vehicle speed can be calculated from the pulse
width of an internal signal, generated by the
detector's electronics, that is proportional to
the speed of the detected vehicle,

5.5 PASSIVE ACOUSTIC DETECTOR
ARRAYS

Vehicular traffic produces acoustic energy or
audible sounds from a variety of sources
within each vehicle and from the interaction
of the vehicle's tires with the road. Although
unintentional, the radiated sound acts as a
beacon signal containing information that can
be extracted by roadside acoustic energy
detectors.

Arrays of passive acoustic microphones
provide spatial directivity from which sounds
are continuously detected and processed from
a specific location along the highway. Sounds
from locations outside the detection zone are
rejected or attenuated. The size and shape of
the detection zone are determined by the
aperture size, processing frequency band, and
installation geometry of the acoustic array.

When a vehicle passes through the detection
zone, an increase in sound energy is detected
by the signal processing algorithm and a
vehicle presence signal is generated. When
the vehicle leaves the detection zone, the
sound energy level drops below the detection
threshold and the vehicle presence signal is
terminated. Passive acoustic arrays can
replace magnetic induction loops by providing
vehicle presence outputs in the form of
contact closures. Using this input, a traffic
signal controller can calculate various traffic
flow measures, such as volume, occupancy,
and average speed.

5.6 INDUCTIVE LOOP DETECTORS

The data supplied by inductive loop detectors
are vehicle passage, presence, count, and
occupancy. The principal components of an
inductive loop detector are one or more turns
of insulated wire buried in a shallow cutout in

the roadway, a lead-in cable which runs from
a roadside pull box to the controller, and an
electronics unit located in the controller
cabinet. The wire loop is excited with a signal
ranging in frequency from 10 kHz to 200 kHz
and functions as an inductive element in
conjunction with the electronics unit. When a
vehicle stops on or passes over the loop, its
inductance is decreased. The decreased induc-
tance increases the oscillation frequency and
causes the electronics unit to send a pulse to
the controller, indicating the presence or
passage of a vehicle.

The introduction of digital signal processors
has allowed more reliable, accurate, and
precise measurement of the change in
oscillation frequency or period associated
with the loop output that is produced when a
vehicle passes over the loop. The improved
capability of the detector, in turn, has
increased the accuracy of the presence, count,
arid occupancy measurements. The data
processed in the electronics unit can be either
the changes in frequency or period that are
measured, or the ratio of the change toits
initial value.(12) The processing techniques
are called:

e Digital frequency shift,

¢ Digital ratio frequency shift,
e Digital period shift, and

e Digital ratio period shift.

The inductive loop detector represents a
mature technology. Reliability of the loop has
been improved through better packaging and
installation techniques. These include
delivery of loops already encased by the
manufacturer in protective materials, more
thorough cleaning of debris from the sawcut,
and the use of better sealants in the
installation process.

The output of most current inductive loop
detectors is a simple relay or semiconductor
closure, signifying the presence or absence of
a vehicle. In advanced detector processing
systems, some vebhicle classification and fault
detection can be performed by digitizing the
detector output and feeding it to a micro-
processor containing embedded signal proces-
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sing algorithms. These match the detector
output to stored signatures for specific
vehicle types or fault conditions. Digital
codes can be output to identify the type of
vehicle detected or report detection faults to a
central processing unit.

[n the past two decades, loop detector
technology has become the most widely used
and accepted traffic detector technology in
America today. The loop detector system,
however, may still suffer from poor
reliability, primarily from improper
connections made in the pull boxes and in the
application of sealants over the sawcut. These
problems are accentuated when loops are
installed in poor pavement or in areas where
utilities frequently dig up the roadbed,
Reliability can be improved by installing
loops using newer procedures and loop wire
protective enclosures developed by manufac-
turers and user agencies. Improved traffic
system operation can be obtained by holding
daily loop status meetings at which the
malfunctioning loop detector locations are
identified and repair teams are dispatched.
Another disadvantage of loops is their
inability to directly measure speed. If speed
is required, then a two-loop speed trap is
employed or an algorithm involving loop
length, average vehicle length, time over the
detector, and number of vehicles counted is
used with a single loop detector.

5.7 MAGNETIC DETECTORS

Magnetic detectors indicate the presence of a
metallic object by the disruption it causes in
an induced or natural magnetic field. These
detectors may be active devices, as with
magnetometers, or passive devices, as with
magnetic detectors. An example of a magneto-
meter is the 1-inch (25.4-mm) diameter by
4-inch (101.6-mm) long (approximate)
detector that is buried about 12 to 18 inches
(304.8 to 457.2 mm) below the surface of a
road. Two types of passive magnetic detectors
exist. One is subsurface-mounted and the
other is mounted flush with the roadway. The
primary use of magnetic anomaly detectors is
to supplement or enhance data from other
types of traffic detectors, although they are
sometimes used in stand-alone applications.

5.7.1 Magnetometers

Magnetometers are active devices, excited
with an electrical current in windings around
a magnetic core material. They measure the
passage of a vehicle when operated in the
pulse output mode and give a continuous
output as long as a vehicle occupies the zone of
detection when operated in the presence mode.
They are used where point or small-area
location of a vehicle is required, such as on
bridge decks and viaducts where inductive
loops are disrupted by the steel support
structure or can weaken the existing
structure.

The Self-Powered Vehicle Detector (SPVD),
developed with FHWA support, is a magneto-
meter detector with a self-contained battery
and transmitter that broadcasts passage or
presence information to a receiver that can be
located remotely in a controller cabinet. A
direct connection (lead-in cable) is not
required. An antenna is built into the housing
that encloses the magnetometer electronics
and battery. The current SPVD model fits into
a cylindrical hole 6 inches (152.4 mm) in
diameter and 22 inches {558.8 mm) deep.
Most of the volume is occupied by the battery.
SPVDs have applications where temporary
installations are needed or where they can be
easily mounted under bridges or viaducts.
Their suitability for permanent installation
is a function of traffic volume and battery
type. Telemetry-based traffic counters can
also use spread-spectrum transmission to
broadcast vehicle-count data to a receiver
that can be located several miles away from
the detector.

5.7.2 Passive Magnetic Detectors

Passive magnetic detectors sense perturba-
tions in the Earth's magnetic flux produced
when a vehicle passes over the detection zone.
They require some minimum vehicle speed for
detection, usually 3 to 5 mi/h (4.8 to 8.0
km/h) and, hence, cannot be used as a
presence detector.

The two types of passive magnetic detectors
differ only in their installation and size. One
type is installed by tunneling under the
roadway and inserting it into non-ferrous
conduit. The other type is installed flush with
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the pavement. The first is 2 inches (50.8
mm) in diameter by 20 inches (508.0 mm)
long. The second is approximately 3 inches by
5 inches by 20 inches long (76.2 mm by
127.0 mm by 508.0 mm long}, encased in a
cast aluminum housing and flush-mounted
with the road surface. Passive magnetic
detectors are responsive to flux changes over
a large area, covering up to three lanes. If the
lanes are considerably wider than 12 feet
(3.7 m), several detectors may be required to
get a response from small vehicles and
motorcycles.

5.7.3 Selection Criteria and Future
Trends

The criteria for selecting a magnetic sensor
include the desired occupancy and traffic flow
accuracy, detector sensitivity, output data
rate, minimum required vehicle speed, and
cost.

The infusion of new digital processing tech-
nology in the area of magnetic anomaly
detection promises to significantly improve
the performance of existing magnetic
detectors, justifying a reassessment of their
supplementary role in vehicle detection. In
addition, the ability to assemble a group of
magnetometers into an array sharing a
common signal processor promises the ability
to locate, track, and classify vehicles in a
multilane scenario using a row of above-
ground detectors.

5.8 RELATIVE COST OF DETECTORS

A satisfactory cost comparison between
various detector technologies can only be made
when the specific application is known. For
example, a relatively inexpensive ultrasonic,
microwave, or passive infrared detector may
seem to be the low-cost choice at first glance
for instrumenting a surface-street
intersection if inductive loop detectors are not
desired. But when the number of detectors
needed is taken into account along with the
limited amount of directly measured data that
may be available (e.g., speed is not measured
directly by a passive infrared detector), a
more expensive detector such as a video image
processor may be the better choice. For
example, if it requires 12 to 16 conventional

inductive loop detectors (or ultrasonic,
microwave, or infrared, etc. detectors) to
fully instrument an intersection, the cost
becomes comparable to that of a VIP,
Furthermore, the additional traffic data and
visual information made available by the VIP
may more than offset any remaining cost
difference. In this example, the VIP is
assumed to meet the other requirements of the
application, such as the desired 100 percent
detection of vehicles at the intersection.

Similar arguments can be made for freeway
applications using multiple detectors and
requiring information not always available
from the less expensive detectors.

Still other applications, such as simple
monitoring of multilane freeway or
surface-street vehicle presence and speed,
may be performed by two microwave radars
mounted in a side-looking configuration. In
this case, the radar detectors replace a
greater number of loops that would otherwise
need to be installed in the travel [anes.
Furthermore, the radar poten-tially provides
direct measurement of speed at a greater
accuracy than provided by the loops.

Other factors that affect the cost and selection
of detectors are the maturation of the designs
and manufacturing processes for detectors
that use the newer technologies, the
attainment of reduced prices through quantity
buys, and the availability of mounting
locations and communications links at the
application site.

5.9 AUTOMATIC VEHICLE
IDENTIFICATION

Automatic vehicle identification (AVI) aids
automated toll collection in many applications
in North America, Europe, and Asia. Vehicles
equipped with AVI transponders are used to
determine travel times between fixed points
as the vehicles move across a roadway
network. As electronic toll collection
continues to increase, the large universe of
equipped vehicles will produce a secondary
benefit by enabling automated measurements
of travel time and congestion.
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In the New York/New Jersey region, the
TRANSCOM program uses AVI observations
to track individual vehicles for real-time
measurement of travel time. The
transponder-equipped vehicles are identified
by AVI readers along the roadway. The data
are used to determine speed and travel times
for incident and congestion management.

Merging this technology with a beacon system
can provide true two-way communication
with the vehicle. With this capability, real-
time traffic data such as origin-destination
pairs, travel time, and spot speeds can be
collected from the vehicle, while the driver

obtains motorist information such as
congestion delays, parking availability, and
alternative route choices. There are a

number of projects being conducted in the
Commercial Vehicle Operations sector of IVHS
that anticipate the use of Automated Vehicle
identification, Automated Vehicle Location, and
Automated Vehicle Classification for fleet
operations and regulatory uses. These include
the HELP (Heavy Electronic License
Plate)/Crescent Project and the Advantage
I-75 Project which promise reductions in the
time it takes freight to move across the
participating regions of the United States and
Canada.
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6. TASK C SUMMARY
DEVELOP VEHICLE DETECTOR LABORATORY TEST SPECIFICATIONS
AND LABORATORY TEST PLAN

A,
e e

6.1 LABORATORY TEST
SPECIFICATIONS FOR VEHICLE
DETECTORS

This section reviews the performance
specifications and presents a test plan for
state-of-the-art, above-the-road detectors
that were evaluated in the laboratory tests
conducted at the Hughes Aircraft Company,
Fullerton, CA, facility and in the City of Los
Angeles. These include ultrasonic, micro-
wave, active infrared, passive infrared, and
video image processors (VIPs). Although VIPs
were not evaluated during the laboratory tests
because they were not made available by the
manufacturers at that time, they were later
included in the field evaluations. The purposes
of the laboratory tests were to have Hughes
verify the performance of the detectors, with
manufacturer assistance where needed, before
field deployment and to train Hughes
personnel in installing and operating the
detectors.

6.1.1 Ultrasonic Detectors

Presence-only and speed-measuring ultra-
sonic detectors are currently manufactured.
These enable direct measurements of vehicle
presence, occupancy, and speed (depending on
the detector type) to be made.

The following are the current performance
characteristics of ultrasonic detectors.( 1,2.3)

1. Detectable objects. Detect subcom-
pact cars and larger vehicles. Future
applications will require detection of
motorcycles and bicycles as well.

2. Waveform. Presence-measuring
ultrasonic detectors transmit a pulse
waveform, while speed (Doppler)-
measuring detectors use continuous
wave (CW).

3. Frequency. The frequencies trans-
mitted are between 25 kHz and 50
kHz, depending on the manufacturer
and model.
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4. Beamwidth. The beamwidth is de-

signed to detect vehicles in single
lanes. The upper limit to the
beamwidth and sidelobe levels is
driven by the requirement to reject
vehicles in adjacent lanes. The lower
limit is driven by the need to detect
lane straddlers. The beamwidth is
thus a function of vehicle width, lane
width, transducer sidelobes, and
mounting height. Typical beamwidths
establish patterns on the road surface
that are 4 feet (1.2 m) wide at the
specified mounting height.

Speed measurement range. Speed-
measuring ultrasonic detectors
presently respond to vehicles
traveling between 2.5 and 75 mi/h
(4.0 and 120.7 km/h).

Speed measurement accuracy. Two
types of vehicle speed are required:
microscopic or spot vehicle speed and
macroscopic or composite speed of a
group of vehicles. Required accuracy
for microscopic speed measurements
is between 3 and 5 percent for
signalized intersection applications
and £1 mi/h (1.6 km/h) for
microscopic and macroscopic freeway
incident detection applications.

Minimum distance between vehicles.
Current detectors will detect two
separate vehicles when they are 1.5
to 10 meters apart, depending on
detector design and speed of the
vehicle.

Detection Range. The required detec-
tion range is 8 to 20 meters for
vehicle counting, occupancy, and
speed measurements. Ultrasonic
detectors may not be suitable for
longer range surveillance applica-
tions as may be required for freeway
incident detection,

Installation configuration. Both
overhead and side-looking operations
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10.

are accommodated within the
performance limits discussed above.

Power requirements. Must meet
NEMA and Type 170 controller
standards. These are 120 VAC, 60
Hz, with current draw not to exceed
the capacity of the particular
controller and installation. Some
controllers have DC voltage avail-
able; however, the voltage and
current availability vary and must be
confirmed with the operating agency.

6.1.2 Microwave Detectors

response time is also defined for the
time required by the detector to drop
an output when the vehicle leaves the
field of regard. The response time of
current modeis is <0.3 seconds. The
upper limit may be unacceptable for
counting high-speed vehicles in
high-density traffic.

Hold time. Detector hold times are
designed to eliminate dropout of
vehicle detections as may occur when
towing vehicles with long tongue
couplings. A hold time retains vehicle
presence during a potential dropout
period until new data are received and

averaged into the next vehicle
presence or velocity calculation.
Current detection hold times vary
with the application, ranging from

By appropriate processing of the information
in the received energy, direct measurements
of vehicie presence, occupancy, and speed
(depending on detector capabhility) can be

obtained. continuous for Doppler detectors to 1
second for detectors that respond to

Current performance characteristics vehicle presence.

include: (4

1.

Detectable objects. Detectors sense
subcompact cars and larger motorized
vehicles. It is desirable to detect
motorcycles and bicycles as well.

Mounting configuration. Microwave
detectors are mounted above the
roadway in forward-looking, rear-
looking, and side-looking
configurations.

2. Detection pattern. The antenna Speed measurement range. The
pattern may be designed to illuminate minimum vehicle speed measured is
single or multiple traffic lanes. Some approximately 3 mi/h (4.8 km/h)
multiple-lane applications, such as for Doppler motion detectors and the
vehicle counting, require signal maximum is 65 mi/h {104.6 km/h)
processing to differentiate between to greater than 85 mi/h (136.8
vehicles detected in the different km/h), depending on the model. True
lanes. If designed for intersection presence microwave detectors can
traffic management, single-lane detect stopped vehicles.
coverage is required for measurement
of left-turn lane occupancy. Speed measurement accuracy. Two
Multiple-lane coverage may be types of vehicle speed measurement
acceptable for detecting through-lane are required: microscopic or spot
occupancy. vehicle speed and macroscopic or

composite speed of a group of

3. Detection angle. Microwave detector vehicles. Required accuracy for
incidence angles can be adjusted in microscopic speed measurements is
both the azimuth and elevation planes. +3 to 5 percent for signalized

intersection applications and +1 mi/h

4. Response time. The response time is (£1.6 km/h) for microscopic and

defined as the time for an input,
generated by a vehicle in the field of
regard, to be processed by the
detector and registered as an output in
the form of a presence, count, or
other appropriate indication. A
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macroscopic freeway incident
detection applications. Current
microwave Doppler detectors
measure speed within £2 to 3 mi/h
(£3.2 to 4.8 km/h). One true
presence microwave radar specifies
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its speed measurement accuracy at
+10 percent,

9. Power requirements. Must meet
NEMA and Type 170 controller
standards. These are 120 VAC, 60
Hz, with-current draw not to exceed
the capacity of the particular
controller and installation. Some
controllers have DC voltage avail-
able; however, the voltage and
current availability vary and must be
confirmed with the operating agency.

10. FCC approval. The operator does not
need FCC approval as the manufac-
turer has obtained this and has
marked the radar with the proper
identifier, e.g., meets requirements
of FCC Rules, Part 15. These rules
specify the center frequency,
bandwidth, and output power of the
radar.

6.1.3 Active Infrared Detectors

Active infrared (IR) detectors transmit a

beam of light and detect a portion of it that is
reflected back to the detector by the objects in
the field of view. They provide presence,
speed, count, and occupancy data in day and
night operation. When a laser diode is used as
the transmitting energy source, the detector
can also provide vehicle profile and shape

data, and, hence, be used for vehicle
classification.

Specifications for the IR detector that uses a
laser diode as the active transmitting element
are:(5,6)

1. Detection indication. In addition to
using LEDs as potential transmitters
of infrared energy, high-intensity
LEDs are also used as indicators of the
output state of the detector, i.e., to
alert the operator as to whether there
is a vehicle in the field of view of the
detector.

2. Detection pattern. The footprint on
the road surface should emulate a
1.8-m x 1.8-m (6-ft x 6-ft) loop at
a range of 9.2 m (30 ft) for
signalized intersection control and
freeway incident detection. It is also
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desirable to emulate a 4.3-m x

1.8-m (14-ft x 6-ft) loop and have

a detection range of over 15.2 m (50
ft) for signalized intersection control
and freeway ramp-metering
applications.

Warmup time. The detector is
operational within 10 seconds after
application of power.

Stability. The detector must respond
only to changes in scene reflectivity.
Atmospheric effects, such as those
caused by clouds shadowing the field
of regard, shall not produce false
vehicle detections in excess of those
allowed for a particular IVHS
application.

Response time. The response time is
defined as the time for an input,
generated by a vehicle in the field of
regard, to be processed by the
detector and registered as an output in
the form of a presence, count, or
other appropriate indication. A
response time is also defined for the
time required by the detector to drop
an output when the vehicle leaves the
field of regard. The response time of
laser diode type IR detectors is ~10
ms when a vehicle enters or leaves
the field of regard.

Presence hold time. IR detectors
using laser diode transmitters hold
the presence for as long as a vehicle
is in the field of view. This
specification can be tailored, how-
ever, to meet individual operations
requirements of the cognizant agency.

. Speed measurement range. Current-

ly available detectors measure speeds
between 0 and >80 mi/h (128.7
km/h).

Speed measurement accuracy. The
calculated accuracy for vehicle speed
measurement is #1 mi/h (£1.6
km/h) up to 70 mi/h (112.7 km/h).

. Detection range. The vehicle detec-

tion range is 1.5 to 15 meters.
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10. Power requirements. Must meet
NEMA and Type 170 controller
standards. These are 120 VAC, 60
Hz, with current draw not to exceed
the capacity of the particular
controfler and installation. Some
controllers have DC voltage avail-
able; however, the voltage and
current availability vary and must be
confirmed with the operating agency.

6.1.4 Passive Infrared Detectors

Passive infrared detectors sense objects
through the energy that they emit. The
detectors currently on the market usually
have a single detector element that provides
signals giving vehicle presence, occupancy,
and count.

Characteristics of current passive infrared
detectors include: ()

1. Presence hold time. The presence
signal is held as long as a vehicle
remains in the field of view of the
detector, up to 6 minutes maximum.
This parameter can be designed to
have other values as required.

2. Response time. Response times of
current detectors are a maximum of
500 ms.

3. Speed measurement range. State-of-
the-art passive infrared detectors
detect stopped vehicles and those
traveling at freeway speeds.

4. Stability. For the scene under
observation, the detector must
respond only to changes in the
temperature and emissivity of the
vehicles which are to be detected.
Atmospheric effects, such as those
caused by clouds shadowing the field
of regard or rain-induced cooling of
the background, shall not produce
false vehicle detections in excess of
those allowed for a particular IVHS
application.

5. Sensitivity. An operator-controlled
sensitivity adjustment may be
required to give adequate dynamic
range to detect vehicles under the

anticipated weather conditions. The
sensitivity must allow operaticn
without continually changing settings
to accommodate changing input levels
due to varying climatic conditions.

6. Detection range. The vehicle detec-
tion range is 6.4 to 15 meters.

7. Power requirements. Must meet
NEMA and Type 170 controller
standards. These are 120 VAC, 60
Hz, with current draw not to exceed
the capacity of the particular
controller and installation. Some
controllers have DC voltage avail-
able; however, the voltage and
current availability vary and must be
confirmed with the operating agency.

6.1.5 Video Image Processors

A video image processor is a combination of
software and hardware components that
extract desired information from the output of
an imaging sensor, such as a conventional TV
camera or an infrared camera. The
combination of imaging hardware, processor,
and software forms a VIP detector.

The following represent current VIP
specifications.(8:9)

1. Detectable objects. Current VIPs
sense motorcycles, subcompact cars,
and larger motorized vehicles.

2. Number of lanes observed. Current
systems provide vehicle data over at
least three lanes. It is desirable to
extend the coverage to the equivalent
of five lanes in order to monitor
emergency areas (such as highway
shoulders), ramps for freeway
applications, higher capacity
freeways that have additional
through-lanes, and multiple-lane
surface-street intersections.

3. Speed measurement range. VIP
detectors are capable of measuring
speeds between 0 and 160 mi/h
(257.5 km/h).

4. Speed measurement accuracy. Two
types of vehicle speed measurement
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are required: microscopic or spot
vehicle speed, and macroscopic or
composite speed of a group of
vehicles. Required accuracy for
microscopic speed measurements is
13 to 5 percent for signalized
intersection applications and £1 mi/h
(1.6 km/h) for microscopic and
macroscopic freeway incident
detection applications.

Vehicle count accuracy. Counts are
generally accurate to within £5
percent.

Minimum distance between vehicles.
VIP detectors are required to detect
vehicles separated by 1/3 to 2/3 of a
meter (1 to 2 feet) for the city
arterial application. [n freeway
applications, the intervehicle spacing
may be different {e.g., 10 to 30 m)
depending on the comfort time of the
driver (the time required or
anticipated by the driver to stop the
vehicle) and traffic congestion. In
fact, in heavy congestion, the
minimum vehicle separation may be
the same as on an arterial. The
maximum detection distance of a VIP
along the surface of aroad is a
function of mounting height, inter-
vehicle distance or gap, and vehicle
height as described in Section 5.

Detection Range. The detection range
is 8 meters to 20 meters for
applications requiring traffic data
close to the mounting location, and a
minimum of 32 meters (300 feet)

for adaptive, real-time signal control
at city intersections and for freeway
incident detection and traffic
management.

Power requirements. Must meet

NEMA and Type 170 controller
standards. These are 120 VAC, 60
Hz, and current draw not to exceed the
capacity of the particular controller
and installation. Some controllers
have DC voltage available: however,
the voltage and current avaitability
vary and must be confirmed with the
operating agency.
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9. Operator intervention requirements.
The detector shall function without
operator adjustments during setup or
normal operation to account for:

a. Day-night transitions.

Shadows on the roadway.

c. Reflections from vehicles or
pavement during rain.

d. Weather changes.

The following conditions do require
operator intervention:

e. Repositioning the field of view.
f. Initialization.

g. Resetting the vehicle detec-
tion zone.

6.1.6 Inductive Loop Detectors

The specifications for the inductive loop
detector amplifier models actually used in
tests coordinated with the City of Los Angeles
Department of Transportation and the state

© transportation departments supporting the

field tests are included in Appendix G. Catalog
pages were provided in the Task D Report.

6.1.7 Magnetometers

The specifications for the models actually used
in tests coordinated with the City of Los
Angeles Department of Transportation and the
state transportation departments supporting
the field tests are included in the Task D
Report.
6.1.8 Interface, Cost, and
Environmental Requirements

The following requirements apply to all of the
detectors.

1. Communications data rates.

a. Video imagery:

A maximum of 128 KB/s (112 KB/s
desirable) shall be used for imagery
transmission with a VSAT
communications link. Bandwidth may
also be limited by the capacity of
available leased lines or spread-
spectrum radio channels.
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b. Detector status data: c. Detector mounting height of 17
feet (5.2 m) is compatible with

(M Urban application: 88 all utility poles.

bytes/30 s from each

Intersection. d. Traffic lanes are 10 to 12 feet
(2) Freeways: 250 bytes/30 s (3.0 to 3.7 m) wide.
from each site. -
(3) Identification and location of e. Parking lane (lane nearest curb)
each vehicle equipped with a is 17 feet (5.2 m) wide.

sensor/radio: 30 bytes/30 s. o
f. Setback of traffic light from

curb is 2 feet (0.6 m).

2. Cost.
a. Must be competitive with the life- g. Number of lanes to be monitored
cycle cost of multiple inductive is one, two, or three.
loop detectors as used in the
desired application. 4. Interfaces.
I . . The interfaces depend on whether the test
b. Periodic maintenance is accept- site uses a Type 170 or NEMA controller.
able. The time interval between The specific controller specification shall
maintenance operations should be be used to define the interface between
as large as p055|ble'. A 2-month the detector, amplifier, and controller.
interval may be satisfactory for General information about the amplifier/
some applications. Malntenla‘nce controller interface is given below.
requirements should be verified by
consultation with the end a. Type 170 controller:( 10)
customer.
(1) 6800 microprocessor-
3. Mounting configuration for city based.
arterial application. (2) Cards are 6-1/2 inches by
4 inches (165.1 mm by
The following are preliminary guidelines 101.6 mm).

for mounti tectors:
ing de (3) Contact closure needed from

a. Desirable to accommodate side detector.
mounting from a light pole or (4) Input/output lines typical-
other utility pole. Detector ly available are: £24 volts,
should also be capable of being reset, two pair field
mounted at an intersection (on connections, two pair
traffic light support pole) and controller connections.
looking 83 to 167 meters (250
to 500 feet) back toward b. NEMA controllers: Some use an
oncoming traffic. 8085, 8-bit processor. Use

NEMA Pub. TS-1 for detailed

b. Desirable for detectors to sense interface specifications.
vehicles in multiple lanes to
minimize the number of detec- 5. Voltage.
tors needed to view the roadway. Per Type 170 and NEMA controller

Utilization of a fish-eye lens to
scan an intersection may help
achieve this result with VIPs.
(These comments also apply to
freeway use of detectors.)

specifications.

6-6



Develop Vehicle Detector Laboratory Test Specifications and Laboratory Test Plan

6. Temperature.

The outside temperature extremes for the
detectors are determined from the
following considerations:

The NEMA range for outside ambient
temperature extremes is -30°F (-34°C)
to +165°F (+74°C).(1 ) Some
application sites may require the full
military specification temperature range
of -30°C to +125°C; however, colder
states such as Minnesota may require
designs that accommodate lower minimum
outside operating temperatures. Heaters
in weatherproof enclosures may be
needed to control the operating
environment of the electronic and
mechanical components. Conversely,
agencies operating in desert
environments may require components
capable of operating at higher outside
temperatures. Here coolers or fans may
be needed in the enclosures.

7. Humidity,

The detectors shall be designed to operate
under conditions where the relative
humidity complies with Table 2-1 of the
NEMA Pub. TS-1 (1989) for Traffic
Control Systems,

8. Lightning protection.

Lightning protection is recommended for
all types of detectors.

9. Vibration and shock.

Vibration and shock hardening are needed
to withstand swinging from poles during
high winds and earthquakes. The

following NEMA standards may have to be
improved to meet these goals. Also, some
detectors, such as nonimaging IR and
ultrasound, work best when they do not
swing.

a. The NEMA vibration standard
[paragraph 2.2.5 of TS-1
(1989)] requires the detector to
maintain all of its functions and
physical integrity when subjected
to a vibration of 5 to 30 cycles/s
up to 0.59 applied in each of three
mutually perpendicular planes.
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b. The NEMA shock standard [para-
graph 2.2.6 of TS-1 (1989)]
specifies that the detector shall
suffer neither permanent
mechanical deformation nor any
damage that renders the unit
inoperable when subjected to a
shock of 10g’s + 1g applied in each
of three mutually perpendicular
planes.

10. Electromagnetic energy health
hazard.

The detector shall present no health
hazard from emitted radiation. As a
minimurm, use current standards set by
professional organizations and
government agencies for safe levels of
microwave and electromagnetic radiation
power densities. The current standard is
<1 mW/cm? (10 W/m?2 ) for indefinitely
prolonged exposure. A factor of 10 less
exposure may be desirable for large-
scale public applications to further
reduce anxiety in the public,

11. Other operating
conditions.

Use NEMA Publication TS-1 (1989) as a
guide.

and storage

12. Vendor notification of extreme field
test conditions.

The vendors will be notified of the antici-
pated outside temperature, humidity,
wind, and vibration levels at each field
test site, and will be required to make
recommendations for proper operation of
their detectors.

6.1.9 Summary

Table 6-1 compares the ability of the various
overhead-mounted detector technologies to
provide key traffic parameters such as
presence, occupancy, flow, and speed on single
and multilane roads. However, all detectors
based on a given technology may not provide
all of these parameters. The data available
are a function of how the technology was
implemented and the requirements set by the
manufacturer or the transportation agency
for measuring and transmitting particular
data.
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Table 6-1. General Qualitative Capabilities of Current Detector Technologies

Detector Presence Occupancy Volume Speed Multilane
Technology Coverage
. . . . Direct &
Ultrasonic Direct Direct Direct Indirect No
Microwave Direct Direct Direct Direct Direct
Active . . . Direct & .
Infrared Direct Direct Direct Indirect Direct
Passive . , . .
infrared Direct Direct Direct indirect No
Video Image . . . . .
Processor Direct Direct Direct Direct Direct
Key: Direct = Via direct measurement of data
Indirect = Via calculations based on measured data
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6.2 LABORATORY TEST PLAN

The laboratory test plan and equipment were
used to confirm the performance of the
overhead-mounted traffic detectors described
in Section 1. These detectors were previously
tested by the manufacturer before delivery to
Hughes. Therefore, the tests described below
are in the nature of end-to-end system
evaluation tests that confirm proper detector
operation, rather than more detailed tests that
evaluate the performance of subsystems
within each detector.

The specific objectives of these tests were:

Q Verify that detector operation con-
forms to vendor specifications.

® The specifications measured under
this objective are those that do not
require the use of special
manufacturer-specific test
equipment, unless it is normally
supplied with the detector.

¢ The intent of these tests is not to
confirm all manufacturer speci-
fications, but rather to verify
those most critical to detector
operation for the state field tests.
Those specifications not directly
verified at Hughes will be
confirmed using manufacturer
test data and reports.

0 Identify and measure other detector
performance characteristics that
affect traffic parameter values.

6.2.1 Ultrasonic Detectors

The ultrasonic detector test procedures for
vehicle presence and speed detectors are based
on information obtained from the detector
vendors.

The first three tests and measurements below
apply to Sumitomo detectors,(12)

1. Transmit frequency and output power
of the presence detector.
a. With the Sumitomo ultrasonic
presence detector, the measure-

ment of transmit frequency and
output power is performed by
connecting the transmitter-
receiver to the input/output
(1/Q) terminal of the detector
cabinet. Other manufacturers'
equipment may require the use of
transducers (i.e., special
microphones) to convert the
transmitted ultrasonic energy
into electrical energy in order to
perform these measurements.
b. The ultrasonic transmit fre-
quency and peak output power
will be within the tolerances
specified by the vendor.

2. Field of view (FOV) of the presence

detector.

a. The Sumitomo ultrasonic trans-
mitter-receiver feeder will be
connected to the I/0 terminal of
the detector cabinet. A cylinder
will be placed in front of the
transmitter-receiver as a
standard reflection object,
simulating a vehicle. The
cylinder is approximately 0.2 m
in diameter and 2 m in length.
The distance between the
cylinder and the transmitter-
receiver is approximately 5 m.

b. The measured FOV will be 1.2 m
£0.12 m (i.e., £10 percent) and
the detection lamp on the detector
cabinet will be on when the
cylinder is within the FOV of the
detector.

3. Speed measurement accuracy of the

speed detector.

This test measures the Doppler fre-
quency shift and the received signal
amplitude using the transmitter-
receiver of the ultrasonic speed
detector.

a. Connect the ultrasonic receiver
cable to the input/output (1/0)
terminal of the detector cabinet.
A pinwheel type of reflector will
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b.

be placed in front of the
transmitter-receiver as a
standard reflection object to
simulate the return from a
vehicle. The reflector's turning
fins simulate vehicle movement.
The distance between the reflec-
tor and the transmitter-receiver
will be about 2 m.

The received amplitude and
frequency of the Doppler signal
will be measured at the detector
unit and verified to be within the
range prescribed by the vendor.

The following end-to-end operational test
applies to the ultrasonic detectors built by
Microwave Sensors.( 13)

4. End-to-end operational test.

a.

Test equipment.

(1) Square reflector target at
least 6 inches (152.4 mm)
on a side.

