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Disclaimer Notice

This document is disseminated under the sponsorship of the Department of Transportation in
the interest of information exchange. The United States Government assumes no liability for its

contents or use thereof.

The contents of this summary document reflect the views of the contractor and subcontractors,
who are responsible for the accuracy of the data presented herein. The contents do not

necessarily reflect the official policy of the Department of Transportation.

This document does not constitute a standard, specification, or regulation.

The United States Government or the Vehicle Detector Clearinghouse does not endorse products

or manufacturers. Vendor and manufacturer s names appear herein only because they are

considered essential to the purpose of this document.
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Chapter 1 - Introduction

The surface transportation system of the United States is comprised of approximately 3.7
million miles of roads and 503 public transit systems, which accommodate 4 trillion passenger
miles and 3 trillion ton miles of freight per year (Apogee/Hagler Bailly, 1998). Demands on the
system are growing rapidly with an estimated travel demand increase of 30% over the next ten
years (Proper & Cheslow, 1997). In order to prevent congestion at current levels from getting
worse, the U.S. would have to increase the capacity of the transportation system by the same
30%. One option is to increase the capacity by increasing the number of lane miles, which
translates to about 4,427 lane miles of new miles of roadway every year. At the present time,

roads are being built at about two-thirds this rate.

A second option is to develop alternatives that increase capacity by improving the efficiency of
the existing transportation system. This option focuses on building fewer lane-miles, while
investing in Intelligent Transportation Systems (ITS) infrastructure. In 1991, the Intermodal
Surface Transportation Efficiency Act resulted in the formation of the Federal Intelligent
Transportation Systems (ITS) program to address ways to deal with the increase in travel

demand on the nation s transportation systems using the second option.

The goals of ITS include the following:

* Enhance public safety;

* Reduce congestion;

* Improved access to travel and transit information;

* Generate cost savings to motor carriers, transit operators, toll authorities, and government
agencies; and

* Reduce detrimental environmental impacts.
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ITS include sensor, communication, and traffic control technologies. These technologies are
assisting states, cities, and towns nationwide meet the increasing demands on the surface
transportation system. Vehicle detection and surveillance technologies are an integral part of ITS,
since they gather all or part of the data that is used in ITS. It is estimated that an investment in
ITS will allow for fewer miles of road to be built, thus reducing the cost of mitigating recurring

congestion by approximately 35 percent nationwide (Apogee/Hagler Bailly, 1998).

New vehicle detection and surveillance technologies are constantly being developed and existing
technologies improved, to provide speed monitoring, traffic counting, presence detection,
headway measurement, vehicle classification, and weigh-in-motion data. This summary document
was developed to assist in the selection of vehicle detection and surveillance technologies that
support traffic management and traveler information services. The information will also be useful
to personnel involved in traffic data collection for planning, policy, and research purposes.
Included are descriptions of common types of vehicle detection and surveillance technologies in
terms of theory of operation, installation methods, advantages and disadvantages, and summary
information about performance in clear and inclement weather and relative cost. Following each
technology description is vendor-provided information about specific sensor models, their
functions and applications, users, and installation and maintenance costs. A 3-ring binder format

was selected to allow the contents to be easily updated.

The Summary of Vehicle Detection and Surveillance Technologies Used in Intelligent
Transportation Systems will be updated periodically as long as the Vehicle Detector
Clearinghouse remains in operation. The latest version of this summary document is available in

electronic format at the following URL: http://www.nmsu.edu/~traffic .
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Chapter 2 - Methods and Approach

To accomplish the objectives outlined in Chapter 1 of this document, a multi-task approach was
taken using a team of experts from Southwest Technology Development Institute (SWTDI), the
Vehicle Detector Clearinghouse (VDC), and Dr. Lawrence A. Klein a private consultant in the
traffic management and sensor technology areas. The following sections discuss briefly the tasks

carried out to complete the objectives of the project.