(2) 10 to 24 VvDC, 0.15-amp
{min) power supply.

b.  Operational test.

(1) Remove the enclosure
cover.

(2) Connect power supply.

(3) Place square reflector 3
feet (0.9 m) from
transmitter.

(4) Turn transmitter on after
equipment warm-up time
has elapsed.

(5) Verify that appropriate
LED indicator is on.

5. Range test.

4.

Objectives. This test applies to
all ultrasonic detectors. The
objectives are to learn how to
optimally install the detectors

for the field tests and to examine
their detection capabilities
against real vehicles. Range
testing will verify the detection
range versus different size and
shape motorized vehicles, speed
(if the detector is designed to
measure this parameter), and
minimum spacing for
differentiating between two
vehicles in the same lane. The
boresight direction of the
ultrasonic speed and presence
detectors will be determined
before they are mounted on
tower, light pole, and overhead
sign structures used in these
tests. A laser range finder may
be used to aid in measuring the
footprint on the ground.

Video imagery of the tests will be
recorded to help document the
results. To aid in data
evaluation, markers will be
placed on the test track at
regular intervals. Data sheets
will be prepared in advance of
the tests to ensure that all
required data are recorded and
test equipment identified. Test
procedures may be expanded as
needed to ensure test integrity
and repeatability.

Detection zone. The size of the
detection zone will be measured
by rolling a vehicle or moving

the standard reflection object
through the field of view and
noting when the detector gives an
output.

Minimum spacing between
vehicles. The minimum spacing
for differentiating between vehi-
cles will be found by parking a
vehicle at one end of the detection
zone and rolling another towards
it from the other end. The
distance recorded when the
detector no longer distinguishes
between the two vehicles is the
minimum spacing. For detectors
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that respond to vehicles travel-
ing above a minimum speed, a
vehicle simulator, such as a
metal plate, will be towed behind
the first vehicle. The spacing
between the vehicle and the plate
will gradually be decreased from
run to run to determine the
minimum spacing required for
vehicle differentiation.
Alternatively, a second vehicle
may be towed behind the first at
a preset distance.

Detection range. To characterize
detection range versus vehicle
type and speed, tests will be
performed at the minimum and
maximum operating ranges of the
detectors. Automobiles and
pickup trucks will be driven
through the field of view of the
detectors at speeds between 5 and
55 mi/h (8.0 and 88.5 km/h),

in 10-mi/h (16.1-km/h)
increments.

Sensitivity to vehicle density. As
time permits, the performance

of the detectors will be verified
against low-density (<800
vehicles per hour per lane) and
high-density (> 1800 vehicles

per hour per lane) traffic flows.
These data will aid in

establishing optimal use of the
detectors during field testing.
The speed measurement accuracy
of applicable detectors will be
verified during these tests by
using speed surveys performed
by the host agency, e.g., the City
of Los Angeles Department of
Transportation. Techniques to be
used include radar speed guns,
infrared speed guns, and vehicles
traveling at predetermined
speeds through the detection
Zones.

6.2.2 Microwave Detectors

These tests for microwave vehicle presence
and speed detectors supplement the signal-to-

noise, speed calibration, and output level
adjustment tests performed by the vendors.
The end-to-end operational test applies to
microwave detectors built by Microwave
Sensors.{14) Microwave radar detectors built
by other vendors may require modifications to
this test.

1. End-to-end operational test.
a. Test equipment.

(1) Square reflector target at
least 6 inches (152.4 mm)
on a side.

(2) 10to 24 VDC, 0.25-amp
(min) power supply.

b. Operational test.

(1) Remove the enclosure
cover.

(2) Connect power supply.

(3) Place square reflector 3
feet (0.9 m) from
transmitter.

(4) Turn transmitter on after
equipment warm-up time
has elapsed.

(5) Verify that appropriate
LED indicator is on.

2. Minimum and maximum detectable
radar cross section.

Calibrated corner reflectors (CRs)

will be inserted into the FOV of the
true presence detectors to determine
the minimum detectable target size and
the maximum target size that can be
detected without saturating the
detector. The latter result is not
expected to affect detector operation
for traffic management applications.
An approximate range of CR sizes is
from 5 m2 to 100 m2. Several
reflectors in this range will be
selected. Since the transmitted and
received waveforms are linear and

like polarized, trihedral (odd bounce)
reftectors will be used.
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3. Range test.

a.

Objectives. This test applies to
all microwave detectors. The
objectives and testing techniques
are the same as those discussed
earlier for the ultrasonic
detectors. The tests will verify
boresight, detection range,
sensitivity to intervehicle
spacing, and beam patterns. If
the detector measures speed,
then its capability to measure
speeds of individual and groups of
vehicles will be verified.

Detection zone. The size of the
detection zone will be measured
by rolling a vehicle or inserting
a corner reflector through the
field of view and noting when the
detector gives an output.

Minimum spacing between vehi- -
cles. The minimum spacing for
differentiating between vehicles
will be found by parking a
vehicle at one end of the detection
zone and rolling another towards
it from the other end. The
distance recorded when the
detector no longer distinguishes
between the two vehicles is the
minimum spacing. For detectors
that respond to vehicles travel-
ing above a minimum speed, a
vehicle simulator, such as a
metal plate, will be towed behind
the first vehicle. The spacing
between the vehicle and the plate
will gradually be decreased from
run to run to determine the
minimum spacing required for
vehicle differentiation.
Alternatively, a second vehicle
may be towed behind the first at
a preset distance.

Detection range. To characterize
detection range versus vehicle
type and speed, tests will be
performed at the minimum and
maximum operating ranges of the
detectors, some of which extend

out to 300 feet (21.4 m).
Automobiles and pickup trucks

will be driven through the field

of view of the detectors at speeds
between 5 and 55 mi/h (8.0 and
88.5 km/h), in 10-mi/h
(16.1-km/h) increments.

e. Sensitivity to vehicle density. As
time permits, the performance
of the detectors will be verified
against low-density (<800
vehicles per hour per lane) and
high-density (>1800 vehicles
per hour per lane) traffic
volume. These data will aid in
establishing optimal use of the
detectors during field testing.
The speed measurement accuracy
of applicable detectors will be
verified during these tests by
using speed surveys performed
by the host agency, e.g., the City
of Los Angeles Department of
Transportation. Techniques to be
used include radar speed guns,
infrared speed guns, and vehicles
traveling at predetermined
speeds through the detection
zones.

6.2.3 Active Infrared Detectors

The following laboratory procedures are for
testing Schwartz Electro-Optics active IR
detectors that use a laser diode as the
transmitting energy source.{ 13} This detector
generates two beams to count and measure the
speed of vehicles. Active IR detectors
manufactured by other vendors may require
modifications to the tests described below.

1. Setup.

The equipment for these tests consists
of a sighting scope, IBM personal
computer (PC), vendor-supplied test
software, a black target having low
reflectance, and a white target having
high reflectance.

The layout for the laser radar IR

detector functional tests is shown in
Figure 6-1. The detector is oriented so
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that the cross hairs of the sighting

scope are centered on the black target at
a distance of 20 feet (6.1 m). APCis
connected to the vehicle detector's

serial interface. Initially, an opaque
screen is used to block the laser
transmitter beam at a distance less than
the detector’s minimum range (as
specified by the vendor).

2. Self-test.

After the detector is warmed up, the
manufacturer-supplied test software
will initiate a series of five self-tests.

In the first, the integrity of the
operating software in read-only
memory (ROM) will be verified by
calculating an 8-bit checksum. Each
byte in ROM will be accumulated,
ignoring overflow, to form an 8-bit

vaiue that will be compared with the
checksum that is stored in ROM. The
second self-test verifies proper
functioning of the RAM through a non-~
destructive read/write test that
toggles each bit in memory from on to
off. The third self-test uses the
microprocessor to measure the laser's
pulse repetition frequency (PRF).

The last two tests measure the power
supply voltages and the detector's
temperature using the micro-
processor's A/D (analog-to-digital)
converter.

If the traffic detector passes all five
self-tests, the green LED will flash

for about 2 seconds and then remain on
continuously. If the red LED flashes
and then remains on continuously, the
detector has failed one or more of the
self-tests.

TARGET (4' X 4)
M
BLACK WHITE
SIGHTING SCOPE
m:ggm:m ; BEAMA ___
LED)SYE VEHICLE e T
l-===~~""70-DEG BEAM SEPARATION LASER BEAMS
DETECTOR -2 -_____*_ ______ -
BEAMB |
MONITOR et |——— MIN RANGE
e 20FT - |
B pe
B .{.L.\.uu b a,
1ft=0.305m

Figure 6-1. Setup Used to Verify Functioning of Active IR Detector with Laser
Diode Transmitter
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3.

Initialization.

With the laser beams blocked, the red
LED indicator will glow continuously,
indicating that the range is beyond the
minimum/maximum limits. Upon
removing the opaque screen, the red
LED will turn off, indicating that the
detector is measuring a range within
its minimum/maximum fimits.

If the screen is inserted in the beam at
a range greater than the minimum
range, but less than the range to the
target minus 1 foot (0.3 m), the green
LED will turn off. This corresponds to
a vehicle-presence indication. When
these tests are complete, turn on the
PC and load the test software,

Return—Asigna[ strength.

With the vehicle detector viewing the
black target at a distance of 20 feet
(6.1 m), the return signal is
displayed as a percent of full scale. If
properly operating, the return signal
will be within £10 percent of the
baseline value supplied with the
detector (for a given ambient
temperature).

Range measurement.

If the laser power is within vendor
specifications, the 20-foot (6.1-m)
range to the black target is displayed
on the monitor to within the +0.25-
foot (76.2-mm) accuracy of the
detector. When the target is reversed
so that range measurements are made
to the white surface, the range value
displayed is the same as that for the
black target to within the detector's
accuracy.

Speed measurement function.

This test confirms that the detector's
speed measurement circuit is
functioning, but does not calibrate the
speed measuring function. Pass the
screen rapidly through the laser
beams at a distance of 2 feet (0.6 m)

from the target. The PC monitor
should indicate vehicle count and
speed. The vehicle count should be
increased in increments of one each
time the procedure is repeated.

Range test.

a. Objectives. The objectives and test
techniques for these range tests
are the same as those for the
ultrasonic detectors. The tests
verify boresight, detection range,
sensitivity to intervehicle spacing,
and beam patterns. If the detector
measures speed, then its capability
to measure individual and group
vehicle velocities is also verified.

b. Viewing angle. The detectors are
installed on the tower or overhead
structure at viewing angles that
are a function of the
manufacturer-specified mount-
ing height.

¢. Detection zone. The size of the
detection zone is measured by
rolling a vehicle or moving a
reflector through the field of view
and noting when the detector gives
an output.

d. Minimum spacing between
vehicles. The minimum spacing
for differentiating between
vehicles is found by parking a
vehicle at one end of the detection
zone and rolling another towards it
from the other end. The distance
recorded when the detector no
longer distinguishes between the
two vehicles is the minimum
spacing.

e. Detection range. Detection range
versus vehicle type and speed are
measured to determine the
minimum and maximum opera-
ting ranges of the detectors.
Automobiles and pickup trucks are
driven through the field of view of
the detectors at speeds between 5
and 55 mi/h (8.0 and 88.5 km/h)
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in 10-mi/h (16.1-km/h)
increments.

f. Sensitivity to vehicle density. The
performance of the detectors are
verified in low-density (<800
vehicles per hour per lane) and
high-density (>1800 vehicles per
hour per lane) traffic flows.

These data aid in establishing
optimal use of the detectors during
field testing. The speed
measurement accuracy of the laser
radar is verified by using speed
surveys performed by the host
agency. Truth data are obtained
from radar speed guns, infrared
speed guns, and vehicles traveling
at predeter-mined speeds in the
detection zones.

6.2.4 Passive Infrared Detectors

The indoor tests of the passive IR detectors
are designed to measure frequency response,
sensitivity, boresight, and effects of temper-
ature changes on performance. The plans and
equipment for testing passive infrared
detectors are described below.{6)

1. Indoor test setup.

The passive infrared detector is
mounted such that its field of view is
focused on a calibrated "blackbody
radiator” target as shown in Figure
6-2. After power is applied and the
detector has stabilized, the blackbody
emission source, whose temperature
corresponds to that of an operating
vehicle, is used to characterize the
detector. The blackbody is located at a
relatively short distance (e.g., 1 foot
[0.3 m]) from the detector to obtain
an accurate reading that is not
degraded by background cbjects.

BLACK -
WHITE
LED
DETECTOR O VEHICLE < 1 FOOT >
STATUS _<E DETECTOR
INDICATORS
(CONNECTION DEPENDS
ON TEST PERFORMED)
\ b NN
SPECTROMETER || SPECTRUM ANALYZER | [ opTicaL peTECTOR [
1 ft = 0.305 m

Figure 6-2. Indoor Test Setup for Passive IR Detector Frequency Response,
Sensitivity, and Detection Pattern Tests

2. Indoor test.

a. Frequency response. A frequen-
cy spectrometer is used to
measure the response of the

detector to different wavelengths
of radiation.

b. Detector sensitivity. Distance
between detector and calibration
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source, size of the calibration
source, its temperature, and its
emissivity are variables that are
parametrically varied for this
measurement. The gain of the
detector is adjusted to prevent
saturation at maximum signal
strength. The distance between
the blackbody and the detector is
increased until the radiance
signal-to-noise ratio (5/N)

drops below the level sufficient
for detection. A spectrum analy-
zer is used to check the specific
detector detectivity D* value
(which is proportional to S/N),

Detection pattern. The detection
pattern is measured by plotting
the output of the detector as a
function of the range and azimuth
position of a blackbody. An
optical transducer is used to
convert the output of the passive
IR detector under test into units
of volts that are then plotted
against azimuth angle. The test
is repeated at several ranges
within the operational limits.

3. Range test.

d.

Objectives. The objectives and
test technigues for the range test
are the same as those discussed
earlier for the ultrasonic
detectors. The tests provide
vehicle tracking data as a
function of vehicle speed
(although the actual speed cannot
be measured by the passive IR
detectors), number of vehicles

in the FOV, vehicle separation
distance, and vehicle color. The
tests verify boresight, detection
range, and beam pattern.

Viewing angle. The detectors are
installed at a viewing angle
commensurate with the mounting
height as specified by the vendor.
Overhead and side-mounting
operation are characterized.
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¢. Detection zone. The size of the
detection zone is measured by
rolling a vehicle or moving an
emissive object through the field
of view and noting when the
detector gives an output.

d. Minimum spacing between vehi-
cles. The minimum spacing for
differentiating between vehicles
is established by parking a
vehicle at one end of the detection
zone and rolling another towards
it from the other end. The
distance recorded when the
detector no loenger distinguishes
between the two vehicles is the
minimum spacing. These tests
are performed for light- and
dark-colored vehicles.

e. Detection range. To characterize
detection range versus vehicle
type and speed, tests are
performed at the minimum and
maximum operating ranges of the
detectors. Automobiles and pick-
up trucks are driven through the
field of view of the detectors at
speeds between S and 55 mi/h
(8.0 and 88.5 km/h), in 10-

mi/h (16.1-km/h) increments.

f. Sensitivity to vehicle density.
The performance of the detectors
is verified against low-density
(<800 vehicles per hour per
lane) and high-density {>1800
vehicles per hour per lane)
traffic flows. These data aid in
establishing optimal use of the
detectors during field testing.

6.2.5 Video Image Processors

The VIP described below is typical of those

that function as ILD replacements in that they
provide vehicle count, presence, occupancy,

and speed. Additional data that can be provided
by more advanced VIP systems in development
include vehicle classification and tracking

from lane to lane. The VIP illustrated in

Figure 6-3 contains four representative
subsystems.
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The camera subsystem consists of an infrared
or a visible-spectrum camera with an
externally controllable and automatic iris
mode, luminance/chrominance (Y/C) (when a
color camera is configured) and National
Television Standards Committee (NTSC) video
outputs, and a fixed focal length lens.
Additional items may include a filter, lens
shade, zoom lens, and a remotely controlled
rotatable pan/tilt camera mount.

The camera enclosure subsystem consists of a
reinforced, environmentally controlled
enclosure; transparent window; camera
mount; and mounting brackets.

The processor subsystem contains the circuit
boards and software that detect vehicles in the
camera’s field of view and calculate vehicle
count, velocity, and length. This subsystem
may be rack-mountable in a 19-inch
(482.6-mm) chassis, but may be

substantially smaller as well. In fact, some
systems in development will perform the
processing within the camera enclosure. The
output data are transmitted through a
communications interface (I/F) to a traffic
management center. NTSC video can be made
available on demand for surveillance or can be
continuously transmitted over suitable
bandwidth channels. Locally, data can be
accessed on an RS-232 serial interface and
video accessed from a standard BNC connector.

I MOUNTING BRACKETS

Vv

HEATER'BLOWER

CAMERA
SUBSYSTEM ENCLOSURE
SUBSYSTEM

ALY " coNpuIT

DIGITEZER
CPUMEM POWER
COMMI/F SUPPLY

PROCESSOR — | CHASSIS
SUBSYSTEM

ENVIRONMENTALLY
CONTROLLED
ENCLOSURE —

T7777 77

Figure 6-3. Representative Video Image Processor System

The cable subsystem consists of the video
cable that transmits video from the camera to
the processor subsystem, and the power and
control cables that transmit all power,
environmental, and operational control

signals for the camera and enclosure from the
processor subsystem to the camera.

The installation and test procedures for the
VIPs consist of:
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1. Installation.

The camera enclosure and sub-
systems are mounted over the traffic
lanes to be monitored. The viewing
angle is adjusted to give the camera an
unobstructed view of the traffic lanes,
while excluding the sky from the field
of view of the camera.
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The processor subsystem is housed in
an environmentally controlled
enclosure to maintain the required
temperature range, with relative
humidity 0 to 90 percent, non-
condensing. The enclosure supplies
standard 120 VAC, 60 Hz, 200 watts
power with surge protection to the
processor chassis. The processor is
typically installed within 150 feet
(45.7 m) of the mounted camera
subsystem (the maximum length of the
standard cables). However, video
supplied over longer dedicated lines is
also accept-able. If cable installation
requires weatherproof or underground
conduit, appropriate arrangements are
to be made with local traffic engineers.

. Test station.

Portable setup/test equipment is
required for some VIP systems. The
setup equipment can typically include

a keyboard, two monitors, and a
Jjoystick. In this example, the user
follows the procedures for the indoor
tests and for detector placement in the
video scene and initiation of the VIP
functions specified in the range test.

. Indoor test.

This test verifies basic operation of
the detector algorithms using pre-
recorded imagery data.

Required equipment includes an optical
disc player and the portable setup/test
station described above. The preferred
input for the recorded video is through
the Red-Green-Blue {(RGB) or Y/C
connectors to the processor, although
standard NTSC video can be used if
necessary. The user performs the
following setup procedure as though
the data were from a live source:

a. Connect the recorded video to the
vehicle detector.

b. View the video on the set up
station monitor.
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¢. Use the keyboard and joystick to
place the detectors in the traffic
lanes as seen on the monitor.

d Start vehicle detector operation
using the keyboard.

The number of vehicles detected by the
VIP and their speeds are compared to
the truth data set for the environ-
mental and traffic conditions on the
recorded video. Typical conditions that
are evaluated include variations in the
number of lanes, shadows, rain, and
day/night transitions.

Range test.

a. Objectives. The objectives of
these tests are to verify the
detection range and zone bound-
aries, verify the ability of the
detector to measure vehicle speed
and vehicle count, and verify the
resistance of the detector to
artifacts such as shadows.

b. Mounting. The VIP camera is
installed in an overhead-mounted
configuration above the test
track. If the detector is mounted
between 18 and 24 feet (5.5 and
7.3 m) above the track, it is
generally placed over the center
of the traffic lanes to be
monitored. With mounting
heights of 40 to 50 feet (12.2 to
15.2 m), the camera may be
located off to the side of the
traffic flow. Higher mounting
generally produces more
accurate speed measurement.

c. Detection range and speed. The
test vehicle is driven from a
range of 300 feet (91.4 m)
towards the camera to verify the
detection-range boundaries and
speed outputs of the VIP. The
speed accuracy is checked at one
or more specific speeds.

d. Multiple-vehicle detection.
Single-lane traffic consisting of
two or more vehicles separated
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by 10 feet (3.0 m) verifies the
ability of the VIP to detect
multiple vehicies.

Resistance to artifacts. Opposing
traffic is used to verify the

ability of the VIP to detect a
vehicle and measure its velocity
in the presence of an opposite-
moving shadow in its lane.

Truth data. Parameters {such as
vehicle counts per lane, average
vehicle speed, and vehicle
lengths) obtained from the
imagery using human analysts
are used as "truth" data. Such
data are gathered for various
camera positions, traffic
conditions, weather variations,
and over a 24-hour period
representative of various
lighting conditions.

The speed measurement accuracy
of the detectors is verified

during these tests by using speed
surveys performed by the host
agency. Technigues used include
radar speed guns, infrared speed
guns, and vehicles traveling at
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predetermined speeds through
the detection zones,

Effects of stationary and moving
shadows from both man-made
and natural objects, such as
buildings, bridges, trees moving
in the wind, and other vehicles
are studied as they are available.
Vehicle-length data probably
cannot be generated in darkness
when the vehicles themselves are
not visible. Under these
conditions, most present-day
algorithms use vehicle lights to
provide an indication of vehicle
presence.

6.2.6 Summary

Detector specifications and a test plan have
been developed to perform the required
laboratory tests. These tests help ensure
adequate testing at a minimum cost before
subjecting the detectors to the more rigorous
field trials. The detector manufacturers have
provided detector specifications and selected
laboratory test procedures. These procedures
can be used to further understand the
strengths and weaknesses of each type of
detector.
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7. TASK E SUMMARY

CONDUCT LABORATORY DETECTOR TESTS

The Task E reports update the laboratory test
plans and describe the results obtained from
evaluation of above-the-road vehicle
detectors conducted at Hughes Aircraft
Company in Fullerton, CA and in the City of
Los Angeles. Part | of the report describes the
results obtained at the Munson test track at
Hughes-Fullerton where vehicles were driven
through the field of view of the detectors at
low speed. Parameters such as power
consumption, detection range, delay time,
ground illumination pattern, and detection
sensitivily with respect to vehicle type were
characterized. Passive infrared detectors,
originally scheduled for evaluation on the test
track and in the laboratory, were not
available for these tests. Part Il describes
indoor bench tests and results for the
microwave detectors. Here, output power and
frequency, input power consumption,
minimum detectable signal, response time,
and antenna patterns were measured. Part 1l
describes the results from tests performed by
the City of Los Angeles Department of
Transportation at their Exposition Boulevard
test site under real traffic flow conditions.
Here the performance of the above-the-road
detectors were compared with those of
inductive loops and magnetometers. Video
image processors were not evaluated during
any of the laboratory tests because they were
not available at the time.

7.1 SCOPE

Tests conducted at Hughes Aircraft Company in
Fullerton, CA evaluated:

- Detector outputs in response to motor
vehicles traveling on a test track.

« Power consumption, detection range,
and delay time.

» Detector beam patterns and sensitiv-
ity to different types of vehicles.

-1

7.2 DETECTORS EVALUATED

The foliowing detectors were evaluated during
the laboratory tests:

Microwave Detectors
» Microwave Sensors Model TC-20
» Microwave Sensors Model TC-26
- Whelen Engineering Model TDN-30

Ultrasonic Detectors
« Microwave Sensors Model TC-30C

» Sumitomo Electric Industries
Model SDU-200

» Sumitomo Electric Industries
Mode!l SDU-300

Radar

+ Schwartz Electro-Optics Model
780D1000

Laser Detectors

Passive Infrared Detectors

+ Eltec Model 842 (Los Angeles only)

Inductive Loop Detectors
(Los Angeles only)
Magnetometers
(Los Angeles only)

Two of each detector were furnished by the
manufacturers, with the exception of the
Sumitomo SDU-200, where one was supplied.
Woe later learned that the correct model
number for the SDU-200 is the RDU-101.
However, since the SDU-200 nomenclature
was already in use for this detector, we kept

it as the designation for the Sumitomo Doppler
ultrasound detector.

7.3 MUNSON TRACK FACILITIES

A scissors lift, shown in Figure 7-1, was
used at the Munson track to support the
overhead detectors and adjust their heights.
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Figure 7-1. Munson Test Track
Shown are the scissors lift upon which the detectors are mounted, power supplies
and meters, and a passing target vehicle.
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7.3.1 Test Track Vehicle 3:1986 Honda Rebel 450
motorcycle, representing the class of

The portion of the track composed of a 350- small motorcycles. Its external

foot (106.7-m) straight section of conven- dimensions were:

tional single-lane road was used during the _ . .

test. The paved road had a 2-degree incline bﬁg?r:h__ 339 i:]r;(.r::gess ((0256 "rlr)l)

approaching the detector mounting location Height "_ 49 inches (1'2 m) !

that was accounted for when adjusting the ght = ) )

incidence angle of the detectors. 7.3.4 Detector Evaluation Procedure

Marking the location of the scissors lift (i.e.,
the detector mounting location) as 0 feet,

150 feet {45.7 m) of the track was striped at
10-foot (3.0-m) intervals and the distance
was marked along the edge. Additional mark-
ings were placed at 50-foot (15.2-m) inter-
vals through 250 feet (76.2 m). These
markers were used for estimating distances
between the detector being evaluated and the
vehicle when an event occurred. Additional
markers were added at 5-foot (1.5-m)
intervals in critical detection areas to0 more
accurately measure detection ranges.

Different procedures were established for
detectors that relied on vehicle motion to
produce an output and for those that were true
presence detectors, capable of detecting
stopped vehicles.

7.3.4.1 Speed/Motion-Sensing
Detectors

Performance data for motion detectors were
collected in one of two ways: (1) an observer
located on the elevated scissors lift recorded
the approaching vehicle with a camcorder,
producing a record o be evaluated at a later
time, or {2) a roadside observer, located at
the range where vehicle detection was
anticipated, recorded the vehicle position at
the time an alarm sounded, signifying
detection by the detector under test.

7.3.2 Detector Mounting

A scissors maintenance lift was used as the
detector mounting platform. Attached to and
protruding from the lift was a length of 1-
inch (25.4-mm) galvanized pipe upon which
the detectors were mounted as shown in
Figure 7-2. The lift was elevated to the
appropriate height for the detector
performance measurements.

7.3.4.2 Presence-Sensing Detectors

The presence-sensing detectors available for
these tests gave an output when a vehicle
entered its field of view, but did not provide
speed information. These detectors were
evaluated for their presence-sensing
consistency and beam-pattern size.

7.3.3 Target Vehicle Descriptions
Three vehicle types were used as targets.
Vehicle 1: 1985 Ford Mustang two-door

sedan, representing a medium-sized
automobile. Its external dimensions

7.3.4.3 Detector Output Monitor

A detector output monitor was attached to the

were: camcorder. Housed in a small plastic
Length = 180 inches (4.6 m}; enclosure, it consisted of a battery, piezo-
Width = 68 inches (1.7 m); electric alarm, and a light-emitting diode
Height = 45 inches (1.1 m). (LED). The LED was mounted at the end of the
enclosure on an arm that positioned the LED in
Vehicle 2:1986 Honda Goldwing 1200 the lower part of the field of view of the
motorcycle, representing the class of camcorder. When connected to an appropriate
large motorcycles. Its external detector output, the LED was turned on and the
dimensions were: piezoelectric alarm sounded when a vehicle

was detected. The camcorder captured both
the LED and audible signals during the
recording process and helped identify the
correct detection range.

Length = 98 inches (2.5 m);
Width = 38 inches (0.97 m);
Height = 59 inches (1.5 m).
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7.3.4.4 Measurements

The sequence shown in Figure 7-3 illustrates
the test event sequence.

Power:

The applied voltage was adjusted io the
manufacturer's low and high limits and the
current draw was measured at each voltage.

Delay Time:

Several detectors have adjustable delay times
that maintain the detection signal after the
vehicle passes through the detector's field of
view. The minimum and maximum values
were measured.

Detection Range:

The detection range was variable on several of
the speed/motion and presence detectors

through a sensitivity adjustment. The
detection ranges for minimum and maximum
sengitivity settings were recorded when this
adjustment was available.

Incidence Angle:

The incidence angle of most of the
speed/motion and presence detectors can be
varied to change the engagement range. The
exception is the presence-lype ultrasonic
detectors that operate at a nadir (0 degree or
straight down) incidence angle. As detector
design and operation permitted, incidence
angles of 45 and 70 degrees were used to
measure detection range.

Inbound/Outbound Vehicle Detection:
This feature was evaluated if the detector had

the capability of detecting both inbound and
outbound vehicles.

DELAY
TIME

MIN

SETUP — POWER — MA

RANGE —

VEH 1

INBOUND——VEH 2

|_VEH3

70° — VEH 1
0

UTBOUND+4+—VEH 2
| _VEH 3
_ VEH 1
INBOUND——VEH 2
|_VEH 3
___VEH 1

OUTBOUND-H—VEH 2
| VEH 3

__VEH 1

INBOUND———VEH 2
|__VEH 3

_VEH 1

UTBOUND—VEH 2
L_VEH 3

— VEH 1

INBOUND——VEH 2
. |_VEH3
5 VEH 1

OUTBOUND-EVEH 2
VEH 3

—MiIN

50

70°

—MAX

Figure 7-3. Munson Test Track Event Sequence
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7.4 LESSONS LEARNED FROM TEST
TRACK DETECTOR EVALUATION

Hughes tested seven vehicle detectors during
June through July 1992 on the Munson test
track. The detectors included three ultrasonic
(SDU-200, SDU-300, TC-30C), three
microwave (TC-20, TC-26, TDN-30}, and
an infrared laser radar (780D1000).

7.4.1 Microwave Detectors

The three microwave detectors, Microwave
Sensors TC-20 and TC-26 and Whelen
Engineering TDN-30, operated at an X-band
frequency of 10.54 GHz.

7.4.1.1 TC-20

The TC-20 detector was raised to 17 feet (5.2
m) above the road surface with incidence
angles of 70° and 45° with respect to nadir.
Although only one traffic lane was used in the
test, the wide-beam (16°) antenna should
detect multiple lanes of traffic in a real

traffic flow environment, since it has a 14-
foot (4.3-m} diameter 3-dB footprint
approximately 60 feet (18.3 m) downstream
when mounted at a 70° incidence angle. The
potential to detect traffic outside the lane of
interest is reduced by decreasing the detection
range by turning the range adjust screw
counterclockwise (CCW). The minimum hold
time (hold time screw fully CCW) was 0.5
second.

7.4.1.2 TC-26

The TC-26 was operated at a height of 17 feet
(5.2 m} with both inbound and outbound
vehicles, at incidence angles of 70° and 45°
with respect to nadir, and at high and low
sensitivity settings. The detector can be
operated with the low-range setting to
minimize detection of adjacent-lane vehicles.
In the low-range mode the footprint on the
road surface is narrowed. However, even in
this mode, the 15-foot-long (4.6-m-long)
Ford Mustang was detected at a range of 200
feet {61.0 m).

7.4.1.3 TDN-30

The TDN-30 detector was configured for the
freeway traffic management mode to
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demonstrate its detection-range envelope.
The TDN-30 has a narrow-beam antenna,
requiring jumper JP8 to be installed on the
electronics board in the housing. Jumper JP2
was installed to detect approaching vehicles or
removed to detect departing vehicles. Other
jumpers specify the serial communications
data transmission rate and mode, dwell time,
and application. When the detector is mounted
parallel to the roadway surface, the antenna
boresight is 45 degrees with respect to nadir.

The ability of the narrow-beam antenna to
discriminate between two vehicles traveling
at the same speed, one behind the other, was
evaluated. In the first run, the Ford Mustang
and a small Toyota pickup truck were driven
at 10 mi/h (16.1 km/h) with 15 feet (4.6
m) separation. The detector indicated con-
stant presence when the vehicles were driven
into the detection zone. In the following run,
the same two vehicles were driven at 15 mi/h
(24.1 km/h) with an estimated separation
distance of 20 feet (6.1 m). This time a
momentary break in the tone from the
detector output monitor was heard, indicating
separate detection of both vehicles as they
were driven through the detection zone.

7.4.2 Ultrasonic Detectors

Microwave Sensors' TC-30C and Sumitomo's
SDU-200 and SDU-300 were the ultrasonic
detectors evaluated. The TC-30C and the
SDU-300 are presence detectors that mount
directly over a lane and look straight down at
the road surface at an incidence angle of 0
degrees. The SDU-200 (RDU-101) is a
Doppler device that operates at an incidence
angle of 45 degrees.

7.4.2.1 TC-30C

Operator adjustments on the TC-30C were the
detection-range control and the relay hold
time. The range control was set so that the
receiver didn't trigger on the road surface,
but instead detected the tops of vehicles 2 to 3
feet (0.6 to 0.9 m) above the road surface.
The detection range was established by first
turning the range-control screw clockwise
until the detector detected the road surface and
then turning the screw counterclockwise until
the detection was dropped. The relay hoid
time was adjusted for minimum hold {(0.25
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seconds) by turning the appropriate screw
fully counterclockwise. If vehicle detection
did not occur, the receiver gain was adjusted.
7.4.2.2 SDU-200 (RDU-101)

The SDU-200 was evaluated for vehicle
detection and speed-measuring capability.

Accurate speed measurements are dependent
on the speed correction switch, DSW1, that
controls the reading on the digital speed
display. When the spring-loaded three-
position Display/Operate/Test switch is
momentarily placed in the Test {down)
position, the display should read between 92
and 96 km/h,

The digital display read 98 km/h when the
three-position switch was placed in Test
during the first run. Since this value was too
high, DSW1 was adjusted from 9 (normal) to
8, corresponding to a 3 percent reduction in
the displayed value. When the digital display
was interrogated again, it showed 96 km/h, a
reading within specifications.

The small vehicle/large vehicle discrimina-
tion value was adjusted next. It enables
vehicle counts tc be made in each of two vehi-
cle size classes. A value is normally chosen to
differentiate between vehicles below and
above 6.0 m in length. Since the largest ve-
hicle in these tests was 15 feet (4.6 m) long,
SW1 was set to the minimum value of 4.4 m.

The VR2 sensitivity adjustment is used to
specify whether vehicles in one or mere lanes
are detected. Since the test was designed to
detect vehicles in one iane only, VR2 was set
near the full clockwise or minimum
sensitivity position.

7.4.2.3 SDU-300

The three switches located in the right corner
behind the front panel of the SDU-300
control unit are set at the factory for normal
operation. The detector functioned properly
during the tests using these settings.

7.4.3 Infrared Laser Radar Detector

The Schwartz Electro-Optics 780D1000
active infrared laser radar was operated at

7-7

incidence angles of 0° {nadir), 45°, and 80°.
It was designed to function with approaching
traffic only at the time of these tests.

Detector data were evaluated by connecting the
RS-232 connector to a personal computer
that runs a setup and data acquisition program
supplied by Schwartz. The detector functioned
properly at 45° and 60° incidence angles. |If
the backscattered [gser signal is too wezk to
be detected at 60°, as may happen with some
reflecting surface shapes, the incidence angle
must be reduced to increase the magnitude of
the returned signal. Generally, in a normal
installation, the incidence angle is 45° or
less. Zero-degree incidence is beyond the
normal operational design limit of the
detector.

7.5 DETECTOR PERFORMANCE
RESULTS FROM TEST TRACK
MEASUREMENTS

The detectors were evaluated with respect to:

» Test vehicle,

» Operating current,

» Delay time,

» Engagement range,

- Disengagement range,

« Beam pattern, and

« Operational and functional anomalies.

7.5.1 TC-20 Microwave Detector

The TC-20 was evaluated at incidence angtes
of 45° and 70°.

7.5.1.1 Operating Current

The operating voltages for the TC-20 are 10
to 24 VAC or 12 VDC at 250 mA. During the
Munson tests, the voltages ranged from 18 to
24 VAC. Additional power consumption mea-
surements for the microwave detectors are
given in Section 6 of this chapter.



Final Report: Detection Technology for IVHS

Table 7-1. Input Power for TC-20
VOLTAGE CURRENT
18 VAC 223 mA
24 VAC 225 mA

7.5.1.2 Delay Time Measurement

Table 7-2. Delay Time For TC-20

DELAY TIME

270 ms minimum
9.6 8 maximum

35 T
/ Calcuiated
30 T / Max Range
w
X317 ;
E%\ o 1 V = T T
z& /
=
LY 45 4 “
L
g 10 —
w Calculated
Min Range
5+
(4 t —+ {
Veh1 Veh 2 Veh 3
1f1=0305m

Figure 7-4. Detection Range
of TC-20 at 45-Degree Incidence
Angle

7.5.2 TC-26 Microwave Detector

The TC-26 was evaluated at incidence angles
of 45° and 70°.

7.5.2.1 Operating Current
The operating voltages for the TC-26 are

specified at 12 to 24 VAC or VDC with a
current of 350 mA.
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7.5.1.3 Detection Range

Figures 7-4 and 7-5 show the TC-20
engagement range using the deteclor’s
maximum range setting and 45° and 70°
incidence angles, respectively, compared to
the calculated engagement range. The calcula-
ted engagement range is based on geometrical
factors that include mounting height, beam-
widths, and incidence angle as tabulated in
Appendix C of Part | of the Task E Report and
Appendix F of this Final Report. 1t assumes
that receiver output power, sensitivity, and
target radar cross section are adequate to
receive the signal at the detector. Vehicle 1 is
the Ford Mustang, vehicle 2 is the large
motorcycle, and vehicle 3 is the small
motorcycle.

MICROWAVE SENSORS TC-20
Calculated
80 - Max Range =—wia.
70 T
ra
W 60 ?
= ~ 0T A /
EY a0
it é
E [\
] 30 e
g 20
il T Caleulated
1p 4 MinRange
0 } } {
Veh 1 Veh 2 Veh 3
1#=0305m

Figure 7-5. Detection Range
of TC-20 at 70-Degree Incidence
Angle

Table 7-3. Input Power for TC-26

CURRENT

505 mA
518 mA

VOLTAGE

18 VAC
24 VAC
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7.5.2.2 Detection Range

Figures 7-6 and 7-7 show the engagement
range of the TC-26 at the maximum range
setting and 45° and 70° incidence angles,
respectively, for inbound vehicles as
compared to the calculated engagement range.

MICROWAVE SENSORS TC-26
45-DEGREE INCIDENCE ANGLE

- Calculated
60 Max Range
==
50 e
w
] L
2 40 1 //
§ ~ EXXETER A
L e
z 8 80T
[T bl
E [\
Q 20 T
«
=
w 10 T Calculated
Min Range
0 i + §

Veh 1 Veh 2 Veh 3
INBOUND

Figure 7-6. Detection Range of
TC-26 at 45-Degree Incidence Angle,
Vehicles Inbound

MICROWAVE SENSORS TC-26
45-DEGREE INCIDENCE ANGLE

Calculated

295 - Max Range—\
=1 — KA

w
(8-
-
2 o 15T
=3
=L 04
u Calculated
! Min Range
= 5 =+
j73)
0 — ' |
Veh1 Veh 2 Veh 3
OUTBOUND

1 ft = 0.305m

Figure 7-8. Detection Range of TC-26
at 45-Degree Incidence Angle,
Vehicles Outbound

Figures 7-8 and 7-9 show the engagement
range at the maximum range setting and 45°
and 70° incidence angles, respectively, for
outbound vehicles as compared to the calcula-
ted engagement range. Vehicle 1 is the Ford
Mustang, vehicle 2 is the large motorcycle,
and vehicle 3 is the small motorcycle.

Calculated
180 T Max Range

o | %

w
z 120 ¢ / Z
& A %
Y 100 T / /
= 9 4 J/j
w oy 80 -
= v 7/
g 60 /
= 40 +

ag + Calculated

s —
- 1

Min Range

Veh 1 Veh 2 Veh 3
INBOUND

1 ft = 0.305 m

Figure 7-7. Detection Bange of
TC-26 at 70-Degree Incidence Angle,
Vehicles Inbound

MICROWAVE SENSORS TC-26
70-DEGREE INCIDENCE ANGLE
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gg ¢ Max Range\
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-4
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- s
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< =3
= 20 ¢ WL
w
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OUTBOUND

1 ft = 0.305 m

Figure 7-9. Detection Range of TC-26
at 70-Degree Incidence Angle,
Vehicles Outbound
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7.5.3 TDN-30 Microwave Detector
The TDN-30 operates at an incidence angle of
45° when the bottom of the detector housing is
parallel 1o the road surface.

7.5.3.1 Operating Current

The specified operating voltages for the TDN-
30 are 11 to 15 VDC at 200 mA.

Table 7-4. Input Power for TDN-30
VOLTAGE CURRENT
11 VDC 150 mA
15 VDG 155 mA
WHELEN ENGINEERING TDN-30
INBOUND VEHICLE
- Calculated
22 M?xxc;:nege
21 +
wd
2 19 +
=
Q 18 T [~
= ° 17 + / Caiculated
g2 / Min Range
s 1 / _\ g
3 s 4 — ]
=z
VR % ]
13 g
12 t t |
Veh 1 Veh 2 Veh 3
INBOUND
1 ft = 0.305 m
Figure 7-10. Inbound Vehicle

Detection Range of TDN-30 at
45-Degree Incidence Angle

7.5.4 TC.-30C Ultrasonic Detector
The TC-30C operates at 0° incidence angle.
7.5.4.1 Operating Current

The specified operating voltages for the

TC-30C are 6 to 12 VDC or 12 to 24 VAC at
150 mA.
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7.5.3.2 Detection Range

Figures 7-10 and 7-11 show the measured
engagement range of the TDN-30 compared to
the calculated range for inbound and outbound
vehicles, respectively. The calculated range
is based on geometrical factors that include
mounting height, beamwidths, and incidence
angle. Vehicle 1 is the Ford Mustang, vehicle
2 the large motorcycle, and vehicle 3 the
small motorcycle.

OUTBOUND VEHICLE
30 T
Calculated

28 T Max Range
g 26 T
5 24 4 7

Y
D o2 ¢ /

e 4 A =
%b 20 s 1
w 18 T LA
S
=4 16 -+
m -

14 T calcutated _/

12 =+ Min Range

10 t -+ i

Veh1 Veh 2 Veh3
OUTBOUND
t ft = 0305 m

Figure 7-11. Qutbound Vehicle

Detection Range of TDN-30 at

45-Degree Incidence Angle
Table 7-5. Input Power for TC-30C
VOLTAGE CURRENT
12 VAC 332 mA*
24 VAC 268 mA*

*With no vehicle in detection zone.
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7.5.4.2 Delay Time Measurement
The delay time measurements compare favor-
ably with the manufacturer's specification of
0.25-s minimum to 10-s maximum.

Table 7-6. Delay Time for TC-30C

DELAY TIME
270-ms minimum
9.6-8 maximum

7.5.4.3 Detection Zone

Since the TC-30C operates at nadir, the range
measurement nomenclature was changed to
“detection zone” from “detection range.”

Figure 7-12 shows the measured detection
zone of the TC-30C at a 0° incidence angle as
compared to the calcuiated zone. The
calculated zone is based on geometrical factors
that include mounting height, beamwidths, and
incidence angle. It assumes that receiver
output, sensitivity, and target reflective
properties are adequate to receive the signal
at the detector. Vehicle 1 is the Ford Mustang
and vehicie 3 the small motorcycle.

The detection zone starts at the engagement
range where the vehicles enter the beam. The
nonzero nature of the minimum delay time
affects the disengagement range measurement
(i.e., the range at which the vehicle presence

signal is dropped by the detector). Because of
this, distances at which the vehicle presence
was dropped were not measured. Vehicle 2
was not available when the TC-30C
engagement range was measured.

TC-30C ULTRASONIC VEHICLE DETECTOR
0-DEGREE INCIDENCE ANGLE
5 Calculated
T Max Range
AT vent /_
3
w 2 1
3 Veh 3
N 1 -
z = F
3% o1
5= 1
B 21
o
3
4 + Calcul ated
Min Range
5 } t
Veh 1 Veh 2 Veh 3

1 ft = 0.305 m

Figure 7-12. Detection Zone of
TC-30C at 0-Degree Incidence Angle
7.5.4.4 Beam Pattern

The TC-30C beam pattern is shown in Figure
7-13. The measurements were taken at
approximately 15 feet (4.6 m} below the
detector.

TC-30C Beam Pattern

Vertical axis shows
beam pattern
extent in inches

1in =254 mm

Figure 7-13. Beam Illumination Pattern of TC-30C Ultrasonic Detector
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7.5.5 SDU-200 Ultrasonic Detector
The SDU-200 Doppler detector has a
transmitting horn transducer and a receiving
horn transducer that are mounted at 45° with
respect o nadir. The horn furthest from a
wall or other barrier is used as the
transmitter.

7.5.5.1 Operating Current

The detector operates at a nominal voltage of
100 VAC. lIts power consumption was
measured at the minimum and maximum
specified operating voitages.

Table 7-7. Input Power for SDU-200
VOLTAGE CURRENT
80 VAC 102 mA
110 VAC 102 mA

7.5.5.2 Detection Range

Since the incidence angle of the detector must
be at 45°, detection range measurements as a
tunction of angle were not made, other than to
confirm that the detector did sense the
vehicles as they passed through its field of
view.

7.5.6 SDU-300 Ultrasonic Detector

The SDU-300 is mounted at a nadir incidence
angle.

7.5.6.1 Operating Current

This presence detector operates at a nominal
voltage of 100 VAC. Once again, its power
consumption was measured at the minimum
and maximum specified operating voltages.

Table 7-8. Input Power for SDU-300
VOLTAGE CURRENT
80 VAC 54 mA
110 VAC 69 mA

12

7.5.6.2 Detection Zone

Figure 7-14 shows the measured detection
zone of the SDU-300 at a 0° incidence angle
as compared to the calculated zons.

SDU-300 ULTRASONIC DETECTOR
0-DEGREE INCIDENCE ANGLE

+ Calculated
Engagement

Range —a

8 B 8

DETECTION ZONE
(feet)
B o
t 1

(]
i
T

o : t
Veh 1 Veh 2

Veh 3

1 ft =0305m

Figure 7-14. Detection Zone of
SDU-300 at 0-Degree Incidence
Angle

The caiculated zone is based on the beamwidth,
mounting height, and incidence angle of the
detector. It assumes adequate receiver
sensitivity and target reflective properties to
detect a vehicle at the range calculated from
the geometrical factors. Vehicle 1 is the Ford
Mustang and vehicle 2 the large motorcycle.
Vehicle 3, the small motorcycle, was not
available for this test.

The detection peint used in the measurements
for vehicles 1 and 2 was the distance at which
they entered the beam. The nonzero hold time
affects the measurement of the distance at
which the presence call is dropped when
vehicles leave the beam. Because of this, the
distance at which presence was dropped was
not measured.

7.5.6.3 Beam Pattern

The beam pattern, shown in Figure 7-15, was
measured at nadir from a height of approxi-
mately 13 feet (4.0 m) above the road
surface.
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SDU-300 Beam Pattern

Vertical axis shows beam
pattern extent in inches

1in =254 mm

Figure 7-15, Beam Pattern of SDU-300 Ultrasonic Detector

7.5.7 780D10600 Laser Radar Table 7-9. Input Power for
Detector 780D1000
The 780D1000 laser radar detector is norm- VOLTAGE CURRENT

ally mounted at incidence angles of less than
45°. However, in these tests, the incidence 90 VAC 44 mA
angle envelope was stretched to measure the 130 VAC 34 mA
performance limits of the detector.

7.5.7.1 Operating Current 7.5.7.2 Vehicle Speed
The nominal operating voltage for the laser Table 7-10 compares the speed measured by
radar detector is 115 VAC. the 780D1000 to the speed recorded from the

speedometer on vehicle 1. The vehicle speed-
ometer was not calibrated by an independent
source for this evaluation.

Table 7-10. Measurement of Vehicle 1 (1985 Ford Mustang} Speed With Laser
Radar Detector

Incidence Angle| Speedometer | 780D1000 Measured
(degrees) (mi/h) Speed (mi/h)
45 8 7
45 15 15
45 20 21
45 20 19
60 11 12
60 8 7
60 8 8

1 mith = 1.61 km/h

7-13
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7.6. DETECTOR PERFORMANCE
RESULTS FROM BENCH TEST
MEASUREMENTS

Bench tests were performed to measure radio
frequency (RF) output power, output
frequency, minimum detectable signal, input
power consumption, and response time of the
microwave traffic detectors (Microwave
Sensors TC-20 and TC-26 and Whelen TDN-
30). A photograph of the measurement
equipment is shown in Figure 7-16 with the
Whelen TDN-30 as the detector under test.

The instrumentation horn was used to capture
the radiated energy from the detector under
test and transmit it to other equipment. The
connections made to the instrumentation horn
for various measurements are shown in Table
7-11. Volt meters and current meters were
used to measure the input power to the
detector. The response time was found by

measuring the time difference between the
injected RF signal and the closure of a relay.

Table 7-11. Device Connected to
Instrumentation Horn for Measuring
Various Detector Characteristics

Measurement Device Used

Output power Power meter
Frequency Spectrum analyzer
Minimum detectable Sweep oscillator

signal

A summary of the bench test measurements
and the manufacturers specifications is shown
in Table 7-12. A comparison of the input
power consumption of the detectors as
measured during the Munson track tests and
the bench tests is given in Table 7-13.

Table 7-12. Microwave Detector Bench Test Results
Microwave | Microwave Microwave Microwave
Whelen Whelen
TDN-30 TDN-30 Sensors Sensors Sensors Sensors
Parameter SN 00109 SN 00109 TC-20 TC-20 TC-26 TC-28
Specified Measured SN 234242 { SN 234242 SN 234326 SN 234326
P Specified Measured Specified Measured
Output Not 4.6 dBm or 10 dBmor }10.2 dBm or |10 dBm or 11.9 dBm or
power specified 2.9 milli- 10 milli- 10.5 milli- 10 milli- 15.5 milli-
watts watts watts watts watts
Cutput
. 10.525 GHz §10.520 GHz [|10.525 GHz j 10.520 GHz 10.525 GHz {10519 GHz
requency
Minimum Not Not able to Not -54 dBm or Not -60.7 dBm or
detectable specified perform test ]| specified 4 microwatts |specified 0.9 microwatts
signal
Input power }1.8 watts 2.2 watts 3.0 watts 2.8 watts 8.5 watts 3.9 watts
consumption |typical maximum
Response Not Not able to 165 ms 8.4 ms 250 ms 11.5 ms
time specified perform test average average
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Table 7-13. Munson Track and Bench Measurements of input Power Consumption

With Different Voltage Sources

Data Source

Whelen TDN-30

Microwave Sensors
TC-20

Microwave Sensors
TC-286

Manufacturer's
Specification

1.8 (nominal) to 2.8
Watts (maximum)
using 12 VDC and 14
VDC, respectively

6.0 Watts (maximum)
using 10 to 24 VAC cr
12 VvDC

8.5 Watls (maximum)
using 12 to 24 VAC/DC

Munson Test

1.85 to 2.3 Watts
using 11 VDC and 15

4.0 to 5.4 Watls
using 18 VAC and 24

9.1 to 12.4 Watts
using 18 VAC and 24

Bench Test

VDC inputs, VAC inputs, VAC inputs,
respectively respectively respectively
2.2 Watts 2.8 Watts 3.9 Watts

using 13.5 VDC input

using 13.5 VDC input

using 13.5 VDC input

7.7 DETECTOR PERFORMANCE
RESULTS FROM TESTS IN THE
CITY OF LOS ANGELES

Beginning in August 1992, the City of Los
Angeles Department of Transportation, in
conjunction with Hughes Aircraft Company,
evaluated the effectiveness and operating
characteristics of various overhead vehicle
detection systems. Eleven detectors compris-
ing six different technologies were used:
passive infrared, ultrasound, microwave,
laser radar, inductive loop, and
magnetometer. The inductive loops and
magneatometers were already instalied in the
Exposition Boulevard test area. Their
performance was compared with those of the
overhead technologies. The first set of data
was collected from August 25 to October 19,
1992. Computer data files were analyzed
beginning with September 29 and continuing
through October 19, 1992,

7.71 Test Site Description

The detector test site was located on
Exposition Boulevard, near University
Avenue, in the City of Los Angeles. Three
eastbound lanes, shown in Figure 7-17, were
already instrumented with inductive loops,
magnetometers, passive IR, and ultrasonic
detectors. The TC-30C, TC-26, 78001000,
and TDN-30 were mounted on the pole closest
to the foreground. The middle pole contained
the 842s. The pole farthest in the background
supported the TC-20 and SDU-300. The
traffic lanes monitored by each detector are
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shown in Table 7-14. Lane 1 is the leftmost
lane.

7.7.2 Data Analysis Methods and
Results

The count accuracy of the inductive loop
detectors was 99.4 percent £0.6 percent as
computed from the recorded imagery that
provided visual verification of the count.
Inductive loop volume data ¢ollected in the
lanes monitored by the in-ground and above-
ground detectors under test were used to
determine the relative accuracy of the other
detectors. Fifteen-minute data increments
were used in the analysis. '

7.7.2.1 Accuracy

The base accuracy for each detector in each
15-min period is expressed as a ratio of the
count from the detector under test to the count
from the calibrated loop detector. This
detector accuracy ratio (DAR) is given by

Test Detector Count

DAR =
Calibrated Loop Detector Count

(7-1)

Table 7-15 gives the accuracy ratios of the
detectors. A ratio of unity indicates a 100-
percent correlation between the detector
under test and the calibrated loop detector. An
accuracy ratio greater than unity indicates a
tendency for the detector under test to ,
overcount, while an accuracy ratio less than
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Figure 7-17. Eastbound Lanes on Exposition Boulevard Test Site
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Table 7-14. Detector Mounting Locations

Detector Lane Location
Inductive Loops 1,2,and 3
Magnetometers 1,2, and 3
Sumitomo SDU-300 3
(Ultrasound)
Eltec 842 3
(Passive Infrared)
Microwave Sensors TC-20 o
(Microwave Detector)
Microwave Sensors TC-30C 1
{Ultrasound)
Microwave Sensors TC-26 o
(Microwave Detector)
Schwartz Electro-Optics 3
780D1000 {Laser Radan
Whelen TDN-30 3

{(Microwave Detector)

Table 7-15. Accuracy of Detectors Under Test

Detectors Listed in Descending Order Accuracy

of Overall Accuracy Ratio
SEO 780D1000 Laser Radar Detector 0.99%6
Whelen TDN-30 Microwave Detector 1.020
Eltec 842 |nfrared Detector (#430) 0.855
Microwave Sensors TC-20 Microwave Detector 0.954
Eitec 842 Infrared Detector (#429) 0.952
Magnetometer Lane #3 1.055
Sumitomo SDU-300 Ultrasonic Detector 0.944
Magnetometer Lane #1 1.102
Microwave Sensors TC-30C Ultrasonic Detector 1.113
Magnetometer Lane #2 0.774
Microwave Sensors TC-26 Microwave Detector 2.711
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unity indicates a tendency for the detector
under test to undercount.

Some of the tested detectors show a low
accuracy ratio because of the long hold time
built into the detector by the manufacturer.
When there is a high frequency of occurrence
of closely spaced, high-speed vehicle traffic,
a short detector held time is needed to obtain
accurate volume measurements. Other
applications may require a high resistance to
multiple counts provided by the long hold
time, as when detecting long wheelbase
vehicles.

7.7.2.2 Reliability

The periods in which vehicle counts did not
meet Chauvenet's criterion {i.e., those
periods where readings were greater than
2.81 times the standard deviation of the mean
daily counts) were treated as a failure of the
detector under test to provide accurate data.
This was in addition to any detector data
dropout times recorded by the Los Angeles

Department of Transportation's Automated
Traffic Surveillance and Control (ATSAC)
computers. The ATSAC analysis computation
returns a zero accuracy value if the detector
under test returns a zero volume when the
inductive loop detector returns a non-zero
volume. Thus, any 15-min period in which
the test detector accuracy was zero was
considered to be an undercount failure. An
analysis algorithm also tested for ghost
signals generated by the detector under test in
the absence of vehicles detected by the
calibrated loops.

As a measure of the reliability of detector data
output, the detector data dropout ratio {D3R)
shown in Table 7-16 was computed as

D3R = 96/(Number of Zero Accuracy
Results + Number of Ghost Signals) (7-2)

where 96 is the number of 15-min periods
per day.

Table 7-16. Detector Data Dropout Ratio for Detectors Under Test

2°'of Detector Data Dropout Ratio | DA in Hours'
Whelen TDN-30 Microwave Deteclor 74.67
Microwave Sensers TC-20 Microwave Detector 69.52
Sumitomo SDU-300 Ultrasonic Detector 59.29
Eitec Infrared Detector (#430) 51.69
Microwave Sensors TC-30C Ultrasonic Detector 42.89
Eltec Infrared Detector (#429) 42.00
Microwave Sensors TC-26 Microwave Detector 41.14
Magnefometer Lane #3 38.77
SEO 780D1000 Laser Radar Detector 36.08
Magnetometer Lane #1 27.24
Magnetometer Lane #2 19.02

*Detector data dropout ratio accounts for the number of 15-minute intervals in which:
(1) the test detector returns a zerc volume and the inductive loop detector returns a
non-zero and (2) the test detector returns a non-zerc volume and the inductive loop

detector returns a zero.
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The laser radar dropout ratio calculated from
the April to June 1993 data (shown in the
table) was degraded by a 2.25-h interval on
June 23 (survey day 16) during which no
data were output by the laser radar. The
problem was at the detector site and did not
apparently involve the local signal controller
or existing communication network. Whether
the data dropout was due 1o the detector itself
or to the detector's power supply could not be
determined from the available information.
However, even with this outage, the perform-
ance of the laser radar was comparable to that
of the other detectors.

Sumitomo raised other issues that may have
affected the accuracies reported in Table
7-15 with respect to undercounting of
vehicles. They pointed out that vehicle lane
changing may have occurred in the region
between the overhead detectors and the
calibrated loops, although this did not appear
to be a significant problem.
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The measures of data output reliability used
in the Los Angeles evaluation (namely, daily
percent downtime and detector data dropout
ratic) are not meant to be absolute measures
of the detector's hardware reliability. The
data dropout ratios simply provide a compar-
ison between the various detectors as they
operate with the current California Type 170
Traffic Signal Controllers, and their ability to
cope with the traffic conditions encountered
during the tests. Therefore, some of the
dropouts or gross inaccuracies in the
detectors under test may be caused by either
compatibility problems with local equipment
or unusual traffic conditions. Hard

reliability figures for the inductive loop
detectors are not available. Hence, the
numbers shown in Table 7-16 should be used
only as relative values for comparing the data
dropouts from the detectors during this test.
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8. TASK F SUMMARY

DEVELOP VEHICLE DETECTOR FIELD TEST SPECIFICATIONS
AND FIELD TEST PLAN

8.1 TEST OBJECTIVES

The primary objective of the field tests was to
quantify the performance of traffic detector
technologies with respect to the types and
accuracy of the data they provide for the IVHS
applications identified in the Task A report.(1)
The detectors were evaluated in freeway and
arterial street traffic. The video recording of
the traffic flow in the detectors’ field of view
provided truth data for vehicle count and
presence against which to compare detector
output data from the technologies under test.
Speed guns and probe vehicles were also used
to supply truth data.

A second objective was to expose the detector
technologies to a variety of weather
conditions. This required the selection of
geographically diverse test sites and seasons
in which to conduct the tests and the
capability to not only measure the accuracy of
the traffic data supplied by the detectors, but
also to monitor and record the environmental
conditions prevailing throughout the tests.

The third objective was to compare the
performance of the new detector technologies
with that of current inductive loop detectors
(ILDs) and magnetometers.

The fourth objective was to engage diverse
vehicle and driver populations in different
regions of the United States in the detector
technology performance evaluation and, thus,
enhance the national applicability of the test
results.

8.2 DETECTOR TECHNOLOGIES
EVALUATED

Table 8-1 lists the detectors and the technol-
ogies they represent that were evaluated in
the field test program. Inductive loop
detectors were also included in the test
matrix, although they are not listed in the
table. A list of detector manufacturers is
provided in Appendix B.
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8.3 TRAFFIC PARAMETERS MEASURED

Flow rate, speed, and density, or its surrogate
occupancy, are an interrelated set of traffic
parameters used to describe the quality of
traffic flow on a highway. To measure flow
rate accurately, detectors need to discrim-
inate between vehicles where there are gaps
on the order of 25 feet (7.6 m) and time
headways of 1 to 2 seconds. Speeds can be
measured using ILDs in speed traps composed
of two closely spaced (15 to 20 feet [4.6 to
6.1 m] apart) loops excited by oscillators
that are continuously dedicated to each loop in
the pair, or less accurately with a single loop
and an assumed vehicle length. Some
microwave detectors, such as the device that
transmitted a frequency modulated continuous
wave (FMCW) and the laser radar evaluated

in this project, measure speed by noting the
time it takes for the vehicle to arrive at two
points a known distance apart. Microwave
Doppler and ultrasound detectors measure
speed using the Doppler effect.

Density (vehicles per mile per lane) is
difficult to measure directly, except with
some type of picture format, such as video
imaging or aerial photography. Consequently,
tane occupancy (the percent of time the
detection zone of a detector is occupied by a
vehicle) has been used as a surrogate measure
for density. In this case, the requirement to
discern the boundaries of vehicles is much
more stringent than for counting. Accurate
occupancy measures require discriminating
between vehicles and gaps to within 1 to 5
percent of their true values, as discussed in
the Task A report.()

Other traffic parameters important for traf-
fic management are presence, queue length,
travel time, intersection turning movements,
and vehicle classification. Presence needs to
be measured, even if the vehicle is stationary,
for applications that include intersection
controt and ramp metering. Therefore,
detectors which require motion in order to be
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Table 8-1. Detectors and Technologies Evaluated During Field Tests

Symbol Technology Manufacturer Model Quantity
U-1 Ultrasonic Doppler Sumitomo SDU-200 1
(RDU-101)
U-2 Ultrasonic Presence Sumitomo SDU-300 ¢ heads,
1 controller
U-3 Ultrasonic Presence Microwave Sensors TC-30C 2
Microwave Detector
M-1 Motion Microwave Sensors TC-20 2
Medium Beamwidth
Microwave Detector
M-2 Doppler Microwave Sensors TC-26 2
Medium Beamwidth
Microwave Detector
M-42 Doppler Whelen TDN-30 2
Narrow Beamwidth
Microwave Detector
M-5 Doppler Whelen TDW-10 2
Wide Beamwidth
Microwave Radar .
M-6 Presence E[esité;rgc Integrated RTMS-X1 2
Narrow Beamwidth y
IR-1 Active IR Schwartz Electro- 780D1000 1
Laser Radar Optics {Autosense |)
Passive IR
IR-2 Presence Eltec 842 1
Passive IR
IR-3 Pulse Output Eltec 833 1
IR-4b Imaging IR Grumman Traffic Sensor 1
VIP-1 Video Image Processor | Econolite Autoscope 2003 1
VIP-2 Video Image Processor Comput_e‘r Traffic Analysis 1
Recognition Systems System
VIP-3¢ | Video Image Processor | Traficon CCATS-VIP 2 1
VIP-4® | video Image Processor | Sumitomo IDET-100 1
VIP-54 | Video Image Processor | EVA 2000 1
A-1¢ Passive Acoustic Array | AT&T SmartSonic TSS-1 1
) - . Self-Powered
MA-1 Magnetometer Midian Electronics Vehicle Detector 2
L-1P Microloop 3M 701 4
T-1b Tube-Type Counter Timemark Delta 1 1

a. M-3 was designated for a microwave radar detector that was not received.
o Used at all Arizona test sites.

b. Used at Tucson, Arizona test site only.
d  Used in Phoenix, Arizona 7/94 test only. e
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Used in Phoenix 11/93 and Tucson tests.
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activated, such as passive magnetic detectors
and others that transmit continuous wave
energy, cannot perform this task. Queue
length, as density, requires wide-area
detection to be measured directly.

Travel time is inversely proportional to
average speed. For travel time to be measured
directly, the same vehicle has to be identified
at several points along a highway using either
(1)} a roadside-mounted detector or (2) a
vehicle identification device mounted on the
vehicle that is interrogated by readers
deployed along the highway system. Thus,
travel time could be a side benefit of
instituting an automatic vehicle identification
{AVI) system in which the vehicles act as
"probes.” Vehicle classification could also be
an offshoot of AVI if it was widely deployed.
However, AVI systems are considered beyond
the scope of the field testing portion of this
project. Imaging systems, high-resolution
ranging systems such as active infrared and
some ultrasonic systems, and ILDs coupled
with special vehicle transmitters and

receiver amplifiers also have vehicle
classification ability.

8.4 ENVIRONMENTAL FACTORS

The environmentatl factors considered during
the field tests were precipitation, wind,
temperature, barometric pressure, acoustic
noise, electromagnetic interference, shadows,
and vibration.

8.4.1 Precipitation

Precipitation in the form of rain and snow
affects the operation of visible, infrared, and
ultrasonic detectors. In addition, fog and mist
have a detrimental effect on those detectors
using the visible and infrared spectrum.

8.4.2 Wind

Wind is a factor in ultrasonic detector
operation as it causes turbulence that can
distort the ultrascnic waveform. The
Sumitomo SDU-200 ultrasonic speed detector
is designed to operate at wind speeds up to 56
mi/h (25 m/s). Wind is also a cause of

detector movement, discussed further in the
section on vibration.

8.4.3 Barometric Pressure

Barometric pressure changes may affect the
speed of propagation of uitrasonic waves and
thus the accuracy of range measurements. An
automatic calibration feature on some ultra-
sonic detectors, such as those from Sumitomo,
eliminates most weather-related effects.

8.4.4 Acoustic Noise

Acoustic noise in the audible or ultrasonic
ranges could conceivably interfere with the
operation of passive acoustic arrays and
ultrasonic detectors. However, the relatively
small and focused field of view used by the
overhead detectors makes this event unlikely.

8.4.5 Electromagnetic Interference

Electromagnetic interference has the potential
to affect the operation of all types of traffic
detectors, as it can enter through the aperture
of the detector or through the enclosure that
protects the electronics that process the data.
Broad-spectrum electromagnetic interference
can thus insert noise into the signal and data
processing hardware. For the special case of
microwave detectors, interference may occur
when the detector is operated in the vicinity
of high-power radars transmitting at nearby
frequencies. The use of radars for speed
enforcement by local police did not interfere
with the operation of the microwave detectors
during the field tests. Computers and video
monitors produced interference that degraded
the operation of the SPVD magnetometer
receiver when the receiver was not isolated

on its own AC circuit.