Collection of Product Information

Product information for vehicle detection and surveillance technologies used in ITS was obtained

from the vendors and manufacturers of the equipment. To facilitate this effort, a database of

vendors and manufacturers addresses and contact information was developed in electronic

format using the Excel worksheet software package. The information for the database was

gathered from the following sources:

» Existing VDC product database;

* List supplied by FHWA;

* List supplied by private consultant;

* Internet based searches using specific key words;

* Intelligent Transportation Society of America s Tenth Annual Meeting and Exposition
Official Exhibitor Directory; and

* Traffic Technology International, April/May 2000 issue.

Once the database of vendor and manufacturer information was compiled, vendors and
manufacturers were contacted to obtain specific information on their products. The vendors and
manufacturers were sent a vendor survey and a cover letter explaining the purpose of the survey.

The vendors and manufacturers that were selected were contacted by regular mail, facsimile, and
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Email. The database included a status column that provided updated information, such as
whether the vendor survey response was received from the corresponding vendor/manufacturer
or whether it was returned unopened. If the survey packet was returned unopened, the address

was checked and corrected if necessary and a second packet was sent.

The vendor/manufacturer database, a copy of a blank survey and a copy of the form cover letter
are included in Appendix A of this document. At the time this edition was prepared, a total of
86 additional vendor survey packets had been sent, thus more responses were expected. The
survey responses included product name, a general description of the equipment, sensor
technology and configuration, installation time and requirements, product capabilities/functions,

recommended applications, list of users, etceteras.

VDC project consultants reviewed the vendor s and manufacturer s survey responses for errors.
When necessary, VDC project consultants contacted the vendors and manufacturers to obtain

clarification on some of the vendor survey responses.

Collection of User Information

User information was obtained from compiled responses to the State Equipment Questionnaire
and the Survey of Degree of Satisfaction of State DOT Personnel with Vehicle Detection
Equipment for the ongoing VDC project. Although the user data collected was specific to the
make and model of certain types of equipment, generalizations were made based on equipment
types so as not to unfairly criticize vendors and manufacturers. The generalizations made were

then included in this summary document in the equipment description sections.

Compilation of Information
Once a response to the vendor and manufacturer survey was received, it was compiled in

electronic format and added to The Summary of Vehicle Detection and Surveillance Technologies
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Used in Intelligent Transportation Systems document. In order to avoid misinterpretation of
vendor and manufacturer information, the vendor survey information was entered directly onto a
blank survey form identical to the one the vendor or manufacturer had filled out. The vendor and
manufacturer survey responses were organized according to the type of sensor technology

utilized (e.g. loops, road tubes, video, etc.).

In addition to the vendor and manufacturer two-page survey responses, a detailed technology
description was added and organized according to the type of sensor technology. The detailed
description included principles of operation, typical uses, relative costs for some, advantages and
disadvantages, etceteras. Also, in Chapter 3, a comparison of several technologies based on cost,

applications, etc. was presented.

Finally, the information contained in this summary document was compiled and organized into a
three-ring binder format to allow for quick removal and addition of outdated and updated
information, respectively with the most current version of the document available in electronic

format at the following URL: http://www.nmsu.edu/~traffic/ . Furthermore, in the hard copy

version of the document the vendor and manufacturer survey responses do not have page
numbers, thus when these are taken out or added to the binder, the table of contents will remain
undisturbed. The authors felt that the information contained in this summary document would be

useful to a wide audience with varied practical and technical backgrounds.
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Chapter 3 — Overview of Vehicle Detection and Surveillance Technologies

Vehicle detection and surveillance technologies may be described as containing three components,
the transducer, a signal processing device, and a data processing device. The transducer detects
the passage or presence of a vehicle or its axles. The signal-processing device typically converts
the transducer output into an electrical signal. The data-processing device usually consists of
computer hardware and firmware that converts the electrical signal into traffic parameters.
Typical traffic parameters include vehicle presence, count, speed, class, gap, headway,
occupancy, weight and link travel time. The data processing device may be a part of the sensor,
as with devices that produce serial output data, or may be controllers external to the sensor as

utilized with sensors that have optically-isolated semiconductor or relay outputs.

The following chapters describe the operating principles, sensor measurement accuracy, costs,
advantages, and disadvantages of technologies that find application in intrusive and non-intrusive
sensors. Each section also contains equipment-specific data supplied by the manufacturers or

vendors of representative sensors.