8.4.6 Shadows

Shadows can affect the operation of video
image processors. During cloudless midday
operation, the contrast between shadow and
sunlit areas can be great, perhaps leading to
false declarations of shadows as vehicles. In
addition, low-angle direct sunlight and glint
from the reflection of sunlight off other
surfaces can produce glare in the scene or on
the detector lenses. These effects can be
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eliminated or reduced through advanced signal
processing and proper mounting of the VIP
camera.

8.4.7 Vibration

Vibration can pose a problem both for the
image processing detectors and possibly for
some of the other detectors mounted above
ground. This is most likely to occur when the
detectors are mounted on high poles, or when
video images are obtained with a long focal-
fength lens. Wind is likely to be a common
cause of vibration; but for detectors located on
structures, vibration could also develop from
heavy trucks moving across or below the
structure.

8.5 GROUND TRUTH

Accurate data against which to evaluate state-
of-the-art detector technologies were
obtained from the recorded video of the traffic
flow. A video home system (VHS) format
video camera and computer-controlled video
cassette recorder (VCR) with stop-motion
capability were used to manually sample the
recorded video to obtain count, volume, and

presence truth data. A data logger system that

automatically records, time tags, and displays
the vehicle detections from all the detectors
under test was developed to simplify the data
analysis process. The data logger is described
later in this section and in Appendix C.

In addition to serving as a database from
which traffic parameter truth data are
obtained, the video provides a visual record of
environmental conditions encountered during
testing and a visual record to aid in resolving
anomalies that may arise during data analysis.

By analyzing the video record off-line,

manual counts were made to verify the real-
time data collected by the detectors. The
following comments illustrate how the video
imagery was used to obtain ground truth data
for selected traffic parameters.

8.5.1 Volume

Volume data were obtained manually by
replaying the video to count the required
vehicle types and movements, such as lane
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crossings. The time stamp of detector output
events provided by the data logger, along with
the recorded video tape index number, allowed
correlation of video imagery with detector
data.

8.5.2 Speed

Speed ground truth data were obtained by
driving a marked probe vehicle through the
detection zone during data coliection periods.
The driver recorded vehicle speed, lane, and
approximate time for each run. The exact
time was obtained from the corresponding
time stamps supplied by the data logger. The
probe vehicle was identified by hanging a flag
from the radio antenna or the truck lid, by
inserting a traffic cone through the window of
the probe, by driving with the trunk open, or
by waving a hat or other object from the
window of the vehicle while driving through
the field of view of the camera. Beginning
with the Tucson runs, a Detector Systems
vehicle-mounted transducer was used to emit
a vehicle identification code that was picked
up by the inductive loops and recorded by the
data logger. Speed truth data were also
manually recorded from a police radar during
the evaluations at the Orlando freeway site.

8.5.3 Occupancy and Presence

Occupancy and presence data were verified by
superimposing the detector relay closure
event on the video whenever the detector
sensed a vehicle within its capture zone. This
procedure is controlled by the application-
specific Phase Il software written for the data
analysis process.

8.5.4 Queue Length, Turning
Movements, and Vehicle
Classification

When available as outputs from detectors,
these parameters can be manually verified
from the video.

8.6 TRAFFIC DATA COLLECTION
REQUIREMENTS

The data coliection requirements differ
slightly for the freeway and surface arterial
test locations.
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8.6.1 Freeway Test Locations

For the freeway test sites, count, flow rate,
speed, and occupancy were measured by the
detectors under test and compared with
simultaneous data obtained from inductive
loop detectors and video during peak and off-
peak hours.

8.6.2 Surface Arterial Test Locations

Data to calculate presence, flow rate, speed,
and occupancy were recorded for the
signalized intersection environment on a
signal cycle-by-cycle basis and categorized

signal cycle-by-cycle basis and categorized
for peak and off-peak periods. Queue length
and turning movements were not output by
any of the detectors evaluated.

8.7 TEST SITE LOCATIONS

The detector technology evaluation sites were
located in Minneapolis, MN; Orlando, FL;
Phoenix, AZ, and Tucson, AZ as shown in Table
8-2. The expected weather conditions are
listed. Detailed descriptions are provided in
the Task B report.(2)

Table 8-2. Test Sites

City Freeway Surface Arterial Weather Test Period
Minneapolis  |-394 at Penn QOlson Highway at Cold, snow, sleet, Winter 1992-1993
Avenue Lyndale Avenue fog
Orlando I-4 at SR 436 SR 436 at I-4 Hot, heavy rain, Summer 1993
lightning
Phoenix I-10 at 13th Not applicable Warm, heavy Autumn 1993
Street rain, lightning
Tucson Not applicable Oracle Road at Auto  Cool to warm, Winter-Spring
Mall Drive heavy rain, 1994
lightning
Phoenix [-10 at 13th Not applicable Hot, heat waves, Summer 1994
Street heavy rain,
lightning

8.8 DETECTOR INSTALLATION

8.8.1 Site Preparation

Site preparation included arranging for the
housing and installation of data recording
equipment in a portable trailer, installing
sufficient data and power cables to connect the
detectors with the data recording apparatus
and power supplies, painting of calibration
marker distances on the roadway surface, and
obtaining descriptions of each of the [LDs that
were installed for the tests.

Calibration distance markers were painted
across each lane or on the shoulder of the test
section of roadway, where possible, to aid in
measuring the distance of vehicles from the
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above-the-road detector mounting location
and for VIP calibration. The stripes were
painted at 5- to 25-foot (1.5- to 7.6-m)
intervals (depending on the requirements for
VIP setup and calibration) out to
approximately 300 feet (91.4 m), with the
zero-foot mark located at the detector
mounting location.

8.8.2 OQOverhead Detector Mounting

In order to have space to mount and operate all
the overhead detectors at the same time, they
were attached to two or more grids
constructed of 1.5-inch (38.1-mm)

galvanized pipe and secured with various

types of pipe clamps or manufacturer-

supplied mounting hardware. When the
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mounting of the detectors on the pipe grids
was not practical, they were attached directly
to the overhead structure.

The pipe grid was connected to a central
ground in the trailer at the equipment rack to
minimize ground currents that affect some
detectors. An uninterruptable power supply
and lightning protection devices on all input
data lines were used to help protect data
recording equipment.

8.8.3 Overhead Detector Layouts

The overhead detectors were configured into
arrays at each evaluation site. Specific
conditions, such as the number of active
traffic lanes and the existing structures
available on which to mount detectors,
influenced the specific configuration and
array mounting technique.

8.8.4 In-Ground Detectors

The detector evaluation site layout accommo-
dated the requirement to compare ILD and
magnetometer technology performance with

“that of the above-ground detectors. The
location of the buried detectors were indicated
by temporary pavement markings, sealants
used in the installation process, or traffic
cones on the shoulders when snow was
present. These markings appear in the video
record of the tests.

8.8.5 Cable Requirements

Detailed information about detector operation,
mounting, power requirements, and output
data are found in the detector manufacturers
operations manuals and the Task D report that
were supplied to the state agencies hosting the
field tests.(3) Summaries of the installation
requirements to accommodate detector size,
weight, data transmission, and power are
given in Table 8-3. Input power sources
included 115 VAC, 100 VAC,12 VAC, 12 VDC,
and 24 VDC. Wind-shear loads on the bolts
that attach poles to the subground support
structure were taken into account. About 200
lines were required for input power and data
output. Detector output data and 115-VAC
input power were not transmitted in the same
cable to lessen the likelihood of data
corruption by the power lines.

8.9 TEST PROCEDURES
8.9.1 Run Times

The detectors were operated for several
multi-hour time intervals during a 24-h

period to obtain data for various levels of
traffic flow and different light levels and
lighting transition pericds throughout the day
and night. Shadows and daylight-to-darkness
transitions were encountered with this test
regime. Typical runs started at predawn and
continued through the end of the morning rush
hours. A second run was made each day
beginning at about 3:30 in the afternoon and
centinuing well into nighttime darkness. As
these two runs spanned light and heavy traffic
and various lighting conditions, a midday run
was unnecessary most of the time. They were
made, however, when traffic or weather
conditions dictated.

8.9.2 Weather Data

Temperature and wind speed and direction
were recorded on the data logger. Tempera-
ture sensors were generally placed in two
locations, one on the detector mounting
structure and another near the ground
surface. The wind sensors were placed on an
8- to 15-foot (2.4- to 4.6-m) high pole

near the trailer or the side of the road. When
available, daily hour-by-hour weather

records were obtained from local newspapers.
A record of any visible precipitation was made
on the video tapes recorded for each run. The
official weather observations at each field test
site were obtained from the National Climatic
Data Center (NCDC) in Asheville, NC after the
tests were completed as contained in Appendix
J.

8.9.3 Equipment Checkout Runs

Once the detectors were installed, checkout
tests were performed to ensure that the
equipment was functioning in a manner
consistent with the laboratory tests described
in the Task C and E reports and the specifica-
tions of the detector manufacturers.(4.5) In
the checkout tests, marked vehicles traveling
at known speeds traveled through the detector
test area. Normal traffic was also used to
verify that the detectors are responding to
vehicles passing through their fields of view.
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Table 8-3. Detector Installation Requirements

Detector Manufacturer Input Detection Discrete Serial
Symbol and Power Range Detector Detector
Model Number (feet) Cutputs Outputs
Relay Centacts: Detection by vehicle
U-1 Sumitomo 80-110 VAC 26 max 2 amp max length: 1 bit;
SDU-200 & Watts 500 V max Speed (binary): 8 bits;
100 VA max Speed (in terms of
pulse width): 1 bit
Relay Contacts:
y-2 Sumitomo 80-110 VAC 5to 26 2 amp max
SDU-300 6 Watts 500 V max
100 VA max
Microwave 6-12 vDC Relay Contacts:
U-3 Senscrs 12-24 VAC 3 to 22 FormC, 5 A @ 24 VDC
TC-30C 150 mA
Microwave 10-24 VAC Relay Contacts:
M-1 Sensors 12 vDC 3to 100 FormC, 2 A
TC-20 250 mA
Microwave 12-24V 200 max Relay Contacts:
M-2 Sensocrs AC or DC {autos) FormC,5 A @24 VDC &
TC-26 350 mA 5-5V logic level outputs
Whelen 11-15 VDC Two opto-isolator RS-232
M-4 TDON-30 200 mA 100 max outputs: 40 V holdoff, @ 1200 or
ON <1V @ 50 mA 2400 baud
Whelen 11-15 vDC Two opto-isolator RS-232
M-5 TDW-10 200 mA 100 max outputs: 40 V holdoff, @ 1200 or
ON <1V @ 50 mA 2400 baud
Electronic 95-135 vAC 12 isclated o.c. RS-232
M-6 Integrated Systems 150 mA 200 max contact pairs (1 pr/ln) data bus
RTMS-X1 rated for SO0mA @ 30 V @ 9600 baud
Schwartz 115 VAC RS-232 for
R-1 Electro-Optics 20 Watts 510 50 Presence Relay speed, count,
78001000 and range
Eltec 95-135 VAC Relay OQutput:
IR-2 842 10 watts max 21 to 54 3.5 A, 250 VAC
300w
Eltec 100-130 VAC Refay Output:
IR-3 833 M2 22 mA 16 to 98 3.5A,120 VAC
200 VA
Grumman RS-232 data
IR-4 lIR Traffic Sensor 115 VAC up to 1000 @ 9600 baud
Econolite/ 115 VAC RS-232 data
VIP-1 Autoscope 100 Watts up to 300 RS-170 Video @ 2400 or
2003 9600 baud
Computer Recognition 95-132 VAC CCIR standard or RS-422, RS-232
VIP-2 Systems 400 VA up to 300 RS-170 Video. Opto 22 Relays
Traffic Analysis System Also VME bus 16-bit parallel
RS-232C data
VIP-3 Traficon CCATS-VIP 2 115 VAC up te 300 RS-170 Video ® 9600 baud
Sumitomo 100 VAC RS-232 data
VIP-4 IDET-100 =200 VA RS-170 Video @ 9600 baud
41 VAC £ 15% RS-170 Video or RS-232 data
VIP-5 EVA 2000 48 VDC +15% { up to 300 CCIR PAL up to 19200 baud;
25 to 35 Watts RS-422 to 64k baud
AT&T 24 VvDC Two opta-isolator 170/NEMA
A-] TS5S-1 250 mA cutputs interface
1ft=0.305m
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Table 8-3. Detector Installation Requirements (continued)

Detector| Depth Width Height Weight Height Above Angle From Beamn- Lock Look
Symbol {{inches)] (inches) (inches) | (pounds) Roadway Vertical width Up- Down-
(feet) (degrees) {degrees) | Stream? |Stream?

U-1 6.6 11.8 7.2 Not available| 16.4 to 18.0 34 to 55 15 Yes No

u-2 6.3 6.3 5.1 Not available 0 13 Nadir Nadir

U-3 7.0 4.5 4.0 3.0 121018 0 20 Nadir Nadir

16 Az
M-1 7.5 4.5 4.5 4.0 12t0 18 20t0 70 15 El Yes Yes
16 Az
M-2 7.0 4.0 4.0 3.0 14to18 20t0 70 15 El Yes Yes
Incidence angle is
M-4 10.0 12.0 10.0 10.5 16 to 32 45 deg when 7 Yes Yes
properly mounted
Incidence angle is
M-5 -10.0 12.0 10.0 10.5 12 to 40 =70 deg when 25 Yes Yes
properly mounted
15 Az
M-6 6.0 1.0 9.0 10.0 16 to 32 =50 El Yes Yes
1 mrad (El)

IR-1 6.3 6.3 3.5 6.0 15t0 20 O to 45 X 9.40 (Az) [ Yes No

IR-2 8.7 4.7 3.1 6.0 15to 20 45 to 68 4 Yes Yes

IR-3 8.3 4.7 3.2 3.0 13to 20 14 to 43 Yes Yes

HFOV = 27°
IR-4 30 9.0 7.9 25.0 320 (H) x Yes Yes
240 (V)
pixels

VIP-1 10 17.5 5.75 Yes Yes

VIP-2 Yes Yes

VIP-3 9.0 3.0 7.0 Yes Yes

ViP-4 14.0 Yes Yes

VIP-5 9.3 12.4 10.7 6.6 33 to »58 Yes Yes

6 (3 dB)

A-1 3.5 22.0 22.0 25.0 20 to 35 20 (10 dB) Yes Yes
1in=25.4 mm
1ft=0305m
11 =0.454 kg

8-8
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8.9.4. Video Feed to Image Processors

At most sites, black-and-white video imagery
was supplied by a common camera and a video
distribution amplifier to the VIPs, monitors,
and VCR. The Autoscope system, however,
used a separate camera designed specifically
for its processor, except in Minnesota where

a Burle camera supplied by MnDOT was used.

8.10 DATA RECORDING AND ANALYSIS

A PC-based data logger, shown in Figure 8-1,
automatically recorded and time-tagged data
and assisted in their analysis. Application-
specific software run by the 386 PC

formatted the VCR video tapes and issued stop
and start commands to the VCR. Video tape
index numbers were recorded by the data
logger to correlate with the time tags and
detector-output events.

The data logger is capable of recording 8
analog signals, such as Doppler frequency, air
temperature, and wind speed and direction;
16 relay-based detector output transitions;
40 optically isolated detector output
transitions; and 16 RS-232 serial inputs.
Since the protocols for reading the serial data
are unique to each detector, the detector's
serial output was connected to a specific RS-
232 input port on the data logger as identified
in Figure 8-1. Further description of the

data logger is given in Appendix C.

The Phase |l software developed for the data
logger converts the raw input data into
comma-delimited format, and Paradox
software converts that into a database from
which a direct comparison of speeds, counts,
occupancies, etc. can be made across the
detectors. The database values can be plotted
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as a function of time or green-phase cycle
length using a program such as Mathcad to
simultaneously display parameters from the
selected detectors. Statistics such as means
and standard deviations can also he computed
to assess the accuracies of the detectors.

In Tucson, data produced by high-frequency
sampling of the change in inductance produced
by the passage of a vehicle over inductive
loops were recorded on a dedicated personal
computer and hard drive along with time
stamps supplied by the data logger computer.
The high sampling rate needed to reproduce
the frequencies of interest required a separate
computer and hard drive to prevent
overloading of the drive on which the other
detector output data are recorded. Waveforms
associated with the passage of vehicles
through the magnetic field produced by an
array of magnetometers were recorded on a
Metrum recorder located in the field trailer.
These were transcribed onto suitable magnetic
media that are compatible with the data
analysis system.

8.11 SECURITY FOR THE EVALUATION

SITE

Provisions were made to secure the trailer
and equipment from burglary. These
measures included the installation of extra
locks and a cellular-phone-based security
system that automatically notified appropri-
ate authorities in the event of unauthorized
access to the trailer or a fire. Land-line
telephone service was installed in the trailer
as well when it was available. When a
possibility existed for the public to interfere
with the operation of the overhead detectors,
measures such as fencing off the detectors
from public access were employed.
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Install Vehicle Detectors at Field Sites and Coilect Field Test Data

9. TASK G

INSTALL VEHICLE DETECTORS AT FIELD SITES AND COLLECT FIELD
TEST DATA

Six field sites were selected in which to
evaluate modern detector technologies suitable
for traffic management on freeways and
surface streets. Table 9-1 summarizes the
location, evaluation period, weather, and
traffic flow direction at each site. The

Phoenix freeway site was visited twice in
order to obtain hot weather data that were not
gathered during the first visit. The detectors
installed at the sites and the technologies they
represent are listed in Table S-2.

Table 9-1. Descriptions of Detector Technology Evaluation Sites
Location Evalu_atlon Weather Traffic Directiorn
Period
Minneapolis freeway: Winter 1993 | Cold, snow, sleet, fog Departing (AM);
-394 at Penn Avenue Departing and
approaching (PM)

Minneapolis surface street: Winter 1993 | Cold, snow, sleet, fog Departing

Olson Highway at East Lyndale

Avenue North

Orlando freeway: Summer 1993 | Hot, humid, heavy rain, | Approaching

I-4 at SR 436 lightning

Orlando surface street: Summer 1993 | Hot, humid, heavy rain, | Departing

SR 436 at i-4 lightning

Phoenix freeway: Autumn 1993 | Warm, rain Approaching

I-10 at 13th Street

Tucson surface street: Winter 1994 |Warm Departing

Oracle Road at Auto Mall Drive

Phoenix freeway:
[-10 at 13th Street

Summer 1994

Hot, low humidity,
thunder storms, lightning

Approaching

9.1 MINNEAPOLIS EVALUATION SITES

The Minneapolis freeway site at 1-394 and
Penn Avenue is shown in Figure 9-1 as the
overhead detectors were installed. The boom
truck was used to attach the pipe trees to the
concrete overpass structure and adjust the
alignment of the detectors so that they
observed fraffic in their designated lanes and
at manufacturer-specified incidence angles.
Details of the pipe tree attachment to the
overpass are contained in Appendix E. This
site was unique in that a reversible traffic
flow lane was instrumented with several
detectors along with the permanent eastbound
freeway lanes. The reversible lane was

located between the nonreversible westbound
and eastbound lanes as shown in Figure 9-2.
Data from approaching traffic using the
reversible lane was recorded during afternoon
rush hours. The approximate locations of the
areas viewed by the detectors are indicated in
the figure. The size of the ground footprints
of the detectors is a function of the mounting
height, aperture beamwidth, and incidence
angle as tabulated in Appendix F.

Overhead detector mounting locations on the
pipe tree are shown in Figures 9-3 and 9-4.
Lane 1 refers to the reversible lane, lane 2 to
the leftmost eastbound lane, and lane 3 to the
rightmost eastbound lane. The lowest pipe on
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Table 9-2. Detectors Used During Field Tests

Symbol JTechnology Manufacturer Model Output Data
u-1 Ultrasonic Doppler Sumitomo SDU-200 Count, speed
(RDU-101)
U-2 Ultrasonic Presence Sumitemo 50U-300 Count, presence
U-3 Ultrasonic Presence Microwave Sensors TC-36C Count, presence
M-1 Microwave Detector Microwave Sensors TC-20 Count
Motion
Medium Beamwidth
M-2 Microwave Detector Microwave Sensors TC-26 Count, speed
Doppler binning
Medium Beamwidth
M-4a Microwave Detector Whelen TDN-30 Count, speed
Doppler
Narrow Beamwidth
M-5 Microwave Detector Whelen TDW-10 Count, speed
Doppler
Wide Beamwidth
M-8 Microwave Radar Electronic Integrated RTMS-X1 Count, presencs,
Presence Systems speed,
Narrow Beamwidth occupancy
IR-1 Active IR Schwartz Electro-Optics | 78001000 Count, presence,
Laser Radar {Autosense ) speed
IR-2 Passive IR Eltec 842 Count, presence
Presence
IR-3 Passive IR Eltec 833 Count
Pulse Output
IR-4b Imaging IR Grumman Traffic Sensor | Presence, speed
VIP-1 Video Image Processor | Econolite Autoscope 2003 | f
VIP-2 Video Image Processor | Computer Recognition Traffic Analysis |f
Systems System
VIP-3¢ Video Image Processor | Traficon CCATS-VIP 2 !
VIP-4b Video Image Processor | Sumitomo IDET-100 f
VIP-5d Video Image Processor | EVA 2000 f
A-1© Passive Acoustic Array | AT&T SmartSonic Count
TSS-1
MA-1 Magnetometer Midian Electronics Self-Powered Count, presence
Vehicle Detector
L-1b Microloop 3M 701 Count, presence
T-1# Tube-Type Vehicle Timemark Delta 1 Count
Counter

maop

and alarm functions.

M-3 was designated for a microwave radar detector that was not received.
Used at Tucson, Arizona test site only.
Used in Phoenix, Arizona 7/94 test only.

c. Used at all Arizona test sites.
€. Used in Phoenix 11/93 and Tucson tests.
Count, presence, occupancy, speed, classification based on length. Some provide headway, density,
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Figure 9-1. Installation of Overhead Detectors at -394 Freeway Site
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Figure 9-2. Location of Detectors on I-394
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Figure 9-3. Detectors Over Eastbound and Reversible Lanes on 1-394
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Figure 9-4. -394 Overhead Detector Layout
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the pipe tree was 18 feet (5.5 m) above the
road surface and the separaticn betwesan pipes
was 2 feet (0.6 m). The black-and-white
video camera was located 24 feet (7.3 m)
above lane 2. A pair of 6-foot (1.8-m)
square inductive loop detectors was installed
in each of the three lanes with a 15-foot
(4.6-m) leading-edge-to-leading-edge
spacing. Inductive loop specifications used by
each of the states are furnished in Appendix G.
The self-powered magnetometers were not
available at this site. Traffic cones were
placed on the freeway shoulder at 50-foot
(15.2-m) intervals to aid in video image
processor field-of-view calibration.

The trailer that housed the detector data and
video recording equipment, power supplies,
and detector electronics is shown in Figure
9-5. It was located at the southeast corner of
the intersection of Penn Avenue with the
1-394 freeway, behind a barrier rail. About
200 wires were run from the trailer to the
detectors to supply power and record the
output data as shown in Figure 9-6.

After data acquisition at the freeway site was
completed, the trailer and overhead detectors
were removed and transported to the surface-
street evaluation site at Olson Highway and
East Lyndale Avenue North. Here, westbound
departing traffic was monitored as shown in
Figure 8-7. The trailer is shown in Figure
9-8. The pipe trees were fastened to a sign
bridge, as illustrated in Appendix E, that
spanned the westbound lanes. Two of the
overhead detectors, the TC-20 microwave
detector and the 780D1000 laser radar,
monitored approaching traffic. The laser
radar could only respond to approaching
traffic at this stage in its design (it was later
modified to monitor both approaching and
departing traffic), while the TC-20 was used
to provide vehicle-count data to compare with
the laser radar since the video camera did not
record traffic flow in this region. Cables
were run from the trailer on the south side of
Olson Highway to the overhead sign structure
on the north side of the street as shown in
Figure 9-9. A high-gain antenna was
mounted on one corner of the trailer to
receive signals from the self-powered
magnetometers. The overhead detector layout
for the Olson High-way site is shown in
Figures 9-10 and 9-11, White stripes,

9-7

spaced at intervals of 50 feet (15.2 m) as
measured from the sign bridge, were painted
on the edges of the westbound lanes to aid in
calibration of the field of view seen by the
video image processors.

Figure 9-12 shows Olson Highway being
cored in the center of the loops in lane 2
(middle through lane) for the self-powered
magnetometer detectors. The hole was
approximately 22 inches (55¢ mm) deep by
6 inches (152 mm) in diameter. Two to
three inches (51 to 76 mm) of cold patch
were placed on top of the magnetometer to seal
the hole as in Figure 9-13. The exira
magnetometer in the upper part of the
photograph shows the relative size of the
detector that was buried. A side-mounted TC-
30C ultrasonic detector and a Remote Traffic
Microwave Sensor (RTMS) microwave radar
were attached to a streetlight pole as shown in
Figure 9-14. The TC-30C monitored traffic
in lane 3 (the rightmost lane) of Olson
Highway and the RTMS-monitored traffic in
the three westbound lanes. Both detectors
were lowered from the positions shown in the
photograph before they were made operation-
al. Since the video camera did not record
traffic in this area, there is no video ground
truth for these two devices. The time of
occurrence of the green-phase signal at the
Olson Highway-Lyndale Avenue intersection
was recorded on a relay data logger input. The
green phase was used to correlate the occur-
rence of vehicle queues with detector output.

The electronics racks that housed the power
supplies, terminals for the outgoing power
and input data, video recorder, video monitor,
video image processor equipment, and induc-
tive loop electronics cards at the Minneapolis
sites are shown in Figure 9-15. In the lower
left of the photograph is the data logger with
the front panel removed. On the top of the
leftmost rack is the video monitor used to
observe traffic flow. Mounted in the rack,
from top to bottom, are the Autoscope 2003
electronics, a personal computer (PC)-
controlled video recorder, sliding shelf on
which the computer keyboard is shown, a
Type 170 chassis in which inductive loop
electronics cards were inserted, and power-
supply modules. The power output to the
detectors came from a panel on the right side
of this rack. The rack on the right of the
photograph shows the panel to which the



Final Report: Detection Technology for IVHS

9-8

z?ﬁf&”

il

Trailer at 1-394

Isition

Data Acqu

Figure 9-5.



Install Vehicle Detectors at Field Sites and Collect Field Test Data

v6E-] e si10103)ag 0} J19jled]l woil4 uny s|ge)n

'9-6 4nB|4

9-9



OL-6

N @nUaAY a|epuAT 1soMm

T North

I-94

Autoscope Detection Zones
Lane | Zone Zone Speed Zone
Type Number Length
1 Count 101 -
1 Speed 114 9.2 ft
2 Count 102 -
2 Speed 115 9.3ft
3 Count 103 -
3 Speed 116 9.3 ft

‘N 2nuaAy ajepuki 1se3

S,
(A
o,
> ,
5 < 3
o % 2
% - ®
" ) -
% % %
™ e )

Aga __ »
\27&37& 95 ft

anuaAy 3eQ

|, Autoscope Detection Zones {Bar=Count Zone, Rectangle=Speed Zone)
L— Inductive Loop Detectors

Through-Lane #2 “Iron Pipe Trees for i -
Through-Lane #1 ~ b Overhead Detector  — Olson Highway {TH-55) Westbound
T . — _Mounting _ . .. . . _—
Left-Turn Pocket ~ 335 ft
4 [ Trailer |

Lakeside Avenue

to leading edge

to leading edge

Inductive loop pair in Lane #1 is separated by 15 ft 8 in, leading edge
Inductive loop pair in Lane #2 is separated by 15 ft 5 in, leading edge
SPVD magnetometers are located in the centers of the loops in Lane #1

Detection zones for the loop emulation mode of Computer Recognition
Systems VIP correspond to the location of the actual inductive loops

1in=254mm
1ft=0.305m

Figure 9-7. Olson Highway Surface-Street Site in Minneapolis
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Figure 9-11. Oison Highway Overhead Detector Layout
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detector cutputs were connected before being
routed 1o the data logger. The connections
from the detectors to the data logger and
power supplies are shown in Appendix H for
all the sites.

9.2 ORLANDO EVALUATION SITES

The Florida freeway detector evaluation site
was located on |-4 at SR 436 just north of
Orlando in Altamonte Springs. The overhead
detector configuration of Figures 9-16 and
9-17 viewed approaching traffic in the
leftmost and middle lanes {lanes 1 and 2,
respectively) of the westbound freeway into
Orlando. The pipe trees were attached to the
north face of the SR 436 overpass. The
bottom pipe was 16.56 feet (5.05 m) above
the road surface in lane 1 and 16.26 feet
(4.96 m) above the road surface in lane 2.
Horizontal pipe sections were 2 feet (0.6 m)
apart. The modified Burle camera supplied
with the Autoscope VIP had an 8-mm, /1.4
lens and was mounted 24.26 feet (7.39 m)
above lane 2. Pairs of 6-foot {1.8-m)
square inductive loop detectors were installed
in lanes 1, 2, and 3 (the rightmost lane) as
shown in Figure 9-18. The self-powered
magnetometer detectors with 15-foot
(4.6-m) center-to-center spacing were
located in the center of the loops in lane 1.
The Autoscope detection zones, inductive loop
detectors, and camera field of view are shown
in Figure 9-19. The south loop in each lane
was not in the viewing area of the camera.

A TC-20 microwave detector was side-
mounted on an overpass support in the median
to view traffic in the left westbound lane of
I-4 as shown in Figure 9-20. The traffic
flow was at an angle of between 20 and 30
degrees with respect to the antenna boresight.
A side-mounted RTMS microwave radar was
bolted to a round wooden utility-type pole on
the shoulder of the eastbound lanes. The
antenna boresight of the datector was
perpendicular to the traffic flow as in Figure
9-21. The pole was set in a grassy area 16
feet (4.9 m) from the right edge of the right-
most eastbound freeway lane and 27 feet (8.2
m) from the north face of the SR 436
overpass. It monitored traffic in the three
westbound lanes within the viewing area of
the video camera. In this way, the video

-19

imagery could be used to obtain vehicle count
ground truth to calibrate the RTMS detector.
The side-mounted RTMS detector was also
configured to monitor traffic in the three
eastbound lanes. However, the video imagery
did not cover this area. The trailer, video
camera, overhead detectors, and chain-link
fence are also shown in the photograph.
Traffic cones and paint stripes numbered 1,
2, 3, ... (also shown in Figure 3-8} were
placed on the right shoulder of the westbound
freeway in 25-foot (7.6 m) intervals for
video image processor calibration.

The trailer was located on the shoulder of the
eastbound lanes under the SR 436 overpass.
This location was chosen so that the overhead
detectors could later be moved to the surface
street ahove the freeway without moving the
trailer. A high-gain antenna was mounted on
one corner of the trailer to receive signals
from the self-powered magnetometers. The
cables were run from the trailer along the
overpass to the detectors. A chain-link fence
was installed on the overpass to prevent
tampering with the overhead detectors and the
cables.

The data recording configuration used in
Oriando is shown in Figure 9-22. The edge of
the PC keyboard is at the extreme Jower left
corner of the photo. To its right is the Puma
88 drive that contains the removable 88MB
cartridges used to record the digital and analog
outputs of the detectors during each run. The
386 PC containing the application-specific
software that controls the data logger is to the
right of the Puma drive. The interface for the
16 detector RS-232 serial inputs is on top of
the computer. The main data logger is located
to the right of the computer. It contains
hardware and software that support the 8
analog detector outputs, 16 relay outputs, and
16 optically isolated detector outputs. To its
right is a panel on which the outputs from the
traffic detectors and environmental sensors
are connected as they enter the trailer on
cables. The Sumitomo electronics for the
SDU-200 (RDU-101) and SDU-300
ultrasonic detectors were placed on the floor
under the table. An uninterruptable power
supply and surge protectors on each data line
entering the trailer from the outside
protected the recording equipment from
lightning strikes.
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Figure 9-17. I-4 Overhead Detector Layout
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Boundary of Camera Field of View
(extends to approximately 200 ft upstream North
from north face of SR 436 overpass)
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/ \ ¥
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Figure 9-19. Location of Inductive Loop Detectors, Autoscope Detection Zones, and
Camera Field of View on |-4
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Figure 9-20. Side-Mounted TC-20 Microwave Detector on Overpass Support
Structure on [-4 Freeway Median

9-24



Install Vehicle Detectors at Field Sites and Collect Field Test Data

Figure 9-21. View Toward Eastbound |-4 Showing Side-Mounted RTMS Microwave
Detector, Trailer, Video Camera, and Overhead Detectors
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Sitting on top of the 18-inch (483-mm)
rack are a monitor that displays video of the
traffic flow, the receiver for the self-
powered magnetometer detectors, and a
speaker that emits a tone when a vehicle
passes over the magnetometers. Mounted in
the rack, from top to bottom, are the auxili-
ary data logger that records an additional 24
optically isolated detector outputs, a
computer-controlled VHS video recorder upon
which the traffic flow is recorded, a Type 170
electronics chassis in which inductive loop
electronics cards were inserted, and the Auto-
scope 2003 video image processor electron-
ics. Output power to the detectors is available
on the right side of the rack (not shown).

When the evaluation on the I-4 freeway was
completed, the overhead detectors were moved
to the SR 436 overpass and mounted behind
the signs on a sign-bridge structure. Here
they monitored westbound departing traffic on
the SR 436 surface arterial as shown in
Figures 9-23 and 9-24. The construction
details for the overpass are given in Appendix
I. The software in the 780D1000 laser radar
required it 1o monitor approaching traffic in
lane 1. A monochrome, 1/2-inch (12.7-
mm) (6.4- x 4.8-mm) Charge Coupied
Device (CCD) Cohu series 4810 camera with
an 8- to 48-mm zoom lens was mounted 32
feet (2.8 m) above lane 2. RS-170
resolution was 580 horizontal TV lines by 2
350 vertical TV lines. Figure 9-25 shows
the road surface as marked for video image
processor calibration. Since SR 436 went
over a bridge at the evaluation site, the self-
powered magneto-meters were mounted under
the road at the approximate center of the loops
in lane 2 as indicated in Figure 9-26. The
magnetometers were put into wooden boxes
that were placed on bridge vertical support
structures that were aiready located under the
overpass.