Intrusive sensors

Intrusive sensors include inductive loops, magnetometers, microloop probes, pneumatic road
tubes, piezoelectric cables and other weigh-in-motion sensors. These devices are installed
directly on the pavement surface, in saw-cuts or holes in the road surface, by tunneling under the
surface, or by anchoring directly to the pavement surface as is the case with pneumatic road
tubes. The operation of most of these sensors is well understood as they generally represent
applications of mature technologies to traffic surveillance. The drawbacks to their use include

disruption of traffic for installation and repair and failures associated with installations in poor
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road surfaces and use of substandard installation procedures. Resurfacing of roadways and

utility repair can also create the need to reinstall these types of sensors.

Non-intrusive Sensors

The quest for an alternative reliable and cost-effective vehicle detection and tracking system,
which can be installed and maintained with safety and minimal disruption of traffic and can
provide traffic data at least as accurate as the inductive loop detector, has been underway for
some time. Recent evaluations have shown that modern aboveground sensors produce data that
meet the requirements of many current freeway and surface street applications. Aboveground
sensors can be mounted above the lane of traffic they are monitoring or on the side of a roadway
where they can view multiple lanes of traffic at angles perpendicular to or at an oblique angle to
the flow direction. The technologies currently used in aboveground sensors are video image
processing, microwave radar, laser radar, passive infrared, ultrasonic, passive acoustic array, and
combinations of sensor technologies such as passive infrared and microwave Doppler or passive
infrared and ultrasonic. Like the subsurface sensors, the aboveground sensors measure vehicle
count, presence, and passage. However, many also provide vehicle speed, vehicle classification,

and multiple-lane, multiple-detection zone coverage.

Applications of Sensor Combinations

Figure 1 displays sensors that combine passive infrared presence detection with ultrasound or
Doppler radar. The passive infrared-ultrasonic combination provides enhanced accuracy for
presence and queue detection, vehicle counting, and height and distance discrimination. The
passive infrared-Doppler radar sensor is designed for presence and queue detection, vehicle

counting, speed measurement, and length classification.



ASIM DT 272 Infrared-ultrasonic sensor ASIM DT 281 Infrared-Doppler radar sensor

Figure 1. Infrared combination sensors. (Photographs courtesy of ASIM
Technologies, Uznach, Switzerland).

The dual-passive infrared Doppler radar sensor relies on the radar to measure high to medium
speeds and the passive infrared to measure vehicle count and presence. At medium speeds, the
multiple detection zone passive infrared automatically calibrates its speed measurements against
the radars. This calibration permits the infrared to measure slow vehicle speeds and detect

stopped vehicles.

Relative Cost of Sensors

A satisfactory cost comparison between various sensor technologies can only be made when the
specific application is known. For example, a relatively inexpensive ultrasonic, microwave, or
passive infrared sensor 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
sensors 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 single zone infrared sensor), a more
expensive sensor such as a video image processor (VIP) may be the better choice. Consequently,
if it requires twelve to sixteen conventional inductive loop detectors (or ultrasonic, microwave, or

infrared, etc. sensors) to fully instrument an intersection, the cost becomes comparable to that of
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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 sensors

and requiring information not always available from the less expensive sensors.

Microwave presence radar mounted in a side-looking configuration may perform other
applications, such as simple monitoring of multilane freeway traffic flow or surface street vehicle
presence and speed. In this case, the microwave sensors replace a greater number of loops that
otherwise need be installed in the travel lanes. Furthermore, the microwave sensor potentially

provides direct measurement of speed at a greater accuracy than provided by the loops.

Other factors that affect the cost and selection of sensors are the maturation of the designs and
manufacturing processes for sensors that use the newer technologies, reduced prices through
quantity buys, and availability of mounting locations and communications links at the application
site. In some urban areas, the cost of trenching in the street and restoration for lead-in cable or
cable to connect to a controller cabinet is very high, e.g., $50 per foot (0.3 m) or more.