An RTMS microwave radar was mounted on a
specially erected pole on the south edge of the
overpass across the road from the westbound
janes as in Figure 9-27. It was aimed at
traffic (side viewing) in the stopbar region of
the roadway. During its calibration, the video
camera was repositioned to view traffic in the
area observed by the RTMS. After calibration
of the side-viewing unit, an interruption in
the serial communication between the RTMS

8-27

and the data logger occurred. As a result, no
valid data were recorded for the side-looking
unit at the Florida surface-street site. The
locations of the loops, self-powered
magnetometers, and Traffic Analysis System
calibration zones are shown in Figure 9-28.
The time of occurrence of the green phase
signal at the SR 436 and |-4 off-ramp
intersection was recorded using a relay data
logger input.

9.3 PHOENIX EVALUATION SITE

The westbound 1-10 freeway near Thirteenth
Street in Phoenix was used as the detector
evaluation site for regions representative of
warm and hot dry climates. This site was used
twice, once in Autumn 1993 and again during
the Summer of 1994. Approaching traffic
was observed by the overhead detector config-
yration shown in Figures 9-29 and 9-30
during the Autumn 1993 evaluation and by
Figures 9-31 and 9-32 during the Summer
1994 evaluation. The AT&T acoustic array
was designed to look downstream and view
departing traffic as shown in Figure 9-33.
The AT&T array and Sumitomo IDET-100
video image processor were evaluated in the
Autumn 1993 period. The EVA 2000 video
image processor was evaluated during the
Summer 1994 period. A side-mounted RTMS
microwave radar, shown in Figure 9-34, was
installed in the shoulder area on a wooden pole
aligned with the first inductive loop.

The stub antenna that received the signals
from the self-powered magnetometers
installed in the center of the inductive loops
in l[ane 2 was also mounted on this pole. We
found that the larger, higher gain antenna was
not needed since the trailer containing the
magnetometer signal receiver was relatively
close to the magnetometers. The higher gain
antenna also appeared to pick up more of the
noise generated by the PCs in the trailer, even
though it was attached to the outside of the
trailer. The noise prevented the receiver
from generating tones corresponding to the
signals transmitted by the magnetometers.
Another remedy that eliminated most of the
external noise from the magnetometer
receiver was to connect the receiver 1o its
own AC voltage circuit in the trailer.
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a. IR-1 and U-1 face approaching traffic. All other detectors face departing traffic.

b. IR-2 mounted on sign-bridge light fixture above lane 2, looking at traffic in lane 1.
M-6A mounted to sign-bridge span.

c. Measured from bottom of sign-bridge to high point of roadway.

- Existing sign-bridge span.

Figure 9-24., SR 436 Overhead Detector Layout
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SR 436 Marked With Calibration Distances for Video

Figure 9-25.

Image Processors
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Magnetometer Locations

SR 436 Road Surface Showing Induclive Loop and Self-Powered

Figure 9-26.
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Lane 1 Lane 2 Lane 3 West
(left thru lane) | (middle thru lane){(right thru lane)

“ M ¢ t $

Boundary of Camera Field of View

T
. . 60
Traffic Analysis System |
Calibration Region N \\\\\\\\}\
55 ft
—— 50 ft
— 45 ft
—T 40 ft
Traffic Analysis System ~37 ft@
Calibration Region _\5‘\\\\\\\\\\ 35 ft
—T 30 ft
: 25 ft
6 ft LD 2 s LD 4 fmt—
v
8ft11in
y
ILD 3
6 ft ILD 1 (0]
v SPVD*
b
47 in o .
. | O-ft reference = nadir direction for downward-looking detectors

* Mounted on SR 436 bridge support structure underneath the road surface

1in=254mm
1f=0305m

Figure 9-28. Location of Inductive Loop Detectors, Self-Powered Magnetometers,
Traffic Analysis System Calibration Regions, and Camera Field of View on SR 436
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Detectors Over Westbhound Lanes of Phoenix 1-10 Freeway Site

Figure 9-29.

(Autumn 1993)
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Overhead Detector Array for Phoenix I-10 Test Site
November-December 1993

M\\‘W“‘"‘“‘M"\\

et g

e
s

it
A

3
7

a1l

i
Z
%

Do

Autoscope Burle
Camera

{

b3

H

H

§ -2B

@,,,\“ M-6A

i
IR-1 MAB U-1

ADOT Burle
Camera

U-1 SDU-200
U-2 SDU-300
U-3 TC-30C
M-1 TC-20
M2 TC-26
M-4  TDN-30
M-5 TDW-10
M-6 RTMS
IR-1  780D1000
IR-2 842
IR-3 833

A-l SmartSonic TSS-1

S0L-LE0ib

Figure 9-30.

I-10 QOverhead Detector
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Layout {Autumn 1983)
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Figure 9-31. Detectors Over Westbound Lane of Phoenix I-10 Freeway Site
(Summer 1994)
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Overhead Detector Array for Phoenix 1-10 Test Site

July-August 1994
mew“\ Autoscope Burle g
Camera S b
N ,&\‘\\ § ‘ Amber Ca::\:{a
% § X 3 Radiapce I\\
. \ ‘ A\_"‘ “— IR Cafneray_ .|
$ % % ’i &),
Hie N e
— NN AN
ORI B \“\e“s\ ..]!1_-6_A_ \ -
X N | U Y
' / \AN\%
DN O oL N\ et 17
L>pa &, “- = \ ST IR-3
1R2 IS T
= U-2A3 -
)

-2B=

U-1 SDU-200
U-2 SDU-300
U-3 TC-30C
M-1 TC-20
M-2 TC-26
M-4 TDN-30
M-5 TDW-10
M-6 RTMS
IR-1 780D1000
IR-2 842
IR-3 833

Figure 9-32.

I-10 Overhead Detector

Layout (Summer 1994)
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Figure 9-33. Overhead Detectors at I-10 Freeway Showing AT&T Acoustic Array
Monitoring Departing Traffic (Autumn 1993)
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Locations of in-ground detectors and video
image processor calibration zones were
measured from the poles that support the sign
structure, as shown in Figures 9-35 and
9-36 for the Autumn 1993 evaluation and in
Figure 8-37 for the Summer 1994
evaluation. The downward-looking detectors
observed traffic directly below the sign
structure. The others, with the exception of
the acoustic array and the Eltec 833,
observed appreaching traffic in the vicinity of
the inductive loops. The acoustic array was
designed to detect departing traffic and was,
therefore, aimed toward the other side of the
sign structure, observing traffic in lane 2
(middle through-traffic lane).

The trailer was located at the far edge of the
shoulder for the westbound lanes at the top of

an incline as shown in Figure 8-38. The
cables were run out of the trailer through an
opening in the bottom, aleng the ground and to
the top of the wooden pole on which the side-
locking RTMS detector was mounted, and then
over to the sign-bridge structure.

The sign structure was accessed with a ladder
that led to a hatch in the walkway. The
detectors were attached to the walkway,
located 19 feet 8 inches (6.0 m) above the
freeway, or to vertical and horizontal
elements on the structure with an assortment
of clamps. The walkway provided a relatively
easy way to aim the overhead detectors at the
desired traffic lanes. The heights of the
detectors above the top surface of the walkway
are shown in Table 9-3.

Table 9-3. Heights of Detectors Above Walkway* at Phoenix 1993 Evaluation

Detector Symbol Height Above Walkway
SDU-200 (RDU-101) U-1 36 inches
SDU-300 U-2A, U-2B 8 inches to center of horn aperture
TC-20 M-1A 37-3/4 inches to bottom of detector
TDN-30 M-4A, M-4B 0 inch
TDW-10 M-5A 0 inch
RTMS-X1 M-6A 50 inches
780D1000 (Autosense 1) IR-1 0 inch
g42 fR-2 6 inches
833 [R-3 39 inches to bottom of detector

36 inches to center of lens
SmartSonic TSS-1 A-1 37 inches to bottom of array

43 inches to center of array

* Walkway is 19 feet 8 inches above freeway surface

Two video cameras were used in both the
Phoenix and Tucson locations, one for the
Autoscope video image processor and one for
the other image processors. The Autoscope
employed a specially modified camera to
provide imagery features that maximized its
performance. It was mounted 26-1/4 feet
(8.0 m} above the freeway road surface.
Since the Autoscope manufacturer believed
that his camera would enhance the
performance of the other image processors,
we obtained a second camera from the Arizona
Department of Transportation for the Autumn

9-40

1 in = 25.4 mm
1ft=0305m

1993 runs that provided imagery to the rest
of the image processors. This camera was a
Burle Model TC301 with a 12.5-mm, /1.4
lens. It was also mounted 26-1/4 feet (8.0
m) above the road surface and covered the
same viewing area as the Autoscope camera.

In Summer 1994, the camera was supplied by
Sumitome and was the model recommended for
use with the IDET-100 video image
processor. lts characteristics were: 1/2-
inch (12.7-mm) CCD format (6.2 mm x 4.6
mmy), auto iris on, Automatic Gain Control
(AGC) off, and 525 useful Electronic
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Lane 3 Lane 2 Lane 1
(right thru lane) | (middle thru lane)| (left thru lane) HOV Lane West

\ \ \ \ \

—11 ft —>+—11 ft —>f+—11 ft —

Boundary of Burle Camera Field of View

Traffic Analysis
System Calibration

Region (Striped
Areas)l Paint stripe
C-CATS VIP = s:/aflts
Calibration
Region f]
(Shaded area
extending
from =~ 34 ft
to 75 ft)
511" L
1 v = \ 611 " ’j
SPVD iLD 4
9!2!! —_—t 25 911 n
' ILD 1 ILD 3 1
Y 3
6 ft EF O 01 0 YL6ft EH
Y Yy
SPVD
to Receiver
Channel 1 to Receiver
Channel 4

0-ft reference: corresponds to location of poles that support the sign bridge
0 ft

1in =254 mm
1ft=0305m

Figure 9-35. Location of Inductive Loop Detectors, Self-Powered Magnetometers,

Traffic Analysis System and CCATS Calibration Regions, and Burle Camera
Field of View on [-10 (Autumn 1993)
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Lane 1
(left)

Autoscope Count
Detector Zone

STA M
Wire #31
OR2 #5

 I—

Wesi

70 ft

B0 ft

50 ft

Wire #29
OR2 #6

20 ft (Set
internally by
Autoscope for
vehicle speed
calculation)

STA 5M

Lane 2
(middle)
|
Traffic flow
direction
Autoscope Count
Detector Zone
STA 5M
Wire #35
OR2 #8
| S
Autoscope Speed
Detector Zone
Wire #33
OR2Z #9
Autoscope Count
Detector Zone
I
STA M [ -
Wire #34 4
OR2 #10 [_spw |
I L2

SPVD-=self-powered vehicle detector

Autoscope software version 3.23

0-ft reference: corresponds to location of poles that support the sign bridge

OR2 = rack-mounted chassis that contains optically isolated detector inputs 17-40

Wire #30
OR2 #7

Figure 9-36. Location of Autoscope Detection Zones on {-10 (Autumn 1993 and
Summer

1994)
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Lane 3 Lane 2 Lane 1
(right thru lane) (middle thru lane) (left thru lane) HOV Lane  West
{ \ \ \ \

11 ft —>—11 ft —»e—11 ft —»

Boundary of IDET-100 VIP Camera Field of View

3251t 80 ft
75 ft
70 ft

—— 65 ft Paint stripe
at 25-ft
intervals

C-CATS VIP Detection
Zones (Shaded areas at
30-32 ft and 48-50 ft)

5!«} 1 " RS
9I2!! -1 25 N
ILD 1 ILD 3 y >
3
- 4 o . 0 _!’_‘ 6 ft 01
Y
SPVD
to Receiver to Receiver
Channel 1 Channel 4

O-ft reference: corresponds to location of poles that support the sign bridge

0ft

1in = 25.4 mm
1 ft = 0.305 m

Figure 9-37. Location of In-Ground Detectors, CCATS Detection Zones, and
IDET-100 Camera Field of View on [-10 (Summer 1994)
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Figure 9-38. Data Acquisition Trailer on 1-10
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Industry Association (EIA) lines. During the
Summer 1994 evaluation, an infrared camera
was obtained from Amber and was used to
record concurrent imagery of the traffic flow
in the 8- to 12-um region of the infrared
spectrum on a third video recorder. However,
this infrared video was not frame or time
synchronized with the other detector data
recorded by the data logger. (The data logger
was designed to operate with two VCRs only.)
Because of lens focal length restrictions, the
area monitored by the Amber camera was
several hundred feet upstream of the sign
bridge and did not ceincide with the viewing
area of the other detectors.

The equipment rack as configured for Phoenix
in Autumn 1993 is shown in Figure 9-39.
On the top is one of the monitors, the
distribution amplifier for the video image
processors except Autoscope, and the CCATS-
VIP 2 videc image processor. Mounted in the
top of the rack is the Autoscope 2003. Below
it are the two PC-controlled VCRs, the Type
170 interface that holds the inductive loop
detector amplifier electronics cards and the
AT&T SmariSonics card, and the power supply
modules. Near the bottom of the rack is the
auxiliary data logger that supports up to 24
optically isolated detector inputs. Mounted on
the left side of the rack is the panel that
accepts the outputs from the detectors. A
connection panel on the right side of the rack,
shown in Figure 9-40, supplies input power
to the detectors.

Figure 9-41 shows the table on which were
placed the data logger, keyboard, 386 PC and
computer monitor, the video monitor for the
Autoscope camera, and the Puma 88 disk
drive. The DigiChannel interface for the RS-
232 detector serial outputs is on top of the
PC. The electronics for the Sumitomo SDU-
200 (RDU-101) and SDU-300 ultrasonic
detectors and IDET-100 videc image proces-
sor were located under the table. The Traffic
Analysis System (TAS) video image processor
is next to the table with the laptop PC.

The equipment rack as configured for Phoenix
in Summer 1994 is shown in Figure 9-42.
The layout of the equipment is similar to that
used before. On the left, above a monitor, is
the EVA 2000 video image processor. The TAS
video image processor is to the right of the
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rack on its shipping case. Unfortunately, it
was not operational during the Summer 1994
Phoenix evaluation because it was not shipped
with the configuration needed for freeway
traffic data collecticn. The table with the rest
of the electronics is shown in Figure 9-43.
The self-powered magnetometer signal
receivers and Detector Systems 613-SS
inductive loop detector amplifiers are on the
right side of the table. The data logger,
computer, and monitor are to their left. The
electronics for the Sumitomo ultrasonic
detectors and the uninterruptable power
supply are on the floor of the trailer as shown
in Figure 9-44.

In the Phoenix 1994 evalii~i 11, the Detector
Systems Model 613-3S 2. ve loop
detectors were used to aic i ground truth
vehicle speed measurement. Used in pulse
mede, they provided a solid-state optically
isolated transistor closure sach time a vehicle
passed over the loops. In addition, a probe
vehicle equipped with the Loop Comm Model
600A vehicle transmitter generated a pulse
cutput on another wire sach ime it passed
over one of the loops connecied to a 613-SS
detector. By mounting the transducer on the
bumper of our probe vehicle, as shown in
Figure 9-45, vehicle speed ground truth data
were obtained by noting the time, lane
number, and speed from the vehicle's speed
indicator when the probe vehicle passed over
a loop in a particular lane. This procedure
was repeated several times during a run for
each monitored traffic lane.

9.4 TUCSON EVALUATION SITE

The Tucson surface-street evaluation site was
located at the southwest corner of Oracle Road
and Auto Mall Drive, across the street from
the Tucson Mall. All three southbound lanes
were instrumented with loops and the right
and center lanes (lane 3 anc =ne 2,
respectively) had the oveiiicwd detectors
installed above them as - in Figures
9-46 and 9-47. The Autcscons and Sumitomo
IDET-100 VIP video cameras were used in
Tucson. The field of view % the IDET-100
camera (also used for CCATS)Y is shown in
Figure 9-48, along with tre :ocations of the
other detectors. The Autoscuna, CCATS, and
Grumman imaging infrarec c=iibration areas
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Figure 9-39. Data Recording Equipment Configured for 1-10 (Autumn 1993)
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Figure 9-40. Data Recording Equipment Showing Detector Power Panel
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9-48
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Figure 9-41. Data Logger, Computer, and Traffic Analysis System

Video Image Processor As Used on I-10 (Autumn 1993)
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Figure 9-42. Data Recording Equipment Configured for I-10 (Summer 1994)
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10

Figure 9-43. Data Logger, Computer, and Detectors as Configured for |
(Summer 1994)
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Figure 9-44. Sumitomo Ultrasonic Detector Electronics and Uninterruptable
Power Supply in 1-10 Trailer (Summer 1994)
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9-46. Detectors Qver Southbound Lanes of Tucson Oracle Road
Surface-Street Site

Figure

R
i

.,Zﬁjﬁg
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|-d 12ft S

4 Sumitomo
Camera

1 U-2AHM-5A HU-3B

U-1 SDU-200 (RDU-101)
U-2 SDU-300
U-3

_ TC-30C The "A" and "B" designations are used when more than one unit
M-1 TC-20 of the same detector model are mounted.
M-2 TC-26
M4 TDN-30
r\ézg m&lo represents detector-supporting pipe structure.
IR-1 780D1000
IR-2 842
IR-3 833

e====m1 represents traffic signal pole and mast arm.

IIR-1 CatEye
A-1 SmartSonic TSS-1

Detectors monitor downstream traffic except for M-1A.
* IR-2is mounted above lane 3, but monitors traffic in lane 2 in z side-looking configuration.
** TIR-1 is mounted in between lanes 2 and 3 on the mast arm and monitors traffic in both lanes.
A-1 is mounted on the mast arm between the pipe structure for the lane 3 detectors and the taffic signal pole.
M-6B is mounted in a side-looking configuration on a pole in the sidewalk area west of Oracle Road, 30 feet
downstream of the mast arm. It monitors traffic in lanes 1, 2, and 3.

i e A R A SR A S R R B R A SRR SRR A SRR SRR S R AR S R S S M R SRR R S S AR R SR BN S SV R LR U SR R N

1ft=0305m

Figure 9-47. Oracle Road Overhead Detecior Layout
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Video Camera Locations Oracle Road N
Lane Mounting Camera ?'
3 Top of pipe tree | Autoscope é
2 Top of pipe tree | Sumitomo I | ://" ! !
2-3 Signal mast arm | Grumman g
LanelLane ILane % | I
{Not 10 scale) 3,20 g I Tucson Mall
Z
__________ ——
o Auto Mall Drive
__________ —t _
— Signal mast arm
—————————— '—-'-1 - (21-foot clearance)

LiRAE

- Overhead Detectors (Departmg Traffic Observed)

Boundary of IDET-100 VIP
Camera Field of View
1 i [

-+ ft—rt————
Prive into shopping center 30
L /

6-ft x 6-ft square inductive loop detector

(%))
wun

6-ft diameter round inductive loop detector

Self-powered vehicle detector (SPVD) with built-in RF data link (requires 6-in x 22-in hole)
3-axis fluxgate magnetometer (reguires 6-in x 20-in hole)

3M microloops

Tube-type vehicle counter

15-foot pole for mounting side-looking detectors {at least 4-in x 4-in ¢cross section)
Electric utiiity pole

Street-light pole

Controler cabinet
Grumman IR Speed Zones (1-3) and Detection Zone {4)

Emoeel[" .00

0305 m

Figure 9-48. Location of Detectors on Oracle Road
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are illustrated in Figure $-49. A rubber
tube for a Timemark Delta 1 traffic counter
was installed across lane 3 at the leading edge
of each square loop. The counter was modified
with an RS$-232 interface that transmitted
the count information to the data logger. The
AT&T sonic array was installed to monitor
traffic in lane 3. In addition to the usual 6-
foot (1.8-m) square loop pairs, 6-foot (1.8-
m) diameter round loops installed by Max
Kutter and 3M microloops were placed in lane
3 as shown in Figure 9-50. The microloops
in lane 3 are in between the pair of round
loops (near the 60-foot (18.2-m) mark) and
in lane 2 are at the same relative location.
The numbers on the pavement show the
distance in feet from the mast arm on which
the overhead detectors are mounted.

The wind speed and direction sensors and
side-looking RTMS microwave radar, shown
in Figure 9-51, were mounted on a 4-inch by
4-inch (101.6-mm by 101.6-mm) pole
approximately 30 feet (9.1 m) south of the
mast arm. The trailer and barricades around
the trenches for the cables can be seen in the
photo. The stub antenna for the magnetometer
was mounted and hidden in a tree north of the
pole. The time of occurrence of the green-
phase signal at the southbound Cracle Road and
Auto Mall Drive intersection was recorded
using a relay data logger input.

The Tucson evaluation had other unique
features. An array of five three-axis fluxgate
magnetometers was installed across lanes 2
and 3 as sketched in Figure 9-48 and shown
in the photograph of Figure 9-50 parallel
with the 30-foot (9.1-m) paint mark. A
sixth magnetometer was buried off the road
near the 4-inch by 4-inch (101.6-mm by
101.6-mm) pole. Cables from the
magnetometers ran to electronic signal
amplifiers mounted on the 4-inch by 4-inch
pole shown in the lower part of Figure 9-51.
From here, cables brought the signals into the
trailer where they were input to a Metrum
recorder and recorded on VCR magnetic media
as shown on the left side of Figure 9-52. The
magnetometer array data was siripped from
the VCR tapes in later processing at Hughes
and placed into files that were archived on
1/4-inch (6.4-mm) magnetic tape used for
250MB PC backup systems.
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A high sampling frequency Model 2020
detector built by 3M was connected to the
second 6-foot by 6-foot (1.8-m by 1.8-m)
square loop in lane 3. This allowed signals
produced by the undercarriage of vehicles 10
be sampled and recorded by the data logger.
Because of the high data rate ocutput of the
2020 detector, a separate PC incorporating a
fast serial input/output board with the
16550 Universal Asynchronous Receiver-
Transmitter (UART) was used to record these
data. The second PC also recorded the time
code furnished by the data logger to aid in the
correlation of the 2020 data with data from
the other detectors.

As part of the data collection effort associated
with the three-axis magnetometer array and
high sample rate inductive loop detector, lane
3 was closed to norma! traffic and several
types of test vehicles were driven through the
lane at slow speeds and were also stopped at
several stations in the lane. In this way,
signature data were obtained for known
vehicles corresponding to known areas under
the vehicle. The vehicles used in these tests
are listed in Table 9-4. The large-boom [ift
truck is shown in Figures 9-53 and 9-54 and
the Dodge Caravan in Figure 9-55. The
stations are shown in Figure 9-56. In the
tests where the vehicle was stopped in lane 3,
the front bumper of each vehicle was stopped
parallel to each station. At station 5, the
vehicles were also stopped so that the middle
of the vehicle and the rear bumper were
parallel to the station.

An imaging infrared detector developed by
Grumman Aircraft Company was evaluated at
Tucson. The infrared camera was mounted on
the mast arm between lanes 2 and 3, as shown
in Figure 9-48, and viewed the area down-
stream from the second round loop between
approximately 68 and 120 feet (20.7 and
36.6 m) from the mast arm. The infrared
imagery processing electronics were located
in the trailer as shown in the background of
Figure 8-52. An infrared image of vehicles
is shown in Figure 9-57. In the infrared
spectrum, the hotter areas appear lighter in
color and the colder areas appear darker.
Since the character of the infrared image does
not change appreciably from day to night
(even when a vehicle's lights are on}, it may
be possible to use the same signal processing
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Traffic flow Lane 3 Lane 2
direction (curb) (middie)
South * * Autoscope Count
{v Detector Zone
‘ SPVD I/ Det 101
Autoscope Count | 01 ( —23ft  ORZ#7
Detector Zone — 26 ft
Det 102
ORZ #10 1 I Jtd— Autoscope Speed
/ Detector Zone
Autoscope Speed/ D
et 111
Detector Zone OR2 #8
Det 112 i O ] ‘-\—-39 ft
OR2 #11 / SEVD ~ Autoscope Count

Autoscope Coun/

Detector Zone

Detector Zone Det 103
Det 104 1 OR2 #9
OR2 #12 O S0 ft

Boundary of C-CATS VIP Field of View
— 60 ft
68 ft — ! }
/ \_/
Detection Zone
= -
Lane 3 Lane 2 Lane 1
Avg Speed Zone Avg Speed Zone Avg Speed Zone
120 ft —
Boundary of Grumman Imaging Infrared VIP Field of View
Computation of vehicle speed from Autoscope data;
Lane 2 speed = 25 feet/(Det 103 trip time - Det 111 trip time)
Lane 3 speed = 25 feet/(Det 104 trip time - Det 112 trip time)
25 feet is set internally by Autoscope for the vehicle speed calculation
Autoscope software version 3.23
{O-ft reference: corresponds to location of mast arm that supports the traffic signals
SPVD=self-powered vehicle detector
OR2 = Rack-mounted chassis that contains optically isolated detector inputs 17-40
1ft=0305m

Figure 9-49. Fields of View and Calibration Areas for Autoscope, CCATS, and

Grumman Video Image Processors on Oracle Road
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Figure 9-50. Oracle Road Marked with Calibration Distances for Video Image
Processors and Subsurface Detectors
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Figure 9-51. Pole-Mounted Wind Speed and Direction Sensors and Side-Viewing
RTMS Microwave Detector at Oracle Road Site
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Figure 9-52. Metrum Recorder and Power Supplies Used to Record Three-Axis

Magnetometer Signals at Oracle Road Site
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Figure 9-53. International S1600 Large Boom-Lift Truck (Side)
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Figure 9-55. Dodge Caravan
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Table 9-4. Vehicles Used to Ground Truth Three-Axis Magnetometer Array
and High Sampling Frequency Inductive Loop Amplifier Signatures

Length Width
(ft) (ft)
International S1600 (Model 1654) large boom-lift truck 27.25 -

Yehicle

1980 Boyertown truck 22.0 7.0
1985 Dodge Caravan 14.5 5.8
1994 Chevrolet Corsica 15.0 5.0
Kawasaki Arizona Highway Patrol Police 1000 Motorcycle 7.3 -
1 ft=0305m
Lane 3
Front
Loop
Station 1 —| — —

station2 O— — = Q= =-0 - - 0O- - -

(Three-axis magnetometers)

Station3 — —

) A Back
Station 4 Loop
Station5 -+ —

Figure 9-56. Stations Used to Record Signatures of Stopped Vehicles in Lane 3
on Oracle Road
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algorithms for day and night operation. The
infrared image processing technology may
thus avoid possible performance degradation
that can occur when transitioning from day to
night algorithms in visible-spectrum video
image processors.

The trailer was located in a shopping center
parking lot on the southwest corner of the
intersection. The cables were laid in a trench
dug from the trailer to the sidewalk and then
under the sidewalk to the pole that supported
the mast arm upon which the detector pipe
trees were hung. Additional trenches were
dug for cables to the side-viewing RTMS
microwave radar and the telephone service
connection. Trenching had two drawbacks:
flooding of the trench by a rain storm and
having to erect barriers to prevent people
from walking into the trench. Overhead cable
installation is, thereforg, preferable.

The equipment rack for Tucson is shown in
Figure 9-58. On the top is one of the
moniiors used to view the traffic flow. To its
right is the CCATS-VIP 2 image processor.
The Autoscope 2003 is mounted in the top of
the rack. Under it are the two PC-controlled

'VCRs that were used to record the traffic flow.

Under these is the Type 170 electronics rack
that held the Detector Systems inductive loop
detectors, 3M 2020 high-frequency loop
detector, and the AT&T SmartSonics detector.
The power supply pane! appears next. At the
bottom of the rack is the auxiliary data logger
for the additional 24 optically isolated
detector inputs. The Detector Systems
LoopComm inductive loop detector amplifiers
are shown on the table to the left of the rack.
They were connected to the downstream
(second) square loop in lanes 2 and 3 to
provide vehicle speed ground truth data.
Behind them is the receiver for the self-
powered magnetometers.
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Figures 9-59 and 9-60 show the inductive
loop detector electronics, self-powered
magnetometer receiver, main data logger,
386 PC and monitor, keyboards, a 486 PC and
monitor on which the 3M 2020 high-
frequency loop data were recorded, and a
monitor for the second video camera, all
located on a table in the trailer. The
electronics for the Sumitomo SDU-300
ultrasonic detector, uninterruptable power
supply, Sumitomo |DET-100 video image
processor, and Sumitomo SDU-200 (RDU-
101) ultrasonic detector were placed on the
floor of the trailer under the table as shown
in Figure 9-60.

In addition to the conventional traffic
monitoring, we also mounted 4-foot by 8-foot
(1.2-m by 2.4-m) sheets of styrofoam on the
top of a Chevrolet Corsica and drove it through
the field of view of the overhead detectors as
shown in Figures 9-61 and 9-62. The
purpose of these tests was to simulate the
effects of snow on the performance of the
ultrasonic, infrared, and microwave
detectors. The styrofoam layers were 1, 2,
and 3 inches (25.4, 50.8, and 76.2 mm)
thick. This evaluation was performed at the
same time lane 3 was closed to gather data for
the three-axis magnetometers and high
sample frequency inductive loop amplifier.

9.5 AMOUNT OF DATA COLLECTED AT
EACH SITE

Table 9-5 shows the amount of data collected
at each field test and evaluation site. Since the
Tucson site included the three-axis
magnetometer detector array, high sampling
rate inductive loop detector amplifier,
imaging infrared detector, circular inductive
loops, and microloops not installed at the
other sites, the data quantity at Tucson was
greater than at the other sites.
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Figure 9-58. Data Recording Equipment as Configured for Oracle Road
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Figure 9-62. Corsica With Styrofoam Sheet Parked Under Detector Array
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Table 9-5. Quantity of Data Acquired

Location

Date

Runs

Data Collected

(MB)
Minneapolis Freeway Winter 1983 15 200
Minneapolis Surface Street Winter 1983 7 32
Orlando Freeway Summer 1983 28 670
Orlando Surface Street Summer 1993 21 200
Phoenix F Autumn 1993 32 868
Tucson Surface Street Winter 1934 34 815
Tucson Surface Street Winter 1994 31 577 (with 3M 2020 high
sampling rate amplifier)
Tucson Surface Street Winter 1594 16 1500 (from three-axis
magnetometer array)
Phoenix Freeway Summer 1984 31 1060
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10. TASK H

GENERATE FIELD TEST RESULTS

10.1 FIELD TEST OBJECTIVE

The primary objective of the field tests was to
quantify the performance of traffic detector
technologies with respect to the types and
accuracy of data they provide under a variety
of traffic flow and environmental conditions.
In order to assess the data collected during the
field tests, a methodology for reducing the data

10.2 DATA COLLECTION AND ANALYSIS
PROCESS

The detector data collection and analysis
follows a four-step process: (1} acquisition,
(2) conversion, (3) extraction, and (4)
analysis. A flow chart describing the process
is shown in Figure 10-1.

and presenting the results was established.

Step 1

Step 2

Step 3

MS DOS
5.0

Y

Phase |
Data Acquisition
Scftware

Y

MS Windows 3.1

Y

Phase Il
Data Reduction
Software

i

Paradox

T

Y

A

Video Post-
Processing

Fortran

Step 4

Mathcad

Programs

Analysis

-

T

Detector Technology

Performance

Figure 10-1.
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Data Collection and Analysis Process
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10.2.1 Acquisition Phase

During data acquisition, all data available
from each detector (shown in Tables 4-9 and
g-2) were recorded using a data logger. The
data logger was designed to collect four types
of output data: (1) Form C relay contact
closures, (2) pulses from optically isolated
outputs, (3) RS-232 serial transmissions,
and (4) analog data in the form of output
voltages. These detector outputs were time-
stamped and recorded in real time. Video
index numbers or PG numbers, generated by
the personal computer video cassette recorder
(PC-VCR) at the rate of one per second, were
recorded to allow data and video synchroniza-
tion in post-processing Steps 3 and 4. Form
C relay and optically isolated output
transitions (the rising and falling edges of the
detector output pulse) were recorded by the
Phase | Data Acquisition Software which also
computed the time interval between them.
The interval represents the vehicle presence
defined as the time duration over which the

detector output indicates a vehicle in its
sensing area. The analog data were recorded
through the same interface as the relay data.
Serial data were recorded as they were
generated through a Digiboard interface with
the PC. The Phase | raw data files utilize a
naming convention in which the first eight
characters are numeric and represent the
month, day, and military time at the
beginning of the run. The raw data file is
always given a .DAT extension. For example, a
run conducted on April 11, beginning at 4:30
p.m., is designated 04111630.DAT as shown
below:

Month _ Day Military Time

04 11 1630.DAT

Figure 10-2 contains an excerpt from a
typical raw data file.

06:06 18 56 079 KS59
07:06 18 56 079 LS64
08:06 18 56 079 FS57

01:06 18 56 079 OPTO FREQ 3 254 318

02:06 18 56 072 MMT 002038FA FFFFFFF7 0523 0000
* translated -> MMT HOO M08 S47 M934 Q0000 00000000,00001000,00000000

05:06 18 56 084 PG00008
06:06 18 56 084 NS66
07:06 18 56 084 JS62
08:06 18 56 084 LS60

01:06 18 56 084 OPTO PULSE 9 255 33

02:06 18 56 084 MMT 00203ACO0 FFFFFFF3 0514 0000
" translated -> MMT HOO M08 S48 M048 Q0000 00000000,00001100,00000000

06:06 18 56 084 LS67
07:06 18 56 084 HS63
08:06 18 56 084 FS50

19:06 18 56 090 MMT 0023FBD1 FFFFFFFF 0540 0000
" transiated -> MMT HO0O MQ9 S48 M556 Q0000 00000000,00000000,00000000

01:06 18 56 090 OPTO FREQ 3 254 206

02:06 18 56 090 MMT 00203AC2 FFFFFFFB 0525 0000
* translated -> MMT HOO M08 S48 M048 Q0000 00000000,00000100,00000000

Figure 10-2.

Figure 10-3 shows the data field assignments
as they appear in the raw data files. The first
number in a data line gives the channel or
COM PORT number that is assigned to that

10-

Raw Data File Excerpt

device or output type. Channel 1 (designated
01), is dedicated to relay outputs and analog
signals. Channels 2 and 19 are assigned 1o

optically isolated detector outputs. Channels
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3 and 4 are not used. Channels 5 through 20
were dedicated to RS-232 serial interfaces
{the Channel 19 Opto Rack that contains
provisions for 24 optically isolated inputs is
connected to the data logger through the
Digiboard, a device that serves as the
interface from RS-232 output devices to the
PC}). The next four fields contain a time
stamp that records the instant at which that

event occurred (in hours, minutes, seconds,
and hundredths of seconds according to the PC
clock). The next fields contain data that are
specific to the particular device or cutput
type. Much of the data are of little use to the
analyst in this form and must be translated in
Step 2, using Phase Il data reduction
software, into a format that is more intuitive
and easier to examine.

08: 06 18 56 084 |.S60
\ A /

T
Channel #

4-field time tag

. Device-specific
infor/mation

rd

NS

01: 061856 084 OPTO PULSE 9 255 33

N\

Figure 10-3. Data Field Assignments in Raw Data Files

10.2.2 Data Conversion Phase

The remainder of the steps shown in the data
flow diagram are performed in post-
processing. The second step applies the Phase
Il Data Reduction Software to convert the raw

data recorded in the acquisition phase inte
detector-specific information presented in a
comma-delimited text format as illustrated in
Figure 10-4. The output of the Phase I
software is referred to as a log file and is
given a .LOG extension.

242,6,11,51,610,85192,7,,-145,153,94,35,"VP1b",3,1,1158250,567818448,,,,,,,,,,,
243,6,11,51,610,85192,7,,-145,153,94,35,"MG2a",1,1,100000,,,,,.,,,..,
244,6,11,51,610,85192,7,,-145,153,94,35,"VP1b",1,1,384250,568662448,,,,,,,,,,,
245,6,11,51,610,85192,7,,-145,153,94,35,"MG1a",1,1,304000,219571448,,,,,,,,.,,

246,6,11,51,610,85192,7,,-145,153,94,35,"iL.1b",2,1,95000,219800198,,,.,,.,..,
247,6,11,51,610,85192,7,,-145,153,94,36,"M4b",1,1,411000,219489948,,,.,,,,::,
248,6,11,51,610,85192,7,,-145,153,94,36,"M4b",2,1,181250,218811698,,,,,,,,:,
249,6,11,51,610,85192,7,,-145,153,95,36,"1L.1a",2,1,98000,219808698,.,,,,,,.+:,
250,6,11,51,610,85192,7,,-145,153,95,36,"MG2a",2,1,110000,,.,,.1,...,
251,6,11,51,610,85192,7,,-145,153,95,36,"IR1a2",2,1,610000,,,,,,1s4ss»
252,6,11,51,610,85192,7,,-145,1583,95,36,"M6b",2,1,640750,568775698,,,,,,,,::,
253,6,11,52,820,85193,7,,-145,153,95,36,"M52",3,1,,,,28,,,,,,,,,
254,6,11,52,820,85193,7,,-145,153,95,36,"IL1a",3,1,108250,569604198,,,,,,, Vins
255,6,11,52,820,85193,7,,-145,1563,85,36,"M5a",1,1,2984500,220315188,,,.,.....,
256,6,11,63,200,851%4,7,,-145,153,95,36,"VP42",5,,,,1,54,0,,,,2,59,,,
257,6,11,53,200,85194,7,,-145,153,85,36,"M54a",2,1,107500,220609198,,,,,,,..,
258,6,11,563,200,85194,7,,-145,153,96,36,"M1a",1,1,1110000,,,,,,.,,,.»
259,6,11,54,140,85195,7.0625,,-138,136,96,37,"VP32",5,,,,0,0,.0,0,,0,,,,
260,6,11,54,140,85195,7.0625,,-138,136,96,37,"VP3a",5,,,,0,0,.0,0,,1,,,,
261,6,11,54,140,85195,7.0625,,-138,136,96,37,"M2b",1,1,880000,,,,,,,,,.,,
262,6,11,54,790,85195,7.0625,,-138,136,97,38,"M5a",3,1,,,.33,,,,...,,
263,6,11,55,10,85196,7.0625,,-138,136,97,38,"Mé6b".1,,,,,..28,,.1,,,,

Figure 10-4. Comma-Delimited LOG File
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The serial strings recorded during the

acquisition phase are parsed and the device-
specific parameters are stripped out by the

Phase 1l software and piaced into the
appropriate data fields. The data field
structure is discussed in 10.3.1.

10.2.3 Extraction Phase

The third step in the data collection and
analysis process extracts specific data
features from the log files. This step can be

divided into two parts: (1) the importation of

the log file's comma-delimited text into a

more accessible database format, and (2) the
utilization of database software that allows the

user to extract specific parameters that are
pertinent to a particular analysis. The
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database software used was Paradox for
Windows.

Paradox has an IMPORT command that accepts
the text file created in Step 2 (log file) and
converts it inlo a Paradox database format.
These files have a .DB extension. Figure 10-
5 shows an example of a .DB (database) file.
Once a database file has been created, the
QUERY command can be used o filter out
desired detector outputs and/or data
parameters and extract them from the master
database file. An example of a Paradox QUERY
is given in Figure 10-6. The result of the
QUERY is an ANSWER table. This table can be
exported in a comma-delimited format and
read as a text file during the analysis phase.

a
a _b"’".&f} .
Q 8‘5.522.@0 BB

0F SSERNOF 606
pf ESEXO0)  BO6)
0f 85g200F BOBY
af 85p200) 806

Database File



Generate Field Test Results

Edit
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Figure 10-6.

10.2.4 Analysis Phase

The final step in the data analysis process
involves the manipulaticn of the parameters
extracted from the database file into a form
that lends itself to interpretation by an
analyst. This was accomplished by two
different means. In the first, simple linear
processes (such as the accumulation of
vehicle counts over time) were modeled using
a commercially available math analysis
program called Mathcad that displayed tabutar
or graphical results quickly and easily. The
program's simple user interface, however,
restricts the ability to perform recursive
looping, limiting its effectiveness when
dealing with some of the more complex
operations needed to adequately analyze traffic
data and trends.

For this reason, a second approach utilizing
application-specific FORTRAN programs were
applied. The FORTRAN programs pravided the
capability to examine the data in greater
detail. They are described in Section 10.4.
The FORTRAN output can be imported into any
number of commercially available graphical
analysis programs and plotted. The graphing
software used in this study was Kaleidagraph
for the Macintosh piatform.

Paradox
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QUERY Illlustration

10.3 TRAFFIC PARAMETER
CALCULATION

In order to utilize the field test data to
quantify detector performance, it is necessary
to display detector attributes in terms of
parameters that are commonly used and
understood within the traffic-management
community. These include count accuracy,
vehicle speed, vehicle flow (sometimes
referred to as volume), and lane occupancy.
Some devices output such parameters

directly; however, it is often necessary to
calculate them using the available and
sometimes rudimentary output data appearing
in the .LOG files described in Table 10-1.
10.3.1

Parameter Descriptions

Field 1: Record Number

Assigns a sequential, integer record number
to the events in chronological order.

Fields 2-5: PC Time Stamp

Assigns a four-field time tag to each event at
the conclusion of the event (at falling edge of
the waveform for pulse outputs). The event is
stamped with the hour, minute, second, and
hundredth of seconds that it was recorded
using the time from the PC clock. The
hundredths of seconds mark is converted into
thousandths of seconds in the LOG file.
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Files

Table 10-1. Detector Output Data Fields as They Appear in .LOG and .DB
Field # Field Name Description
1 Record Number Sequential record number
2 Hours Event time tag (hours)
3 Minutes Event time tag (minutes)
4 Seconds Event time tag (seconds)
5 Hun Secs Event time tag (hundredths of seconds)
6 T Chrono Elapsed chronological time (seconds)
7 Temp 1 Temperature Probe 1 reading (degrees C)
8 Temp 2 Temperature Probe 2 reading (degrees C)
g Wind Speed Wind speed (mi/h)
10 Wind Dir Wind direction
11 Frame # VCR1 Tape index number for VCR1
12 Frame # VCR2 Tape index number for VCR2
13 Det ID Detecior identification acronym
14 Det Int # Detector interface number
15 V detect Vehicle detect (unity when vehicle is detected)
16 V presence Vehicle presence time (microseconds)
17 Spd Trp Timing Speed trap timing
18 V count Vehicle count
18 V speed Vehicle speed {mi/h or km/h}
20 V type Vehicle type (classification)
21 Voce Vehicle occupancy
22 V volume Vehicle volume
23 Special Field 1 Device-specific output #1
24 Special Field 2 Device-specific output #2
25 Special Field 3 Device-specific output #3

Field 6: T Chrono

Elapsed chronological time in seconds since
the data logger last began operation (not
necessarily since the beginning of a run). In
most instances, the data logger hardware ran
continuously whether or not data were being
recorded, thus T Chrono usually is not equal to
zero at the beginning of a run.

Fields 7-8: Temp 1 and Temp 2

When available, two separate temperature
probes were employed to measure the

10-
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temperature in centigrade. Fields 7 and 8 are
reserved for these values.

Fields 9-10: Wind Speed and Wind Direction

An anemometer was used to provide wind
speed and wind direction readings at 5-second
sampling intervals.

Fields 11-12: Frame # VCR1 and # VCR2
Tape address numbers were assigned every

second for both PC-VCRs. These are used in
post-processing to synchronize video to the
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displayed data on a monitor. A single VCR was
used in Minnesota and Florida. A second was
added for the Arizona tests to record the video
from two cameras that provided inputs tc the
video image processors.

Field 13: Detector ID

Contains the detector identification acronyms
described in the Appendix H site hookup files.

Fieid 14: Detector Interface Number

Many detectors provided multiple outputs.
The interface number distinguishes between
these outputs in post-processing. A detailed
listing of the detector interface numbers
appears in the site hookup files in Appendix H.

Field 15: V detect

A value of unity appears in this field for all
recorded events to aid in the accumulation of
counts in Mathcad.

Field 16: V presence

Vehicle presence time in microseconds.
Presence is defined as the time duration over
which the detector output indicates a vehicle
in its sensing area. it roughly corresponds to
the time a vehicle occupies a detector's
detection zone. Long electronic hold times can
cause considerable errors in the presence
measurement. Where adjustable, detector
hold times were set to the minimum value.
Even then, the presence measurement was
sometimes in error when the traftic flow was
heavy and the detector could not reset 10
record the passage of the next vehicle.

Field 17: Speed Trap Timing

Provides high resolution time stamp in
250-microsecond resolution increments.
Obtained from the crystal oscillator on the
Midwest Micro Tek (MMT) processor board in
the data logger.

Field 18: V count

Shows cumulative vehicle count, usually over
a manufacturer-specified integration inter-

val, from detectors that output count from an
RS-232 interface.
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Field 19: V speed

Vehicle speed from devices that give direct
speed output via a serial interface, such as
radar or a video image processor. The analyst
must note the units in which speed is recorded
as some of the foreign devices output speed in
metric units (km/h).

Fieid 20: V type

This field is used for detectors having a
vehicle classification capability usually based
on a user-selected length. The vehicle types
displayed do not necessarily utilize standard
classification definitions, so the vehicle type
may differ from detector to detector.

Field 21: V occ

Field reserved for direct lane occupancy
outputs from serial interface.

Field 22: V volume

Direct vehicle volume (or flow) data from
serial interface.

Field 23: Defined as appropriate for specific
detecters under evaluation.

Field 24: Defined as appropriate for specific
detectors under evaluation.

Field 25: Defined as appropriate for specific
detectors under evaluation.

10.3.2 Count Accuracy

One of the key goals of this program is to
assess traffic parameter measurement
accuracies from various detectors. A
parameter of importance to the traffic
management community is vehicle counts. In
order to adequately compute count accuracies,
a reference value must be established against
which to compare the detector outputs. The
determination of the count reference requires
that the actual or "true" count is known.
Since a video record of all the data collection
rung exists, the video can be used for
determining count reference values; however,
it is not practical to have an observer ground
truth all 500+ hours of video collected during
the field tests.
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A compromise was reached whereby vehicles
were manually counted by a human observer
for a representative time interval using
samples from each test site. The results were
compared against each detector utilized in that
test. The detector that had the best accuracy
for each test site was then used as the
reference against which the accuracies of the
other detectors were judged. In most cases, at
least one detector could be found that was
accurate to within = 0.5 percent.

It is possible to perform detailed accuracy
analyses on a particular detector output by
using the video and data synchronization
capability built into the Phase I software.
Various types of detector parameter data can
be overlaid onto the video monitor and
synchronized to correspond with video events.
This capability allows any number of detailed
examinations to be performed in post-
processing at the convenience of the analyst.

10.3.3 Speed

Another parameter employed in traffic
analysis is vehicle speed. Speed can either be
measured directly by a Doppler device or
computed by means of a speed trap utilizing
multiple detectors or multiple zones within a
single detector. |t is more difficult to ground
truth speed than vehicle counts. One must
know not only that an event has occurred, but
how fast the vehicle was traveling. Another
complication is the correlation of the
measured or computed speed with a particular
vehicle.

This problem was solved by using the Detector
Systems Model 613 loop amplifier in
conjunction with the Mode! 660A LoopComm
vehicle transmitter mounted on a probe
vehicle. The transmitter outputs a unique
code that identifies the vehicle when it passes
over an inductive loop. The vehicle is
identified by a pulse output from the Model
613 loop amplifier. The pulse assists the
analyst in assigning a particular vehicle speed
to a unique vehicle (namely the probe

vehicle) during post-processing. The test
operator, when making the speed run, noted
the time of day and speed that he was traveling
from the vehicle's speedemeter and recorded
them in an engineering logbook. This gives
the analyst an approximate time from which
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to find the output pulse and compare the speed
outputs from the detectors. The exact time is
noted in the database file based on the
occurrence of the Model 613 pulse output.

Before the Model 613 loop detector was
available, the test operator drove a probe
vehicle through the detection zones with the
vehicle marked in some visual way to aid in
locating it on the video tape during post-
processing. This approach is difficult to use
because no unique signals automatically
appear to identify the probe vehicle in the
Paradox database file.

10.3.4 Flow

Vehicle flow is defined as the number of
vehicles passing a fixed point in a given lane
over some time interval (typically expressed
in vehicles per hour per lane). Computing
flows every several minutes and plotting the
resulting values versus time of day was used
to illustrate the measurement of the dynamic
nature of traffic volume.

10.3.5 Density

Vehicle density is defined as the number of
vehicles per lane per unit distance (typically
1 mile [1.6 km]). Most traffic deteciors are
incapable of monitoring long stretches of
road; therefore, the most practical way to
provide vehicle density is to calculate it from
available detector data rather than measuring
it directly. The density in vehicles per mile
was expressed as the ratio of vehicle flow (in
vehicles per hour) to average vehicle speed
(in miles per hour). This allows the analyst
10 examine instantaneous vehicle densities.

10.4 FORTRAN PROGRAMS

Several FORTRAN programs were written to
assist in the data reduction task. These
programs manipulate the data extracted from
the database into forms that are suitable for
graphical presentation. Many of the
parameters commonly used in traffic analysis
were not directly output from the detectors.
Instead they had to be calculated from the
parameters that were available. The
FORTRAN programs compute parameters such
as vehicle counts, flow, speed, and density.
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Below are the individual program names,
brief descriptions of the programs, and a list
of inputs and outputs. The detailed program
code is contained in Appendix K.

10.4.1 COUNT.FOR

Accumulates vehicle counts from a single
detector output. Each count carries with it
the time stamp recorded during the actual data
collection session, so the COUNT.FOR output
yields vehicle counts versus time of day.
Outputs from several detectors can be plotted
on the same graph to provide a visual
comparison of the cumulative vehicle counts
from detecters that monitored the same lane of
tratfic.
Inputs: + Eight-digit numerical file name
with .Cl extension
(#e#u#u#4.Cl)

+ Four-field PC clock time tag for
each vehicle detection:

Hours
Minutes
Seconds
Hun Secs
Outputs: = The same eight-digit numerical
file name with .CO extension
(####paan.CQO)

» Text file yielding time in decimal
hours and cumulative vehicle
count for each vehicle detection

10.4.2 INT_CNT.FOR

Computes vehicle count accuracies and
statistical measures of effectiveness over
seme user-defined time interval. Vehicle
counts are accumulated cver the desired time
interval for two different detector outputs
from the same lane of traffic. The first set of
vehicle detections are from the detector that
has been ascertained to yield the best count
accuracy (usually inductive lcops). These
counts are used as the “truth” that the other
detector counts are compared against. The
program computes the count difference and
the percentage difference between the values
from the two detectors for each time interval.
The mean of the count difference over all time
intervals of the run and the standard
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deviations of the count difference and the
percentage count difference are also
calculated.

Eight-digit numerical file name
with .IL] extension
{(###danun. 1L

Inputs:

- Eight-digit numerical file name
with .Cl extension
(######dr . Cl)

» Four-field PC clock time tag for
each vehicle detection:

Hours
Minutes
Seconds
Hun Secs
Qutputs: » Eight-digit numerical file name
with .CO extension
(H###HEH#H.CO)

10.4.3 DENSITY.FOR

Computes lane densily, average speed, and
vehicle flow for a user-defined time interval
for detectors that occur in pairs within a
given lane. The high-reselution {ime tags
used for these pairs of events come frem the
speed trap times that are generated by a
crystal oscillator with 250-microsecond
resolution. Speeds are computed between the
speed traps by compulting the time change

- between events and dividing by the speed trap

spacing. Density is computed as the ratio of
vehicle flow to average speed over some
integration time interval. Flow, speed,
density, and time of day are output into a text
file.
Inputs: + Eight-digit numerical filename
with DI extension
(#e#usgees. D)

+ Four-field PC clock time tag for
gach vehicle detection:

Hours
Minutes
Seconds
Hun Secs

« Detector Interface Number (e.g.,
lead loop = 1, following loop = 2)
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+ Speed trap time tag reference
value
Culputs: » Eight-digit numerical filename
with .DO extension
(######44.D0)
and parameters

integration interval number
Time of day (hours)

Vehicle flow {vehicies/hour)
Average speed over interval
(mi/h)

+ Lane density (vehicles/mile)

10.4.4 OVF.FOR

Computes lane occupancy versus vehicle flow
for a user-defined time interval. Lane
occupancy is calculated as the percentage of
time that a detector output is in the active or
"high" state over a user-defined time
interval. Occupancy is commonly used as a
surrogate for lane density and is dependent
upon a detector's count accuracy, size and
shape of the detection footprint on the ground,
and the hold time of the detector electronics.
Inputs: « Eight-digit numerical filename
with .IN extension
(##EBEEEEE . IN)

« Four-field PC clock time tag for
each vehicle detection:

Hours
Minutes
Seconds
Hun Secs

* Vehicle presence time {seconds)

Outputs: + Eight-digit numerical filename
with .OFO extension
(######48 . 0F0)

and parameters

« Time of day (hours)
+ Llane occupancy (percent)
+ Vehicle flow {vehicles/hour)

10.4.5 DENS_TOD.FOR

Computes density, speed, and vehicle flow
over a user-defined integration interval.
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Eight-digit numerical filename
with .Dl extension
(###a88484.D1)

Inputs: ¢

« Four-field PC clock time tag for
each vehicle detection:

Hours
Minuies
Seconds
Hun Secs

Detector interface number

Eight-digit numerical filename
with .DO exiension
(#####88#4#.D0)
and parameters

Outputs:

Time of day (hours)

Vehicle flow {vehicles/hour)
Average speed (mi/h)

Lane density (vehicles/mile)

. o e 2

10.4.6 DENS_232.FOR

Computes the same parameters as
DENS_TOD.FOR, but uses directly measured
speed inputs from detectors having RS-232
serial outputs.

Inputs: « Eight-digit numerical filename
with .D1 extension
(#######4#.D1)

+ Four-field PC clock time tag for
each vehicle detection:

Hours
Minutes
Seconds
Hun Secs

- Measured vehicle speed {mi/h)

Outputs: » Eight-digit numerical filename
with .DO extension
(#######4#.D0)

and parameters

Time of day (hours)

Vehicle flow {vehiclesthour)
Average speed {mi/h)

Lane density (vehicles/mile)
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10.4.7 GP_COUNT.FOR

Qutputs vehicle counts versus time of day for
the Tucson surface-street site. Counts are
only noted for through-traffic, i.e., during
the signal green phase,

Inputs: « Eight-digit numerical tilename
with .GP! extension
(##&&##H#H . GP)

+ Four-field PC clock time tag for
each vehicle detection:

Hours
Minutes
Seconds
Hun Secs

« Eight-digit numerical filename
with .GP extension
(####u804.GP)

« Four-field PC clock time tag for
each falling edge of the green
signal phase:

Hours
Minutes
Seoonds
Hun Secs

* Presence time for green phase
{green duration)

Qutputs: « Eight-digit numerical filename
with .GPO extension

(##844444.GPO)

» Vehicle counts accumulated over
the green signal phases during the
period of the run.

10.4.8 OCC.FOR

Computes lane occupancy values over a user-
defined integration time interval. Presence
values are accumulated for a given detector
output over the integration interval chosen by
the user. The accumulated presence is divided
by the integration interval, yielding the
percentage of the time that a given detector is
in the active state during the integration
window. Strictly speaking, the resulting
value is not exactly the percentage of the time
that a vehicle resided in the detection zone as
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the computed value is also a function of the
electronic hold time of the detector.
inputs: « Eight-digit numerical filename
with .IN extension
(##a#au#ad. IN)

+ Four-field PC clock time tag for
each vehicle detection:

Hours
Minutes
Seconds
Hun Secs

+ Vehicle presence (seconds)

Eight-digit numerical filename
with .OQUT extension
(########.0UT)

Outputs:

+ Time of day (hours)
+ Lane occupancy (percent)

10.4.9 SVF.FOR

Computes flow and average speed over a user-
defined integration interval.

Inputs: « Eight-digit numerical filename
with .SFI extension
(########.SFL)

+ Four-field PC clock time tag for
each vehicle detection:

Hours
Minutes
Seconds
Hun Secs

+ Measured vehicie speed (mi/h)

Eight-digit numerical filename
with .SFO extension
(####e#E# SFO)

and parameters

Outputs: »

Time of day (hours)
Accumulaied interval count
Vehicle flow (vehicles/hour)
Average speed over interval
(mi/h)

" o & @
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10.5 VIDEO/DATA SYNCHRONIZATION
USING THE PC-VCR

The Phase |l software provides the capability
to overlay a variety of information onto the
video monitor so that relevant parameters can
be superimposed over the ground truth or any
recorded video segment during post-
processing. Video/data synchronization
enables the analyst to visually correlate the
actions of individual vehicles with the
measured or computed traffic parameters
associated with them. The analyst may also
revisit the field test data at his leisure and
concentrate his attention on the performance
of a particular detector.

An example of the utility of video/data
synchronization is as follows. Perhaps the
results of a certain run indicate that a video
image processor is noticeably undercounting
vehicles. Displaying the accumulated counts
for that particular device in conjunction with
the recorded video may indicate that the VIP
was failing to detect dark-colored
automobiles, possibly due to a problem in the
brightness threshold setting. Or perhaps the
VIP is overcounting and analysis shows that
the device was detecting shadows from
vehicles in adjacent lanes, or maybe a
magnetometer is double- or triple-counting
tractor-trailer rigs. Such trends will
become evident when examined using this tool.

Using the video/data synchronization portion
of the Phase |l software requires the following
items:

(1) Copy of the raw data file
(example, 02110625.DAT).

(2) A file VCR.LOG containing the
detector output data or attributes
the analyst wishes to overlay.

Up to 10 attributes can be displayed on the
video monitor. The numbers in Figure 10-7
represent the location of the 10 data items
displayed in the video.

Each line of the VCR.LOG file consists of a
video tape index number that exists both in
the raw data file and on the tape itse!f (these
are the reference markers that synchronize
the video and the detector output data) and a
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maximum of 10 attributes. The structure of

each line is:

Tape Index PG #, Attribute 1,
Attribute 2, ..., Attribute 10

The first field must contain the tape index
numbers. The remaining fields (up to 10)
may contain whatever information the aralyst
wishes to display, the order being up to the
analyst. Microsoft Excel is a useful tool for
manipulating the data columns. VCR.LOG must
be in a comma-delimited format.

1 2
3 4
5 6
7 8
9 10
Figure 10-7. Configuration of

Displayed Detector Data Attributes

10.6 A QUALITATIVE VIEW ON
DETECTOR INSTALLATION AND
APPLICATIONS TO TRAFFIC
MANAGEMENT

In addition to the guantitative results from the
field evaluations, several qualitative features,
such as ease of use, setup difficulty, and
reliability impact detector deployment.

Each detector has its own unique mounting
requirements that may affect its suitability
for a particular application. A broad
spectrum of mounting locations were
encountered during the Detection Technology
for IVHS field tests. They allowed an
assessment of the operation and deployment of
the detecters under a wide range of traffic
flow, environmental, and mounting conditions.

The mounting locations of the detectors were
somewhat constrained due to the large number
of detectors. Some of them were designed to
look directly downward at nadir and, as such,
were not obstructed by other detectors
mounted below them. These devices were,
therefore, located at the bottom of whatever
mounting fixture was used. Doppler devices,
which included some microwave detectors and
some ullrasonic detectors, and the infrared
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detectors were mounted at an incidence angle
between nadir and 80 degrees. The location of
such a detector on a structure with a catwalk
was high enough to avoid interference by the
metal walkway grating and hand rails. Video
image processors sometimes specified a
higher optimum camera height than was
obtainable on an existing overpass or sign-
bridge structure. In these cases, the camera
was mounted as high as possible,

The specific data output by each detecter were
shown in Tables 4-9 and 9-2, and the output
type (discrete or serial) was shown in Table
8-4.

10.6.1 Ultrasonic Detectors

Sumitomo 8SDU-200 (RDU-101) Ultrasonic
Doppler Detector (U-1)

. This detector was inadvertently identified as a
mode! SDU-200 at the start of the program.
We later learned that the correct model
identification was RDU-101. A dual horn
transducer (one to transmit, one to receive)
is provided along with electronics enclosed in
a rugged cabinet. The device outputs separate
pulses for long and short vehicles and these
were recorded using the data logger's relay
inputs. In theory, the sum of the long and
short vehicle pulses should add to the total
vehicle count, however, in practice, these
outputs were but a small percentage of the
true vehicle count. This detector also
provided a digitized 8-bit speed output that
was not compatible with the data legger's
input types; therefore, the field tests were
unable to evaluate this feature. One difficulty
with this product is its 100-Volt AC power
input, which requires a stepdown
transformer to supply the specified input
voltage.

Sumitomo SDU-300 Ultrasonic Presence
Detector (U-2)

This device consists of a single transducer
head and remote electronics packaged

similarly to that of the SDU-200. The head is
oriented directly downward over traffic, such
that its footprint is circular and directly
underneath the transducer. Three different
heads are available to control the size of the
footprint. Setting the sensitivity and gain to

correspond to the mounting height requires an
oscilloscope. ©Once the proper settings are
obtained, the SDU-300 is a reliable, rugged
device that yields vehicle counts and presence.

Microwave Sensors TC-30C Ultrasonic
Presence Detector (U-3)

This unit is extremely simple to mount and
use. Once supplying power, setup time takes
no more than 10 1o 15 minutes. The compact
detector package houses all of the detector
electronics, including. simple potentiometer
adjustments for gain, range, and hold time.
The detector has a light-emitting dicde (LED)
on the back of the housing that can be used to
visually correlate the passing of a vehicle
with the output of the detector during setup.

10.6.2 Microwave Detectors

Microwave Sensors TC-20 Medium
Beamwidih Motion Detector (M-1)

The TC-20 is a low-cost, compact motion
detector that operates on the Doppler
principle. Its effectiveness in the field tests
was limited by its inability to operate as a
presence detector since it can only detect
moving vehicles. Even then, its minimum
electronic hold time was too long to accurately
count vehicles in a high-speed, high-density
traffic environment. Its primary function is
to detect the arrival of vehicles approaching a
signalized intersection, not to count individual
vehicles or measure their presence times.
The device is easy to mount and wire. The
response to vehicle flow direction is
changeable by moving a pair of jumpers. The
output is a simple relay contact closure.

Microwave Sensors TC-26 Medium
Beamwidth Motion Detector (M-2)

The TC-26 is a more sophisticated version of
the TC-20. In addition to the relay output,
the TC-26 provides five optically isolated
speed bin outputs. The speed bin outputs
utilize a +5 VDC transistor-to-transistor
logic (TTL) level and provide a coarse speed
indication without the need for an RS-232
serial line. Numerous difficulties were
encountered in the field regarding the speed
bins, such as spurious toggling of one cr more
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bins. The response 1o traffic flow direction is
easily set by means of a switch Iocated inside
the detector housing.

Whelen TDN-30 Narrow Beamwidth Motion
Detector (M-4)

This device is a self-contained Doppler speed
detector with two optically isolated outputs to
emulate lcops and a serial output for direct
speed measurement. The direction of traffic
flow is changed by means of a jumper setting.
The lightweight, 1-foot (0.3-m)
cube-shaped detector is easy to mount. The
Whelen detectors experienced two problems
during the testing effort: water seepage into
the unit and loss of the serial communication
data on several occasions. Power to the
detector had to be cycled at the start of a2 run
before the serial communication began. The
latter problem could be serious if these
devices were deployed in a traffic management
application and a power grid went down. The
detectors have since been redesigned with new
housing and new seals to prevent the water
leakage problem. The communication problem
can be remedied, perhaps, with the
introduction of a new RS-232 transmitter
chip. When operating properly, the detectors
appeared to provide high-accuracy count and
speed data, and their serial data protocol was
one of the easiest to decode.

Whelen TDW-10 Wide Beamwidth Motion
Detector (M-5)

The TDW-10 is a wide-beam version of the
TDN-30. The two units share common
electronics. A jumper setting distinguishes
between wide-beam and narrow-beam
electronics operation, but the TDW-10 has a
wide-beam antenna that distinguishes it from
the narrow-beam version. The TDW-10 can
monitor up to three or four lanes of traffic
(all lanes must be moving in the same
direction}, depending on the mounting
geometry and the width of the lanes, but it
merges the data from the lanes into one
detection zone.
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Electronic Integrated Systems RTMS-X1
Microwave Radar Presence Detector (M-6)

The RTMS is unique among the microwave
detectors employed in these tests due to its
true presence-sensing and multizone vehicle
detection capabilities. All of the other
microwave detectors are Doppler devices that
key off of vehicle movement, whereas the
RTMS can detect motionless vehicles. The unit
can be deployed in a ferward-looking or side-
looking mode. It can also be used to look
diagonally across an intersection. Detection
parameters and location of the detection zcnes
are set remotely by means of a software
interface. This allows the user to perform a
portion of the setup procedure without closing
lanes. This device has 12 optically isolated
outputs that can be used to determine vehicle
queues in the forward-looking mode, or 1o
monitor up to 8 separate lanes in side-looking
mode. A single side-looking detector can
monitor lanes traveling in opposite
directions.

10.6.3 Infrared Detectors

Schwartz Electro-Optics Model 780D1000
Autosense | Laser Radar (IR-1)

This active infrared radar transmits two rows
of laser beams in the near IR spectrum across
a lane and detects the reflected energy when
the beams impinge upon a passing vehicle.
The unit has both relay and serial outputs.
could only detect approaching vehicles until
late in the testing process, when the unit's
firmware was modified to detect either
approaching or departing traffic. Problems
were experienced with the serial
communication hardware early in the
program. An RS-232 chip manufactured by a
different supplier was eventually inserted to
replace the original one and the unit's
reliabitity improved.

it

Eltec Model 842 Passive Infrared Presence
Detector (IR-2)

The 842, by virtue of its role as a presence
detector, has a long electronic hold time. Its
primary function is to provide intersection
control. This affected its ability to accurately
count vehicles in heavy traffic because the
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falling edge of its output pulse often did not
occur prior to the entrance of another vehicle
into the detection zone. Consequently, the
vehicle count from the 842 was lower than
that from other detectors. However, keep in
mind that this detector was not designed for
vehicle counting, although the detector was
used in this manner. This device has a simple
relay closure output.

Eltec Mode! 833 Passive Infrared Detector
(IR-3)

The Eitec 833 is designed for traffic signal
contrel and vehicle counting applications. The
unit tested in the field had a much shorter
hold time than the 842, making it a better
candidate for high-speed, high-traffic-
volume counting. The relay in the original
unit was configured with’ a normally closed
output. Over a period of time, this caused the
relay contacts to burn and the unit eventually
failed. After repair, it was configured to
operate in the normally open mode and no
further problems were experienced
throughout the remainder of the figld. tests.

Grumman Imaging IR Traffic Sensor (IR-4)

This system uses high-resclution, passive
infrared imaging over a wide field of view. lts
infrared spectral operating region provides
an advantage in adverse weather over video
image processors that operate in the visible
spectrum. The product employs a focal plane
cooler to increase thermal sensitivity.
Typically, coolers are not known for their
longevity and devices that have them require
more power than uncooled devices. However,
the power requirement may not be limiting in
traffic management applications. The unit can
be used for both high-speed traffic
management and controlling signalized
intersections.

10.6.4 Video Image Processors

Econolite Autoscope 2003 (VIP-1)

The Autoscope 2003 is a wide-area vehicle
detection system that uses video imaging as an
alternative to inductive loops in multiple

lanes and multiple directions of traffic. |t
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accepts inputs from up to four video cameras
and provides vehicle presence, flow, time
headways, occupancy, speed, and classifica-
tion based on vehicle length. Vehicle detection
is provided either from loop detector
compatible outputs on an external interface
module (EIM) or from a serial output. The
traffic data can be accumulated into
10-second 10 1-hour intervals for individual
lanes or multiple lanes. The full capability of
the Autoscope could not be explored in the
field tests because the output serial data
protocol was not made available to the
engineers performing the tests, This did not
allow correlation of the parameters computed
from the EIM loop detector compatible outputs
with the serial output parameters computed
by the Autoscope 2003. However, output
detections from the EIM were time-tagged and
recorded in order to calculate vehicle count
and speed.

Econolite recommends using a Burle Model TC
650EA camera that incorporates automatic
gain control circuitry and auto-iris to
minimize difficulties caused by blooming
from vehicle headlights during nighttime
operation. It has 383-line resolution with a
510x492 pixel CCD array.

Computer Recognition Systems Traffic
Analysis System (TAS) (VIP-2)

The TAS is based on automatic machine vision
technology and edge detection algorithms, It
performs traffic flow analysis by tracking
vehicles on multi-lane highways; monitoring
up to three lanes of traffic; and computing
statistical traffic flow parameters such as
average speed, lane occupancy, and lane
density. It provides vehicle classification
based on user-supplied lengths, fraffic
parameters based on vehicle class, and speed
alarm notification. The standard package
includes setup software.

Traficon CCATS-VIP 2 (VIP-3)

The CCATS-VIP 2 uses detection zones to
monitor traffic flow. It is capable of
monitoring up to four lanes of traffic from a
single camera, This device incorporates
graphical data interpretation and a display
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package that outputs total number of vehicles
and number per lane, gap time between
vehicles, lane occupancy, vehicle
classification (up to three types) based on
length, mean length of all detecled vehicles,
and alarms at lower and upper thresholds set
by the user. This unit is neatly housed in a
compact package. The software version
evaluated in the field tests experienced
problems detecting dark-colored vehicles in
shadowed areas. Newer software supposedly
corrects the problem.

Sumitomo IDET-100 (VIP-4)

The IDET-100 employs vehicle edge detection
algorithms to compute traffic volume, vehicle
type, and speed for up to four lanes of two-
way traffic simultaneously. Vehicles can be
tracked even as they change lanes.

Traffic data are reported by lane via an
RS-232 interface. Data include vehicle
detection with a claim of 90-percent
accuracy, vehicle type (small or large),
velocity in kilometers per hour, vehicle
status (moving, recently stopped, or parked),
and the pulse width of the detection signal.

EVA 2000 (VIP-5)

The EVA 2000 monitors up to four lanes of
traffic from a single camera. The VIP tracks
vehicles and provides traffic volume, average
speed, density, occupancy, average spatial
headway, and vehicle counts, each on a per
lane and vehicle type (two types are suppor-
ted) basis. The EVA 2000 can track individ-
ual vehicles even when they cross lanes.

10.6.5 Acoustic Array
AT&T SmartSonic TSS-1 (A-1)

This passive acoustic array was used in only
two of the seven field test sites (Phoenix
freeway in Autumn 1993 and Tucson surface
street in Winter-Spring 1994). The detector
was large, heavy, and cumbersome; its very
size and weight presenting a challenge to the
crew charged with its installaticn. Since the
completion of the field tests, AT&T has
produced a next-generation version of the

unit in a dramatically smaller package
(approximately half the size and weight). One
of the attractive features of the AT&T acoustic
array is its ability o emulate inductive loop
outputs. The electronics card for the acoustic
array fits into a Type 170 rack and,
therefore, can be exchanged with existing loop
amplifier electronics.

10.6.6 Magnetic Detectors

Midian Self-Powered Vehicle Detector
(SPVD)} Magnefometer

The SPVD is a system that detects the presence
of a vehicle by measuring its magnetic field
from beneath the roadway surface. As its
name implies, the power for this unit is
entirely self-contained within the SPVD.
Traffic data and device status are transmitted
to a roadside receiver by means of a radio
frequency (RF) link that uses an antenna
built into the housing of the buried magneto-
meter. An external antenna, connected to a
receiver with a coaxial cable, is required to
receive the data. The receiver may be located
in a controller cabinet and may serve as the
interface with a traffic management system.

3M Microloop Magnetometer (L-1)

The 3M Microloop probe is a small,
cylindrical transducer that transforms
changes in magnetic field intensity into
inductance changes which can be sensed by
loop detector electronics. The probes are
inserted into 1-inch (25.4-mm} holes 16 to
24 inches (406.4 to 609.6 mm) beneath the
road surface.

Each instrumented lane requires from cne to
three microloop probes, the number being a
function of the lane width and the height of the
vehicles to be detected. These devices are
advertised to perform in high-iron environ-
ments, such as on or under bridge decks.

10.7 PRESENTATION CF DATA
' ANALYSIS RESULTS

Since reducing all the data collected during the
field tests was beyond the scope of this phase
of the project, a representative sample of the
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data was analyzed to reflect the different sites

and different traffic and weather encountered.

The results, therefore, represent a wide
spectrum of conditions chosen to stress the
performance of the detectors under test.
Figure 10-8 shows the structure in which
the detector performance results are presen-
ted. The numbers appearing in parentheses in

the boxes correspond to the section numbers
in this chapter. The runs analyzed and the
characteristics associated with them are given
in Table 10-2. The column labeled Hookup
Configuration refers to Appendix H, where the
connections of the detector outputs to the data
logger are shown along with the input power
connections to the detectors.

Table 10-2. Runs Analyzed in this Report
Run Site Traffic Flow Weather Hookup
Configuration

02081127 | MN Freeway Departing Cold, overcast Hookup 4A
02091626 | MN Freeway | Depart & Approach Cool, overcast Hookup 4A
02110625 MN Freeway Departing Cold, light flurries Hookup 1A
03091019 MN Street Departing Cold, snow Hookup 6
03101343 MN Street Departing Cold, clear Hookup 6
07221647 FL Freeway Approaching Hot, humid Hookup 1-4
07231329 FL Freeway Approaching Warm, heavy rain Hookup 1-4
07280615 FL Freeway Approaching Hot, humid Hookup -4
09071553 FL Street Departing Hot, humid SR 436
09141730 FL Street Departing Hot, humid SR 436
11090822 AZ Freeway Approaching Mild, dry Phoenix 93
11221359 AZ Freeway Approaching Mild, dry Phoenix 93
07281536 AZ Freeway Approaching Hot, dry Phoenix 94
08041552 AZ Freeway Approaching Hot, dry Phoenix 94
03101008 AZ Street Departing Warm, dry Tucson
04121633 AZ Street Departing Warm, dry Tucson
04131703 AZ Street Departing Warm, dry Tucson

The detectors are referenced in the graphs and
tables that give their performance by their
model numbers. This designation was chosen
so that specific designs and operating

characteristics could be correlated with

performance. A generic designation, such as
microwave, does not account for the antenna
beamwidth, hold time, or signal processing
scheme that differ from device to device.
These parameters must be noted, as in Tables
4-1 to 4-6 and 8-4, and taken into account to
properly interpret the field test results.

Table 10-3 summarizes the ground truth
from selected runs. Vehicles were counted
manually by an observer from the video
imagery of the traffic flow collected during
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the field tests. Ground truth data were tabu-
lated for intervals ranging from 45 minutes
to 2 hours, usually in 15-minute increments
to reduce the error rate. A broad spectrum of
traffic and weather conditions are represen-
ted. These values serve as the reference
against which other detector outputs are
compared when count accuracies and errers
are reporied. Some video was ground truthed
multiple times in order o assess the accuracy
and repeatability of the value recorded by the
human observer. The results were typically
repeatable to within £0.25 percent.

It is not possible to precisely compare outputs
from every detector represented in the field
tests with the ground truth value because the
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sensing areas assoctated with each device do this problem, lane changing was unaveidable
not exactly coincide with one another. at the Tucson surface-street site. However, a
Therefore, frequent fane changes can cause software program was created to filter out the
anemalies in the counts recorded by devices great majority of anomalies resulting from
monitoring different sections of the same lane. vehicles sweeping across multiple lanes when
Although care was taken to select sites and completing their turning movements. This is
detector mounting locations that minimized discussed in greater detail in Section 10.14.2.

Table 10-3. Vehicle Count Ground Truth Runs

Run Site Weather Start| Stop Vehicle Counts
Time | Time [Lane i1|Lane 2|Lane 3
02011159 | MN Fwy Cool, sunny 1201 | 1300 * 1127 | 1890
02091626 | MN Fwy Cool, overcast 1815 | 1800 * 846 14786
02110625 | MN Fwy Cold, light flurries | 0700 | 0800 * 1816 | 1862
03091019 | MN Street | Cold, snow 1200 | 1400 { 245 316 -
03101343 | MN Street | Cold, windy 1630 | 1730 | 413 421 -
07150617 | FL Fwy Hot, humid 0745 | 0845 | 1215 944 | 1108
07211633 | FL Fwy Warm, rain 1700 1 1800 | 1013 | 1102 501
07231329 | FL Fwy Warm, heavy rain 1330 | 14286 859 1052 524
07280615 | FL Fwy Hot, humid 0730 | 0900 | 2281 | 2193 | 1360
09071553 | FL Street | Hot, rain 1630 1 1830 ] 1815 | 1778 -
09080725 | FL Street | Hot, humid 0730 { 0930 ] 1091 866 -
09081241 | FL Street | Hot, humid 1300 { 1500 [ 1716 | 1661 -
09141730 | FL Street | Hot, humid 1800 | 2000 [ 1512 | 1434 -
11090822 | AZ Fwy Mild, dry 0900 | 1000 | 750 | 1033 -
11221359 | AZ Fwy Sunny, dry 1600 | 1700 | 1603 | 1554 -
12021502 | AZFwy Mild, dry 1700 | 1800 | 1436 | 1423 -
12090620 {AZFwy Cool, dry 0625 | 0740 | 1.656 | 1951 -
07281536 | AZ Fwy Hot, dry 1900 | 2000 | 658 828 -
08041552 | AZ Fwy Hot, dry 1700 | 1800 | 1307 | 1399 -
04121633 | AZ Street | Warm, dry 1700 | 1800 - 500 429

Lane 1 on |-394 MN freeway was a reversible HOV lane. The video camera did not monitor the
traffic in this lane.

10.8 MINNESOTA FREEWAY DATA devices, operating on either approaching or
departing traffic, but not both at the same
This site was located on eastbound 1-394 at time. For this reason the lane 1 HOV overhead
Penn Avenue in Minneapolis, Minnesota. The detector data were obtained only for evening
detector layout configuration is shown in runs when traffic flowed westward toward the
Figures 9-2 and 9-4. The 1-394 freeway detectors that were configured to monitor
site was unique in that it had a pair of oncoming vehicles.
reversible HOV lanes as described in Section
9.1. One of these lanes was instrumented with Figure 10-8 shows the approximate location
detectors as were the two non-reversible of the sensing areas corresponding to the
eastbound lanes. All of the overhead detectors overhead devices and the physical locations of
monitoring the HOV lane were directional the inductive loops in each of the three

10-19



Final Report: Detection Technology for IVHS

=
2 :
2 Minnesota
a .
a Freeway Site
2
g:; )
2 a.m. ;
A ) 7 .
2 Traffic //] Detection Zone 0
)
= .
2 Flow [ -] Detection zone 1
2 . .
z Direction
2 p.m. Detection Zone 2
7~
4 Traffic .
2 Inductive Loop
2 Flow
2 Direction
[
2 ¥
~
2 A A
2
2 Direction of N (—l—
™ .
2 Traffic Flow
2
2
A
: YW
L ]
~ZZZ XZTF
Lane2 Lane 3
Zone Lane 1 Lane 2 Lane 3
Symbol|Model Symboij{Modei SymboijModel
¢ |IRt Schwartz 780D1000 jU3 MW Sensors TC-30C U2 Sumitomo SDU-300
IR2 Eltec 842
1IR3 Eltec 833
1 IL1A-2 |Inductive Loop 2 (PM)}IL1B-2 |Inductive Loop 1 IL1C-2  |Inductive Loop 1
M1B MW Sensors TC-20 [M2A MW Senscrs TC-26 M1A MW Sensors TC-20
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VP1A-3 |Autoscope 2003 VIP  JVP2A-2 |TAS VIP
VP2A-1 |[TAS VIP
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Figure 10-9. Detection Zones on

(-394 in
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instrumented fanes. The symbol column VIP. No serial outputs from either VIP were
shows the detector mnemonic and interface recorded at this site.

designation for the relay and optically isolated

detector outputs. Serial interfaces are not 10.8.1 Run 02081127

included in this table because they typically

contain data that apply to several detection This run is typical of light mid-day traffic on
zones. The serial interfaces are included in the 1-394 freeway. The sky was overcast and
the hookup files in Appendix H. Detection the air temperature at noon was 24°F

Zone 0 contains the footprints of the detecters (-4.4°C).

that were oriented directly downward (or
nearly so) toward nadir. Detection Zone 1
contains the westernmos! inductive loops in
each lane and the footprints of many of the
Doppler microwave detectors. Zone 2
contains the easternmost loops in each of the
monitored lanes. Two video image processors
were evaluated at the Minneapolis freeway
site, the Autoscope 2003 from Econolite and
the Traffic Analysis System (TAS) from
Computer Recognition Systems (CRS). Data
from two optically isolated outputs,
representing the traffic count in each of the
eastbound lanes, were recorded for each

Vehicle Counts vs. Time of Day

Figure 10-10 shows accumulated vehicle
counts in lane 2 over approximately 2 hours
for two Doppler microwave detectors (Micro-
wave Sensors TC-26 and Whelen TDN-30),
an ultrasonic detector (Microwave Sensors
TC-30C), a video image processor (CRS
TAS), and an inductive loop. Count variations
on the order of 20 percent were experienced
by the TC-26 and TC-30C when compared
with counts from the second loop in the lane.
The TAS and TDN-30 each undercounted by
about 10 percent in this midday run.

Run 02081127 Cold, overcast
Minnesata Freeway Lane 2
2500 : %
2000 _-_ ............ Detector Caunts % Dift*
s ILD2 2142 0
- TAS VIP 1945 -9.2
o TDON-30 1926 -10.1
o TC-26 1706 -20.4
g 1900 e TC-30C 1670 220
5 i * with respect to ILD 2
O :
o L
Q
= i : i ]
500
0
1 11.5 12 12.8 13 13.5
Time of Day

Figure 10-10. Comparison of Detector Vehicle Counts in Lane 2 During Light
Traffic on Minneapolis Freeway Site
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The difference between the counts from the
TC-26 and the lcop are attributed to the
relatively long hold time of the TC-26. This
resulted in an average TC-26 "on" time of
2.10 seconds per vehicle as compared 1o 0.14
second for the loop. The standard deviation of
the TC-26 on time was 1.76 seconds.

Although ground truthing from other 1-394
runs shows the inductive loop to be consis-
tently among the most accurate detectors, the
loop showed a tendency to overcount slightly
{by less than 0.5 percent), while the micro-

percent differences noted in the figure. The
TAS VIP tended to undercount, except during
dark-to-light and light-to-dark transitions,
when it overcounted.

10.8.2 Run (02091626

On this portion of a nighttime run on the

1-394 freeway, the count from one of the
ioops in lane 2 was used as the reference with
which to compare counts from other detectors.
The temperature was 32°F (0°C) at 6:00
p.m.

wave and ultrasonic detectors tended to
undercount. Therefore, the percent difference
in counts with respect to the loop may be
slightly greater than the true percent error
associated with video-based ground truthing.
However, even video-based ground truthing
would not eliminate the majority of the large

Vehicle Counts vs. Time of Day

Figure 10-11 relates vehicle counts to time
of day for three detector technologies.
Represented are inductive loops, Autoscope
2003 VIP, TAS VIP, and the Whelen TDN-30
narrow-beam microwave Doppler detector.

Run 02091626 Cool, avercast

Minnesota Freeway Lane 2
1400 ; ;
- Detector Counts 196 Diff* D1 &2 -
1200 =D 1 1249 0 e /__\i--j:—-_-
" | wp2 1254  +0.4 L 1as LT
S Autoscope 1228  -1.7 7/I-;"' v 4
. -t .‘?r
1000 TAS VIP 1296  +3.8 et
" | TON30 1189 -4.8 Pt Autoscope
@ L * compared to ILD 1 : - &\TDN-BO
£ 800 A :
: -
o
o i
o L
2 600
LY - E
> i ]
400 L 1
200 +
0 E
18 18.2 18.4 18.6 18.8 19

Time of Day

Figure 10-11. Comparison of Detector Vehicle Counts in Lane 2 During
Nighttime Darkness on Minneapolis Freeway Site
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Percent differences were computed for the
vehicle counts given by the first inductive
loop, Autoscope, TAS, and TDN-30 with
respect to the second loop in the lane. The
second loop was chosen as the reference
because its detection zone more closely
coincided with those of the VIP and the
microwave detector.

The actual percent errors of the Autoscope and
microwave detectors with respect to video-
based ground truth are slightly less than the
computed percent difference with respect to
the loop, because the Autoscope and microwave
detectors tend to undercount, whereas the
inductive loops, although typically accurate to
within 0.5 percent, tend to overcount.
Therefore, a comparison with the video-based
ground truth count could reduce the percent
error by up to 1 percent. Conversely, the
percent error (with respect to video-based
ground truth) attributable to the TAS VIP is
slightly greater than the 3.8 percent
difference computed with respect to the loop
because the TAS overcounted. The TAS counts
are seen to be increasing with respect to the
other detectors until shortly after 6 p.m.
After this time, the TAS counts closely track
those from the inductive loops.

The TAS does allow the operator to adjust a
variety of setup and catlibration parameters, a
feature that theoretically should give more
optimal performance in a true operational
traffic management scenario. A factor that
may have contributed to the observed
performance of the TAS was the inability to
position an ambient light monitoring zone
sufticiently off the roadway due to the camera
mounting height and location. Because of the
zone's location, its ambient light monitoring
function may have been affected by the
headlights from oncoming vehicles.

10.8.3 Run 02110625

This run is representative of heavy volume
morning rush hour traffic flow into
Minneapolis. The temperature at the start of
the run was 18°F (-7.8°C). Light flurries
fell during the run. The first two figures
from this run compare accumulated vehicle
counts from the detectors, while the next
three show speed, flow, and density,
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respectively, versus time of day. The sixth
figure compares the vehicle speeds in adjacent
lanes, while the last figure demonstrates the
inverse relation between speed and flow that’
was observed in lane 2.

Vehicle Counts vs. Time of Day (Ground Truth
Interval)

Figure 10-12 displays the vehicle counts in
lane 2 (the leftmost of the two eastbound
[-394 lanes) for a 1-hour ground truth
interval as measured by five detectors. The
detectors shown are the Econolite Autoscope
2003 VIP, CRS TAS VIP, Whelen TDN-30
narrow-beam microwave Doppler detector,
Microwave Sensors TC-30C ultrasonic
detector, and the second 6-foot by 6-foot
(1.8-m by 1.8-m) inductive loop in the lane
controlled by Detector Systems' 222B driver.
The 7:00 a.m. to 8:00 a.m. counts generated
by the detector outputs were compared to the
ground truth count tabulated manually from
video imagery during the post-processing
analysis. The counts from the five detectors
are within 0.3 to 1.6 percent of the ground
truth value in this heavy traffic volume run.
The TAS VIP overcounts early in the hour and
undercounts for the rest of the hour,
resulting in a 98.8-percent overall count
accuracy.

Vehicle Count vs. Time of Day Over 4 Hours

Figure 10-13 shows accumulated vehicle
counts in tane 2 as-a function of time of day
for the approximately 4-hour run. The
counts from two Doppler microwave detectors
(TDN-30 and TC-26), one ultrasonic detec-
tor (TC-30C), and a video image processor
(TAS) are compared with those from the
second inductive loop in the lane. Percent
differences were computed using the inductive
loop count over the 4-hour interval as the
reference.

The TDN-30 count is within 0.9 percent of
the loop, the TC-30C is within 3.7 percent,
and the TAS is within 0.6 percent. The on
time of the TC-30C averaged 0.29 second as
compared to 0.14 second for the loop. The
TC-26 significantly undercounted because of
the long electronic hold time characteristic of
this detector. The on time of the TC-26
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averaged 5.47 seconds. The standard deviation
of the TC-26 on time was 6.77 seconds and
for the TC-30C it was 0.08 second.

The long hold time of the TC-26 caused missed
detections when vehicles were closely spaced,
such as in this heavy traffic volume run. The
undercount is explained as follows. The
TC-26 generates an electronic pulse when a
vehicle is detected. If a second vehicle enters
the detection zone before the falling edge of the
original pulse occurs, then the TC-26
remains in the active state and does not detect
the second vehicle as a separate event. Thus,
an entire platoon of vehicles may trigger only
a single detection pulse. The undercounting is
more prevalent during heavy {raffic when
intervehicle gap times are at their minimum.
The almost 5.5-second on time supports the
hypothesis that the TC-26 is combining the

detection of several vehicles into a single
output count.

The TAS VIP began the run overcounting
vehicles until just after 7 a.m. This may be
due to the VIP having difficulty transitioning
from -dark-to-light ambient lighting
conditions. After this time, the TAS showed a
tendency to undercount. However, the net
result, a 99.4-percent counting accuracy
with respect to the loop, is misleading. Had
the run ended earlier than approximately
10:20 a.m., the percent difference would have
been greater because the undercount interval
would not have been long enough to compensate
for the initial overcount interval. For exam-
ple, if the run ended at 8 a.m., the TAS would
show a percent difference of approximately
+24 percent.

Run 02110625

Cold, light flurries

Minnesota Freeway Lane 2
2000
i Ground Truth Count:
1816 vehicles
L Detector Counts % Error
1500 —p=— Autoscope 1811 -0.3
- TDN-30 1810 -0.3
L ILD 2 1823 +0.4
8 TAS VIP 1838 +1.2
2 || Tc-3oc 1787 -1.6
3
o 1000
o
] N
2
S - :
il
500
j |
13 L
7.6 7.8 8
Time of Day
Figure 10-12. Vehicle Counts and Ground Truth in Lane 2 from 1-394

Minneapolis Freeway Site
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Vehicle Counts

Run 02110625 Cold, light flurries
Minnesota Freeway Lane 2

7000 5 { | |

X ILD 2
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6000 T ILD2 6852 0

L TAS VIP 6808 -0.6

[ TDN-30 6793 -0.9
5000 TC-30C 6600 -3.7 i

i TC-26 1543 -77.5** g

[ * with respect to ILD2 :
4000 T ** due to large built-in

L hold time

i . TAS
2000 T
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Figure 10-13. Vehicle Count Comparison Over 4-Hour Run Duration
in Lane 2 on [-394 Minneapolis Freeway Site
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Speed vs. Time of Day

The data in Figure 10-14 represent the
entire duration of the run for all practical
purposes (approximately the first 5 minutes
of the run were omitted due to a "stacking up”
of events in a buffer while the software began
its initialization process). The plots of
vehicle speed in lane 2 versus time of day
were fitted with a fifth-order polynomial to
the actual data in order to smooth out the
spiky, discrete nature of the actual speeds.
The plotted speeds are values obtained by
averaging data from the TDN-30, Autoscope
2003, and a pair of inductive loops over

5-minute intervals. The three curves are
consistent in their shape, with the only
discernibie difference being the magnitude of
the speed. Speed was measured directly by the
Whelen TDN-30 microwave detectors and
output via an RS-232 interface to the data
logger. The speeds calculated from the loops
and the Autoscope VIP used the falling-edge
time tag associated with each of two detection
zones and knowledge of the spacings between
those zones. The speeds noticeably decrease
between 6:30 and 7:00 a.m. and resume
free-flow conditions between 9:30 and 10:00
a.m.

Run 02110625
MN Freeway

Cold, light flurries

Lane 2

60 ;

55

aa las na

<

E .

3 o |
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& - _ = +% ==~ Autoscope

L w ! s u.......--
25 4. :
20 i ]
6.5 7 7.5 8 8.5 9 9.5 10 10.5
Time of Day

1 mi/h=1.61 km/h

Figure 10-14. Comparison of Speed Data in Lane 2 from 1-394 Freeway Site

The lower speed calculated from timing of

pulses generated by the two-loop speed trap is
attributed te a pair of factors. The first is the

sequential scanning feature used in the
Detector Systems 222B loop amplifier
electronics. The two loops (driven by a
single, two-channe! card) are alternately
turned off and on so as to minimize
interference due to crosstalk. This may have
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caused timing problems that had a significant
impact on the speed calculations. One can
envision the lead loop being in the off state
when a vehicle passes over it. Then when the
loop is energized, the leading edge of the
detection pulse does not necessarily
correspond to the entrance of the vehicle into
the loop's detection zone.
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The second difficulty stems from the width of
the vehicle detection pulse. According to the
loop amplifier's specification, the pulse width
is 125 * 25 milliseconds. This pulse width
(and the associated 20-percent uncertainty)
is quite long when compared to the 170
milliseconds necessary for a vehicle traveling
at a freeway speed of 60 mi/h (96.6 km/h)
to traverse the 15-foot (4.6-m) center-to-
center spacing between the two loops. The
maximum percentage error in speed
attributed to the pulse-width uncertainty for
a vehicle traveling at 80 mi’/h (96.6 km/h)
is approximately 30 percent.

Flow vs. Time of Day

Figure 10-15 demonstrates the relationship
between vehicle flow in lane 2 and time of day.
The flow has units of vehicles per hour. These
plots indicate an inverse proportionality of
flow with speed; that is, as the speed
increases (as depicted in Figure 10-14), the
flow decreases. This decrease in fraffic flow
is attributed to a pronounced decline in
demand beginning at around 9:30 a.m. The
three different types of technology
demonstrated here yield comparable results.

Run 02110625 Cold, light flurries
MN Freeway Lane 2
2200 ——t—+— ]
2000 : :
__ 1800 :
~ : H
é 1600
: 0
= 1400 dord — ~—TDN-30 )
i |—-- Autoscope \
1200 PN SN SRS — }
1000 F———F—i
6.5 7 75 8 85 S 9.5 10 10.5
Time of Day

Figure 10-15. Comparison of Flow Data
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Density vs. Time of Day

Figure 10-16 demonstrates the relationship
between lane density in lane 2 and time of day.
The lane density is the number of vehicles
present within a 1-mile (1.6-km) distance
in a given lane. Since it is not practical to
measure this parameter directly without a
wide-area detector, density is calculated from
the available traffic data instead. The density
is, therefore, computed as the ratio of vehicle
flow (in vehicles per hour) to average speed

(in miles per hour) over some integration
interval. The density values in this example
were calculated over 5-minute integration
times. The interval can be defined by the user
in the DENSITY.FCOR program. The density
plots bear out the assertion made in the
preceding description of vehicle flow that the
increase in speed between 9:30 and 10:00
a.m. and the corresponding decrease in vehicle
flow indicate a decrease in demand during that
time window.

Run 02110625 Cold, light flurries
MN Freeway Lane 2
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Figure 10-16. Density in Lane 2 as Computed From Data Collected at 1-394
Freeway S8ite
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Comparison of Speed From Two Detectors
Monitoring Multiple Traffic Lanes

Figure 10-17 shows the relationship of speed
as measured by two detectors located in
adjacent traffic lanes 2 and 3. The vehicle
speeds from each device were collected over a
1-minute integration interval and the average
speed over that interval was computed. The
uniformity in the shapes of the curves is a
good indication that the detectors are

correctly monitoring the traffic trends as

they actually occurred. An average of the
reported speeds was computed over the entire
run. The TDN-30 in lane 2 {the leftmost of
the two eastbound through lanes) reported an
average speed of 36.9 mi/h {53.4 km/h) for
the session, while the TDW-10 reported an
average of 30.1 mi/h (48.4 km/h) in the
right lane. The traffic in the right lane was
observed, on average, to move slightly slower
than the left lane. This was due 1o merging
traffic both before and after the Penn Avenue
off/on-ramp to 1-394.

Run 02110625  Cold, light flurries
MN Freeway
70 f } f }
I Average i
60 T+ Detector Speed +
[ {mi/h) 1
TDN- 1
[ 30 TDN-30 36.9 ' ]
50 + TOW-10  30.1 R 1
" iy, o
< ) A
b : -
E 401 1
v " -
q} 3
g L . .. p
@ 304 N1
- “: TDW-10
Lane 3 ]
20 + ol 1
" o :;,.\' n -
A A P
s ! 4
10 % % : |
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Figure 10-17. Speed Comparison o
Adjacent Lanes on [-394

1 mith = 1.61 km/h

f Doppler Microwave Detectors Located in
Freeway Site, Minneapolis, MN
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Comparison of Speed and Vehicle Flow

Figure 10-18 shows the inverse relationship
between speed and flow in lane 2 during a
typical morning rush hour at the [-394
freeway site. This is indicative of the types of
data parameters that can be computed using
simple, commercially available detectors.
The data in this example was from the Whelen
TDN-30 Doppler microwave detector. The

speeds were recorded in real time from the
radar's serial interface. Average speeds and
vehicle flows were computed in post-
processing using a 1-minute integration
interval. These computations could be made
locally in real time to support traffic
management applications such as fresway
incident detection or interconnected
intersection control on surface streets.

Run 02110625 Cold, light flurries
MN Freeway Lane 2
70 ; t 1 } 2500
Vehicle 7
60 T ]
: =+ 2000
50 + ;
— 1+ 1500
£ i ] £
- 3 J =
E 407 - 2
2 : ] 2
e - -+ 1000 ©
4 [
@ 30 ]
[ 1 500
20 T 1
Data from Whelen TDN-30 ;
microwave detector .
10 t t f f 0
6 7 8 9 10 11
Time of Day

1 mi‘h = 1.61 km/h

Figure 10-18. Comparison of Speed and Vehicle Flow in Lane 2 on [-394 Freeway
Site in Minneapolis, MN

10.9 MINNESOTA SURFACE-STREET
DATA '

This site was located on Olson Highway
(TH-55) at East Lyndale Avenue North in
Minneapolis, Minnesota. The approximate
locations of the detection zones are shown in
Figure 10-19. The inductive loops generally
coincided with the detectors having footprints
in Zone 1 and Zone 2 at this site. Given the
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number of diverse technologies represented in
these tests, it is difficult to calculate the
precise location of the detection zones corres-
ponding to the different detectors because they
rarely coincide, whether they are transducer
beam footprints, electromagnetic fields, or
optical fields of view. (Theoretical detector
footprint sizes and locations as & function of
mounting heights and incidence angle are
given in Appendix F.) However, if the amount
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Figure 10-19. Detection Zones on Olson Highway in Minneapolis, MN
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of lane changing is minimal, detector zone should be approximately equal. The figure
location in a particular lane should have little illustrates the good agreement that generally
effect on vehicle count when the count is exists between the inductive loops. The SPVD
collected over a long time. magnetometer in Zone 2 is within 1 percent of
the inductive loop count. The lower value of
10.9.1 Run 03081019 the SPVD count in Zone 1 was likely due to
‘ electronic noise on the receiver input line
The March 9 run was notable because of the generated by the computer and other
appreciable amount of snowfall. The run was electronics in the trailer. In later runs, the
extended to 6 hours to gather as much data SPVD receiver was connected to its own AC
under these conditions as possible. power circuit 10 alleviate this problem. The
RTMS radar counted well in Zone 1. In Zone
Counts in Multiple Detection Zonges 2, the footprint widened and most likely
picked up vehicles in adjacent lanes. The
The counts from detectors having multiple peorer performance of Autoscope in Zone 1
detection zones in lane 2 are compared in was probably due to imprecise calibration
Figure 10-20. |If there are a negligible during setup of the zones by the Autoscope
number of vehicles changing lanes, then the personnel.

counts from the two detection zones in the tane

Run 03091019 Cold, snow

1200+ MN Surfalce Stregt . ] Lane 2
- "~ Zonel % Zone2 % RTMS
«||Detector Count Diff,* Count Diff. ** \’ :
I SPVDMag 972 7.9+ 1040 1.0 |l Z-ILD]|.
1000 1055 0 1051 O i
1 Autoscope 944 10 1023 2.5 | U&7 1
00 1 RTMS 1060 0.5 1188 13 Bk
g 800 I TaedtoDin Zone T WA
5 L*  Conparedto LDin Zone 2 SPVD |
8 -+* Noise on receiver input “."":{3“
p 600 -4: lire degraded performance s hd "
E 7%— Autoscope
£ 400 ’f ; ; T
i Zone 1 counts
X are plotted 1
200 a(d'f : :
0 I / L g 1
¥

t ;
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Time of Day

Figure 10-20. Vehicle Counts From Detectors With Multiple Detection Zones
in Lane 2 of the QClson Highway Site

Figures 10-21 and 10-22 show the vehicle within manufacturers' specifications. The
count data output by the detectors compared poorer performance of the TDN-30 in lane 1
with ground truth obtained by manually when compared to lane 2 may be due 10
counting the vehicles in lanes 1 and 2, moisture accumulation in the lane 1 unit.
respectively, on the video imagery of a 2- Possible explanations for the large error in
hour interval. The lane 2 results appear - the TC-30C's count include cold weather-
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Run 03091019 Cold, snow
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Figure 10-21. Comparison of Detector Vehicle Counts with Ground Truth in Lane 1
of the Olson Highway Site
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Figure 10-22. Comparison of Detector Vehicle Counts with Ground Truth in Lane 2
of the Olson Highway Site
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related effects or reflection of signals from
the snow flurries. However, the exact cause
of the overcount could not be deduced.

710.9.2 Run 03101343

This session was conducted 1 day after the run
discussed in the previous section. Vehicle
counts were ground truthed in post-
processing for a 1-hour period between 4:30
and 5:30 p.m. when peak traffic occurred.
Table 10-4 shows the counts and associated
percent errors from several detectors in two
lanes. The most consistent performers in
each lane were the inductive loops,

registering 98- to 99-percent accuracies in
both lanes. The Autoscope 2003 video image
processor showed good results in the second
detection zone of each lane (although slightly
undercounting as it had in Run 03091019),
but poorer accuracies for both lead detection
zones. The count accuracies of the TDN-30
microwave detectors were also within
specifications in both lanes. The rest of the
detectors did not perform as well as these.
The 833 passive IR detector that undercounted
during the snowy, low-traffic Run
03091019, overcounted during this run,
which had approximately three times the
traffic volume.

Table 10-4. Count Accuracies for Run 03101343 on Olson Highway

Surface-Street Site in Minneapolis, MN
Lane 1 Lane 2
Detector Count |% Erron Detector Count |% Erron
ILD 1 418 1.2 SPVD Mag 1 340 -19.2
ILD 2 421 1.9 SPVD Mag 2 616 46.3
TDN-30 401 -2.9 iLD 1 4286 1.2
TC-30C 467 13.1 iLb 2 425 1.0
TC-26 463 12.1 TDN-30 404 -4.0
Autoscope 1 383 -7.3 RTMS-X1 (1) 460 9.3
Autoscope 2 411 -0.5 RTMS-X1 (2) 521 23.8
833 490 16.4
Autoscope 1 379 -10.0
Autoscope 2 412 -2.1
Ground Truth 413 Ground Truth 421

10.10 FLORIDA FREEWAY DATA

Traffic moving south was monitored in all
three lanes of the westbound [-4 freeway just
north of SR 436, which runs over the
freeway. The overhead detector layout and
video image processor detection zones are
shown in Figures 9-17 and 9-19,
respectively. A pair of inductive loops were
installed in each of the three lanes. SPVD
magnetometers were inserted in the center of
the loops in lane 1 (leftmost lane). The
detection zone locations are shown in Figure
10-23.

Detection Zone 0 contained footprints from
detectors oriented toward or near nadir in
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lanes 1 and 2. These included a TC-30C
uhltrasonic detector from Microwave Sensors
and a Schwartz 78001000 Autosense | laser
radar in lane 1. Lane 2 was monitored by an
Eltec Model 833 passive infrared detector,
while both lanes 1 and 2 contained Sumitomo
SDU-300 ultrasonic units. The second
inductive loop in each pair and the second
SPVD magnetometer were located in between
detection Zones 0 and 1.

Detection Zone 1 contained the lead locps in
each lane and the first magnetometer in lane
1. The other detectors in lane 1 were the
Whelen TDN-30 and the Eltec 842. The
footprints in lane 2 that were included in Zone
1 were from the Whelen TDN-30 and the
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SymbolijModel SymbollModel Symboli|Mode!l
0 JU3A MW Sensors TC-30C jU2B Sumitomo SDU-300 |IL1C-2 [Inductive Loop
U2A Sumitomo SDU-300 }IR3 Eltec 833
IL1A-2 }Inductive Loop IL1B-2 |Inductive Loop
MG2A-2 |SPVD Magnetometer
IR1 Schwartz 78001000
1 IM4B Whelen TDN-30 Md4A Whelen TDN-30 IL1C-1  |Inductive Loop
IR2 Eltec 842 iL1B-1 |Inductive Loop
IL1A-1  ]Inductive Loop U1 Sumitomo RDU-101
MG2A-1 |SPVD Magnetometer JMBA-2 |EIS RTMS (iwd-lock)
2 iM2B MW Sensors TC-26 |M5SA Whelen TDW-10 VIP1A Autoscope 2003 VIP
VIP1C Autoscope 2003 VIP [M8A-3 |EIS RTMS (fwd-look)
MiB MW Sensors TC-20 VIP1B Autoscope 2003 VIP
M1A MW Sensors TC-20
3 |M6A-5 |EIS RTMS (side-look) IM6A-6 |EIS RTMS (side-look)|M6A-7 |EIS RTMS (side-lock

Figure 10-23.
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Detection Zones on I-4 in Altamonte Springs, FL
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Sumitomo RDU-101 Doppler ultrasonic
detector, and those included in the second zone
were from the forward-looking RTMS-X1
true-presence microwave radar.

Five microwave detectors had footprints in
Zone 2. Microwave Sensors TC-20 and

TC-26 monitored lane 1, while a Whelen
TDW-10, Microwave Sensors TC-20, and the
first forward-looking RTMS-X1 range bin
were in lane 2. A second TC-20 was mounted
on a support column located in the freeway
median of SR 436 and was side-fired into lane
1. The Autoscope 2003 video image processor
monitored all three lanes in Zone 2.

Zone 3 overlaps Zone 2, representing the area
covered by the side-looking RTMS-X1 radar
mounted on a pole located on the eastbound side
of the freeway near the trailer. This unit also
monitored all three eastbound lanes, although
ground truth is not available against which to
compare these outputs.

10.10.1 Run 07221647

The run is representative of a typical evening
rush hour. Westbound traffic is usually
heavier in the morning when workers
commute from the suburbs into Orlando. This
session, as with most of the nighttime runs,
continued into darkness in order to monitor
the effect of the light-to-dark transition on
video image processor operation.

Total Vehicle Counts

Table 10-5 shows vehicle count results
collected over the entire 4-hour session.
Vehicle counts were not ground truthed for
this run. Instead, the percent difference was
computed with respect to the first inductive
loop in each of the three lanes. The loops have
been shown to be accurate to within 0.5
percent in other Florida freeway runs. Thus,
the percent difference computation yields a
meaningful figure of meril.

Table 10-5. Vehicle Counts for Run 07221647 on Florida Freeway

Lane 1 Lane 2 Lane 3

Detector |[Count|% Diff] Detector |Count|% Diff] Detector [Count|% Diff
ILD 1 2297 0.0 }ILD 1 3832 0.0 ]iLD 1 1586 0.0
ILD 2 22921 -0.2 JILD 2 3634 0.1 LD 2 1587 0.1
TDN-30 1562 (-32.0 JTDN-30 3436| -5.4 |RTMS-X1**}1451] -8.5
SPVDMag1 |2057 |-10.4 JRTMS-X1(1)*|3506| -3.5 | Autoscope!1 |1566| -1.3
SPVDMag?2 [2035]-11.4 |RTMS-X1({2)"|4290| 18.1 |Autoscope2 |[1406|-11.3
SDU-300 2198] -4.3 |RTMS-X1"" |3419| -5.9 | Autoscope3d [1546| -2.5
TC-20 1718]-25.2 |TC-20 2582 (-28.9
TC-30C 2070 -9.9 |SDU-300 3562 -1.9

RTMS-X1*"12023 |-11.9 | Autoscope 1 35881 -1.2
Autoscope 1 [2234 | -2.7 | Autoscope 2 3247 1-10.6
Autoscope 2 {2202 ] -4.1 | Autoscope 3 3576 | -1.5
Autoscope 3 | 2310 0.6

ILD 1 Ref. 2297 ILD 1 Ref. 3632 ILD 1 Ref. 1586

L4

Forward-looking mode
* * Side-looking mode

The counts from the three loop pairs
demonstrate consistency within 0.2 percent.
The Autoscope 2003, although generally
yielding counts within 3 percent of those of
the loops in at least one zone, shows an
inconsistency among its three detection zones
in each lane. The second of these zones was set
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up as a speed detector. Zones 1 and 3 were set
up as count detectors. The count outputs from
zones 1 and 3 support a graceful transition
from daylight to nighttime algorithms since
the inaccuracies do not grow large over the
approximately 5:00 to 9:00 p.m. run.
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The first detection zone of the RTMS-X1 in
lane 2 counted to within 3.5 percent of the
loop value, while the second detection zone
overcounted by 18 percent. This is due to the
difficulty in confining the elliptical beam
footprint to a single lane. This causes
"splashing,” which is the detection of vehicles
from adjacent lanes of traffic. A second
RTMS-X1, operating in a side-locking mode,
gave varying accuracy results. This single
unit also monitored traffic in the three east-
bound lanes, but there is no other data against
which to compare these results. The TC-20s
in lanes 1 and 2 undercounted due to their
long electronic hold times, while the TDN-30
microwave detector in lane 1 is believed to
have suffered damage from water seeping into
the detector electronics. The TDN-30 in lane
2 agreed with the loop count to within

5 percent. The SDU-300 ultrasonic detector
achieved 96- and 98-percent agreement with
the loops in lanes 1 and 2, respectively.
10.10.2 Run (07231329

This run, though quite short in duration, is
important in that it occurred during a heavy
thunderstorm. This allows data to be
compared with those from the run of the day

before (07221647) to ascertain whether or
not the heavy rain made an appreciable
difference on the count accuracies. Results
were ground truthed for this run, which
enables percent error to be caiculated.

Total Vehicle Counts

The results from Table 10-6 indicate that
most of the detectors suffered little or no
degradation in performance due to the extreme
weather conditions present during the run.
The only notable exception was the SPVD
magnetometer. The lead magnetometer in lane
1 undercounted by nearly 50 percent,
whereas on the previous day it was 10
percent under the count from the loops. The
reason for this result is not apparent since
the magnetometer count accuracy in
subsequent runs, as observed in the Paradox
database files, was closer to the performance
demonstrated in the previous Florida freeway
runs. The count accuracy of the second
magnetometer was within 1 percent of the
value recorded on the previous day. The TC-
30C ultrasonic detector was not operational
due to a failure that occurred prior to the run
made earlier in the morning.

Table 10-6. Vehicle Counts for Run 07231329 on Florida Freeway

Lane 1 Lane 2 Lane 3
Detector [Countlx Erro] Detector |Count]% Error] Detector {Count{% Errol
ILD 1 963 0.4 JILD 1 1057 0.5 |ILD 1 522 -0.4
ILD 2 964 0.5 |1ILD 2 1057 0.5 JILD 2 521 -0.6
TDN-30 713 | -25.7 | TDN-30 1043 -0.9 JRTMS-X1""] 475 -9.4
SPVDMag1 | 493 | -48.6 |RTMS-X1(1)*|1057 0.5 | Autoscopet ] 511 -2.5
SPVDMag2 | 844 | -12.0 |RTMS-X1(2)*|1176 11.8 JAutoscope2| 476 -9.2
SDU-300 938 -2.2 JRTMS-X1** 1011 -3.9 JAutoscope3 | 493 -5.9
TC-20 609 | -36.5 |TC-20 696 -33.8
TC-26 1020| +6.4 }SDU-300 1033 -1.8
RTMS-X1**| 900 -6.2 | Autoscope 1 1036 -1.5
Autoscope 1 | 925 -3.5 | Autoscope 2 1006 -4 .4
Autoscope 2 | 926 -3.4 | Autoscope 3 1031 -2.0
Autoscope 3 | 938 -2.2
Ground Truth| 959 Ground Truth 11052 [Ground Truthj 524

»

Forward-looking mode
" * Side-looking mode
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Cne possible explanation for the magneto-
meter anomaly is RF noise due to either the
lightning or, more likely, from nearby RF
communications. The magnetometer
receiver's frequencies of operation are not in
a protected band, and spurious voice
fransmissions were heard from time to time
during the field tests through a speaker
connected to the output of the receiver.

10.10.3 Run 07280615

This run is representative of morning rush-
hour conditions on westbound 1-4. The
session began at 6:15 a.m. and continued until
approximately 10:50 a.m. The results shown
in the following figures compare vehicle
counts and flow among the detectors.

Counts vs. Time of Day

Figure 10-24 compares vehicle counts
versus time of day for six traffic detectors
located in the fast lane of the westbound 1-4
freeway. The vehicle counts were ground
truthed by manually counting vehicles from
the video tape made of the actual run during
the interval from 7:30 to 9:00 a.m. This

gives a true value with which to compare the
counts from the detector outputs. The figure
includes data from the RTMS-X1 microwave
presence radar, a TDN-30 Doppler
microwave detector, an SDU-300 uitrasonic
detector, an inductive loop, the 780D1000
laser radar, and the Autoscope 2003 video
image processor.

A wide variation in the vehicle count is shown.
The best count results were achieved by the
inductive loop, followed by the Schwartz laser
radar relay output, the Autoscope VIP, and the
Sumitomo SDU-300 ultrasonic detector in
that order. The two microwave detectors, the
side-looking RTMS and the Whelen TDN-30,
showed poor results for this test. The RTMS
generally provides better results in the
forward-looking orientation; the Whelen
TDN-30's problem was likely due to a failure
of a rubber seal that aliowed water from a
number of thunderstorms to seep into the
unit. Whelen has since improved the design of
their housings and seals and drilled a hole in
the bottom of their case to avoid accumulation
of mgisture.

Run 07280615
Florida Freeway

Hot, humid
t.ane 1

2500 Ground Truth Value:

2281 vehicles
Detector Count % Error

LD 2278

Autoscope

780D1000

2000
780D1000 2186

Autoscope 2161
SDU-30 2108 7.6
RTMS 1908 16.3*
“ITDN-30 1578 30.8**

L *Side-locking mode!
F**Water seal failed

1500

SDU-300

1000

Vehicle Counts

™Y
4

500

Time

8.5

of Day

Figure 10-24. Comparison of Detector
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Count Data at Florida Freeway Site
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Vehicle Fiow vs. Time of Day traffic volume occurring at 7:00 a.m. that
steadily decreases until approximately 10:00
Figure 10-25 shows how the traffic flow a.m. All the curves have the same basic
varied during an approximate 4-hour pericd shape, with the only discernible difference
for the same six detectors represented in occurring in the plot representing the
Figure 10-24. These curves are fifth order Autoscope 2003 video image processor. Here,
polynomial fits to the computed flow data that the flow appears to fall off more rapidly after
were calculated using 5-minute integration 8:30 a.m. for the Autoscope than for the other
intervals. The plots illustrate a peak in the detectors. The reason for this is not known.
Run 07280615 Hot, humid
Florida Freeway Lane 1
2500 ) i t !
t Autoscope ]
2000 +
= I ]
~ i J
g 1500 T 780D1000 L
3 i : : ]
o [ ]
1000
L : : : : 4
500 } t } }
6 7 8 9 10 11
Time of Day

Figure 10-25. Comparison of Detector Flow Data at Florida Freeway Site
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Histogram of Occupancy Computations

Figure 10-26 shows a histogram relating
lane occupancy to the number of occurrences
over the entire run of approximately 4 hours.
Each bin of the histogram represents a 2.5-
percent increment in lane occupancy, defined
as the percentage of an integration interval
that a detector is in an active state. Occupancy

is commonly used as a surregate for lane
density. The occupancy values were computed
using a 30-second integration interval. The
histogram shows that this detector,
representing one of the detection zones from
an Autoscope 2003 video image processor,
measured occupancies of 2.5 to 15 percent
approximately 80 percent of the time.

Number of Occurrences

Run 07280615 Hot, humid
Florida Freeway Lane 1
120 + t + t +
o e
d . . 9
5 30-second integration ]
100 interval applied to 4
r Autoscope data 1
+ 1
o r
80 ‘T -+
F
60 - 4
I
3
40 T +
[ 1
20 - -4
] s

5 10 15 20 25 30
Occupancy (%)

Figure 10-26.

Occupancy Histogram at
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1-4 Freeway Site, Altamonte Springs,

FL
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Effect of Integration Interval on Fifth Order
Polynomial Curve Fit

The effect of the integration interval on lane
occupancy was computed using the Autoscope
detection zone output from lane 1 of the I-4
freeway site. Occupancy was calculated by
summing the vehicle presence times output by
the detector interface over a selected
integration interval and then dividing the sum
by the interval time. This yielded the
percentage of the time that the detector was in
the active state over that interval. The
resulting occupancy values were plotted
versus time of day. The data were fitted to a
fifth order polynomial curve in order to
better examine the average trend that was
somewhat masked by the discrete occupancy

values, as shown on the left in Figure 10-27
for a 30-second interval. This process was
repeated using a 5-minute integration
interval in order to assess the effect of a
longer integration time on the discrete data
points and the fitted curve as illustrated in
the right graph in Figure 10-27. Integrating
the data one-tenth as often eliminated the peak
values evident in the left graph. Qverlaying
the curves fitted to the 30-second and 5-
minute integrated data showed no discernible
difference in the fitted curves. This enabled
the analyst to use a 5-minute integration
interval in future analyses 1o speed up the
data output process when average trends were
desired. However, if peak values were needed,
then the shorter integration intervals were
used.

304 ) % } ] 30+ ! ; ;

25 E | ] 30-second .m"E_ 25 F ‘ S-nﬁnute R i
-~ - integration interval —~ integration interval
Sa04 o 1T Raof :

2 1 =z ¢ E
'515_‘_. ll ; “' 815'%‘ .
n . s a .
N 1 2 F Wwg =
5 101 3+ g4 oy ]
S 3 E dAC:
. | ° < f A ]
. l[i[ I ”‘ - : H 3 1
0 o i i } . o.f ]
? 9 10 11 6 : 10 M
Time of Day Time of Day
Figure 10-27. Effect of Integration Interval on Data Resolution

106.11 FLORIDA SURFACE-STREET
DATA

The evaluation site on SR 436 had four
concentrations of detection zones. The first
zone, shown in the table accompanying Figure
10-28, is labeled detection Zone -1 due to its
placement forward of the other zones. Two
detectors monitored this area of lane 1 as they
observed approaching traffic. The overhead
detectors in the other zones observed the rear
of the vehicles as they monitored departing
traffic. '

Detection Zone 0 contained the footprints of
the detectors oriented toward nadir in lanes 1
and 2. The first pair of inductive loops were
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in between Zones 0 and 1. The second sat of
loops generally coincided with detectors
having footprints in Zone 1. Zone 1 contained
the viewing areas of devices that were
oriented at approximately 45 degrees with
respect to the plane of the roadway. These
included a Whelen TDN-30 Doppler
microwave detector in lane 1 and the first of
the two range bins from the forward-looking
RTMS-X1 true-presence microwave radar in
lane 2. The furthest viewing area was
detection Zone 2 that contained the
approximate viewing areas of the TC-26
Doppler microwave in tane 1 and the TDW-10
Doppler microwave and second RTMS-X1
range bin in lane 2.
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Florida Surface-
Street Site

Detection Zone -1
VA Detection Zone O

E Detection Zone 1

Detection Zone 2
"o 3 Inductive Loop
SPVD Magnetometer
'~ 6 ft
i
~an | 22 =N
Lane 1 | Lane 2 | Lane 3 A| AI AI
\
\ Direction of Traffic Flow
1ft=0.305m
Zone Lane 1 Lane 2
Symbol Model Symbol Model
-1 Ju Sumitomo RDU-101
IR1 Schwartz 78001000
0 L2A Sumitomo SDU-300 uze Sumitomo SDU-300
UsA Microwave Sensors TC-30C FR3 Eltec 833
IR2 Eltec 842 IL1B-1 Inductive Loop
1L1A-1 Inductive Loop
M4B Whelen TDN-30 MG2A-1 SPVD Magnetometer
IL1A-2 Inductive Loop M6A-2 EIS RTMS-X1 {fwd-looking)
ILiB-2 Inductive Loop
M2B Microwave Sensors TC-26 |M6A-3 EIS RTMS-X1 (fwd-looking)
MSA Whelen TDW-10

Figure 10-28. Detection Zones on SR 436 in Altamonte Springs, FL
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10.11.1 Run

09071553

The weather during the run was hot and humid
with heavy rain starting at about 5:15 p.m,,
tapering to thunder showers around 5:30.

Vehicle Counts in Lane 1 vs. Time of Day

Both the TDN-30 and the loops had a 1.5-
percent error with respect to the ground

truth value of vehicle count in lane 1 as
shown in Figure 10-29. In fact, all detectors,
with the exception of the TC-26, performed
within manufacturers' specifications. The
TC-26 is not designed for a vehicle-counting
application because of its long hold time. Htis
designed for signal control and detection of
vehicles approaching an intersection that are
within its field of view.

Run 09071553 Hot, humid
Florida Surface Street Lane 1
2000 } ] }
Ground Truth Count: | : N L
1815 vehicles SDU-300 ~ "]
% ; o "
- | Detector Counts Error
1500 111D 1787 -1.5
" { TDN-30 1788 -1.5
® TC-26 1637 -9.8
E SDU-300 1915 +5.5
g 842 1745 -3.9
1000 :
K
2
s
>
500
0
17.5 18 18.5
Time of Day
Figure 10-29. Comparison of Vehicle Count Data on Lane 1 of Florida

Surface-Street Site
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Vehicle Counts in Lane 2 vs. Time of Day

Figure 10-30 centains the vehicle count data
from lane 2. The count from the forward-
looking RTMS-X1 microwave detector was
closer to the ground truth value during this
run than was the count from the inductive

loop. The larger error shown by the 833
passive infrared detector was probably due to
the relatively long hold time of the device.
The hold time, however, is a design parameter
that generally can be adjusted by the
manufacturer to suit specific applications.

Run 09071553 Hot, humid
Florida Surface Street Lane 2
2000 g ;
Ground Truth Count: RTMS 4
1778 vehicles : \ L
% 4
1500 Detector Counts Error
ILD 1748 -1.7
‘2 833 1651 -7.3
5 RTMS 1781 +0.2
S
© 1000
2
- J.J H
g _,,-"
500
0 }
16.5 17 17.5 18 18.5
Time of Day
Figure 10-30. Comparison of Vehicle Count Data on Lane 2 of Florida

Surface-Street

Vehicle Counts in Lane 2 Over 3-Minute
Traffic Signal Cycle

The data in this run were analyzed to
determine the short-term count accuracy of
the detectors over a time period consisting of
one traffic signal cycle egual to 3 minutes.
The counts from the forward-looking RTMS
detector were closest to the 2-hour ground
truth value of 1778 vehicles. Therefore, this
detector was used as the reference for the
analysis of short-term count stability shown
in Figures 10-31 and 10-32.

Video imagery in future analyses can be used o
ground truth the count over a time interval
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Site

of only one signal cycle. [n this way, the
detector with the best short-term accuracy
can be identified and used as the reference
against which to compare the counts of the
other detectors.

Comparison of Vehicle Counts From Eltec 833
With RTMS-X1

Figure 10-31 shows the short-term stability
of the vehicle count obtained with the Eltec
833 and the RTMS-X1 in lane 2 (middle
lane). The data span almost a 6-hour period.
They were accumulated over 3-minute
intervals corresponding to the cycle time of
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Figure 10-32, Percentage Difference in Vehicle Counts Between Inductive Loop and RTMS-X1

Over 3-Minute Traffic Signal Cycles
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the traffic signals at this intersection. The
average value of the count difference was
-1.94 counts and the standard deviation of the
count difference was 2.83 counts. The
standard deviation of the percent difference
values was 7.22 percent. The Eltec 833
consistently undercounted as evidenced by the
predominance of negative percent differences
when compared with the RTMS counts. This
indicates that the Ehec 833 IR detector is
either missing some vehicles entirely (due to
insufficient detector sensitivity to distinguish
the thermal contrast between the vehicle and
the road surface), or failing to discriminate
between closely spaced vehicies.

Comparison of Vehicle Counts From Inductive
Loop With RTMS-X1

Figure 10-32 shows the short-term stability
of the vehicle count obtained with the first
inductive loop and the RTMS-X1 in lane 2
(middle lane). The average value of the count
difference was -0.75 counts per interval and
the standard deviation of the count difference
values was 1.73 counts. The standard
deviation of the percent difference values was
5.35 percent. These results show that the
‘loop did not consistently overcount or
undercount with respect to the RTMS.
10.11.2 Run 09141730

The weather during this run was warm,
humid, and clear. The duration of the session

was approximately 3.5 hours with video
ground truthing performed for a 2-hour
window between 6:00 and 8:00 p.m.

Vehicle Counts vs. Time of Day

Vehicle counts were tabulated for the 6 p.m. to
8 p.m. ground truth period for the detectors
in lanes 1 and 2. The results are shown in
Table 10-7. There are some differences
between these results and those obtained from
run 09071553 conducted 1 week earlier.
The TC-26 microwave detector and Eltec 833
passive infrared detector undercounted by 9.8
and 7.1 percent, respectively, during the run
of September 7, but overcounted by 9.9 and
8.2 percent, respectively, during this run.
The Eltec 842 passive infrared detector
undercounted by approximately 22 percent
more than it did during the September 7 run.
Conversely, the SDU-300 ultrasonic detector
in lane 1 overcounted by 5.5 percent on
September 7 and undercounted by 1.6 percent
during this run. The inductive loops, TDN-30
microwave detector, and RTMS-X1
true-presence microwave radar all showed
reasonable consistency in their respective
count accuracies when compared to the run
conducted 1 week prior. Further analysis
needs to be performed to determine trends or
patterns that may explain the inconsistency in
the results. This entails overlaying the
detection information for a given detector onto
the video imagery and examining each missed
or false detection.

Table 10-7. Vehicle Counts for Run 09141730 on Florida Surface Street

Lane 1 Lane 2

Detector Count (% Error|Detector Count |% Error

(LD 1 1476 -2.4 ILD 1 1411 -1.6

(LD 2 1467 -3.0 ILD 2 1386 -3.3

TDN-30 1487 -1.7 FRTMS-X1 (1) 1468 2.4

TC-30C . - [RTMS-X1 (2) 1523 6.2

TC-26 1661 9.9 833 1552 8.2

780D1000 o - SDU-300 e -

842 1125 -25.6 TC-20 873 -39.1

SDU-200 1131 -25.2

SDbU-300 1488 -1.6

Ground Truth 1512 Ground Truth 1434

*

ok

Not functioning

Mounting height exceeded manufacturer's maximum operating range

* * * Detector electronics were not calibrated for the large operating range at this site
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10.12 PHOENIX AUTUMN 1993
FREEWAY DATA

The Phoenix 1-10 freeway sile was
characterized by five detection zones over
three lanes of westbound traffic. The five
zones are shown in Figure 10-33. In keeping
with the convention established for the
Florida surface-street runs, Zone -1 was
assigned to the area on the opposite side of the
sign structure from that monitored by the
other detectors. The AT&T passive acoustic
array and the Eltec 833 passive infrared
detector in Zone -1 monitored departing
traffic because AT&T preferred to have their
array face departing traffic, and the 833
provided counts to compare with those from
the acoustic array. Because of the location of
these footprints, video ground truth was not
available for these detectors. However, due to
the small amount of lane-changing observed at
this location, the count variation with respect
to the other lane 2 detectors is expected 1o be
minimal.

Zone 0 contained footprints from detectors
that are oriented at or near nadir. The Eltec
842 passive infrared device was mounted
north of lane 1 as shown in Figure 9-30, but
was side-looking into Zone 0 of lane 1. The
second inductive loop in each lane and the
second SPVD magnetometer in lane 2 were
located between Zones 0 and 1.

Zone 1 contained the lead loops in each of the
three lanes and the lead magnetometer in lane
2. Most of the beam footprints from the
forward-looking microwave detectors were
found in Zone 1, with the exception of the
first RTMS-X1 range bin located in Zone 2.
The footprints of the wide-beam Whelen
TDW-10 radar and Autoscope were also in
Zone 2. Zone 3 overlaps Zone 1 and
represents the area covered by the side-
looking RTMS-X1 microwave detector
mounted on a pole on the north side of the
freeway.

The inductive loops failed to operate properly
throughout the Phoenix 1993 tests. The lead
loop in lane 2 was affected the most and
consistently registered false detections due to
crosstalk between adjacent loops. The
problem persisted in spite of trying many
different types of loop amplifiers, adjusting
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the loop frequency and sensitivity settings,
rechecking the electrical ground connections,
and replacing the lead-in wire to the test
trailer with premium quality shielded cable.
Arizona DOT loop installation personnel spent
a substantial amount of time attempting 1o
ascertain the cause of the problem without
success. The project was unable to obtain
permission to close the freeway lanes and
have the loops reinstalled.

10.12.1 Run 11090822

This was one of the first runs conducted at the
Phoenix freeway site. The Autoscope VIP had
not yet been installed. Vehicle counts were
ground truthed for a 1-hour period between
9:00 and 10:00 a.m. for lanes 1 and 2 using
the recorded video imagery. The results are
shown in Table 10-8. The inductive loops and
the Sumitomo SDU-300 ultrasonic detector
yielded the best count accuracies in lane 1.

All of the lane 1 detectors shown yielded at
least 90-percent accuracies with the
exception of the Eltec 842. This unit ceased to
respond at all within 2 weeks from this date,
so it may have been operating in an impaired
state. Since the 842 was configured as a
presence detector, the count accuracy suffered
in high-volume applications due to the
detector's long hold time.

Several detectors in lane 2 displayed good
count accuracies. Both of the SPVD
magnetometers and the Eltec 833 all achieved
count accuracies greater than 99 percent,
with the TDN-30 microwave detector and the
SDU-300 ultrasonic detector close behind.
The acoustic array overcounted by 21
percent. Since these tests, the sound
processing algorithms in the acoustic detecter
have undergone a substantial amount of
modification and the detector package size has
been reduced considerably. The TC-20
Doppler microwave and the Eltec 842 passive
infrared detectors undercounted by
approximately 28 percent and 21 percent,
respectively. This has been attributed to
their relatively long hold times that cause
undercounting in heavy traffic applications.
Note that presence detection, and not vehicle
counting, is the primary function of these
detectors. Count accuracy could be vastly
improved with a simple modification to the
detector electronics that reduces hold time.
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Figure 10-33. Detection Zones on [-10 in Phoenix, AZ During Autumn 1993
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Table 10-8. Vehicle Counts for Run 11090822 on Phoenix Freeway

Lane 1 Lane 2
Detector Count | % Error | Detector Count | % Error
ILD 1 766 2.1 SPVD Mag 1 1025 -0.8
ILD 2 789 5.2 SPVD Mag 2 1032 -0.1
TDN-30 686 -8.5 Lo 1* 3030 193.3
TC-30C 697 -7.1 LD 2 944 -8.6
78001000 680 -9.3 TDN-30 1019 -1.4
842~ 530 -21.3 TC-20" 747 -27.7
SDU-300 719 -4.1 833 1042 0.9
Acoustic Array | 1251 21.1
SDU-300 1009 -2.3
Ground Truth 750 Ground Truth 1033

[

Designed as a presence detector

* w

10.12.2 Run 11221359

The run commenced when traffic was
moderate and continued through the time of
peak traffic. The weather was mild and clear.
Vehicle counts were ground truthed in post-

processing for the 4:00 to 5:00 p.m. interval.

Vehicle Counts vs. Time of Day

Figure 10-34 compares the vehicle counts
from seven detectors in lane 2 at the Phoenix
site with ground truth. All detectors, except
the loops, appeared to perform within
manufacturers’ specifications. The poor
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Crosstalk between loops in the same lane on lanes 1 and 2

performance of the loops at this site was
traced to crosstalk between loops in the same
lane. Therefore, this was the only site where
the loops could not be relied on for accurate
vehicle counts nor for the use of multiple-
loop speed traps. When the Phoenix site was
revisited in the Summer 1994, only cne loop
was used in lanes 1 and 2, and the crosstalk
problem was not encountered. The loops in
lane 3 (the rightmost through-lane) did not
experience crosstalk. Unfortunately, the
detectors could net be moved over lane 3
because of the presence of a large variable
message sign mounted on the sign-bridge
structure.
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Figure 10-34. Comparison of Vehicle Count Data for Run 11221359
at Phoenix Freeway Site

Vethicle Flow vs. Time of Day

Figure 10-35 shows vehicle flow in lane 2 as
calculated from the TC-30C and SDU-300
ultrasonic detectors and an SPVD magneto-
meter. Figure 10-36 shows vehicle flow in
lane 2 based on data from the TDN-30
microwave detector, 833 passive infrared,
and Autoscope 2003 video image processor.
Two figures were used to show the flow data
for the six detectors in order 1o make the
individual curves more clear. The flows were
computed based on 1-minute data integration
intervals over a 1-hour period belwsen 4 and
5 p.m. for which the ground truth vehicle
counts were available. The result of using a
1-minute integration interval is a discrete,
"spiky" curve. Shorter integration intervals,
such as 30 seconds, produce flow values that
reflect the microscopic movement of
individual vehicles and thus may generate a
curve that shows higher instantaneous flow
rates. Short integration