Trenching, thus becomes a significant part of the installation cost. In these cases, non-intrusive
sensors that utilize an RF, microwave, or spread spectrum radio links may be the low-cost

alternative to gather and transmit sensor data to the controller.

Sensor Technology Comparison

Table 1 compares the strengths and weaknesses of the sensor technologies that will be discussed
in the following chapters of this document with respect to installation, parameters measured,
performance in inclement weather and variable lighting conditions, and suitability for wireless

operation.
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Table 1.
Strengths and weaknesses of aboveground and

subsurface sensor technologies (Klein,

2001)
Technology Strengths Weaknesses
Inductive Flexible design to satisfy large Installation requires pavement cut.
Loop variety of applications. Decreases pavement life.
Mature, well understood Installation and maintenance require lane closure.
technology. Wire loops subject to stresses of traffic and
Provides basic traffic parameters temperature.
(e.g., volume, presence, occupancy, Multiple detectors usually required to instrument a
speed, headway, and gap). location.
High frequency excitation models
provide classification data.
Magnetometer Less susceptible than loops to Installation requires pavement cut.
(Two-axis stresses of traffic. Decreases pavement life.
fluxgate Sqme models‘transmit data over Installation and maintenance require lane closure.
magnetometer) wireless RF link. Some models have small detection zones.
Magnetic Can be used where loops are not Installation requires pavement cut or tunneling

(Induction or
search coil

feasible (e.g., bridge decks).
Some models installed under

under roadway.
Cannot detect stopped vehicles.

magnetometer) roadway without need for pavement
cuts.

Less susceptible than loops to
stresses of traffic.

Microwave Generally insensitive to inclement Antenna beamwidth and transmitted waveform

Radar weather. must be suitable for the application.

Direct measurement of speed. Doppler sensors cannot detect stopped vehicles.
Multiple lane operation available.

Infrared Active sensor transmits multiple Operation of active sensor may be affected by fog
beams for accurate measurement of when visibility is less than »20 ft or blowing
vehicle position, speed, and class. snow is present.
Multizone passive sensors measure Passive sensor may have reduced sensitivity to
speed. vehicles in its field of view in rain and fog.
Multiple lane operation available.

Ultrasonic Some environmental conditions such as

Multiple lane operation available.

temperature change and extreme air turbulence can
affect performance. Temperature compensation is
built into some models.

Large pulse repetition periods may degrade
occupancy measurement on freeways with vehicles
traveling at moderate to high speeds.
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Table 1.

Strengths and weaknesses of aboveground and subsurface sensor technologies

(continued)
Acoustic Passive detection. Cold temperatures have been reported as affecting
Insensitive to precipitation. data accuracy.
Multiple lane operation available. Specific models are not recommended with slow
moving vehicles in stop and go traffic.
Video Image Monitors multiple lanes and Inclement weather, shadows, vehicle projection
Processor multiple zones/lane. into adjacent lanes, occlusion, day-to-night

Easy to add and modify detection
zones.

Rich array of data available.
Provides wide-area detection when
information gathered at one camera
location can be linked to another.

transition, vehicle/road contrast, and water, salt
grime, icicles, and cobwebs on camera lens can
affect performance.

Requires 50- to 60-ft camera mounting height (in a
side-mounting configura-tion) for optimum
presence detection and speed measurement.

Some models susceptible to camera motion caused
by strong winds.

Generally cost-effective only if many detection
zones are required within the field of view of the
camera.

Most overhead sensors are compact and not roadway invasive, making installation and

maintenance relatively easy. Some installation and maintenance applications may require the

closing of the roadway to normal traffic to ensure the safety of the installer and motorist. All the

sensors discussed operate under day and night conditions.

Table 2 lists the types of data typically available from each sensor technology, coverage area,

communication bandwidth requirements, and purchase costs. Several technologies are capable of

supporting multiple lane, multiple detection zone applications with one or a limited number of

units. These devices may be cost effective when larger numbers of detection zones are needed to

implement the traffic management strategy.
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Table 2.
Traffic sensor output data, bandwidth, and cost (Klein, 2001)

Output Data Multiple Communi- Sensor Purchase Cost'
Technology Lan_e, cation
Multiple Bandwidth
Count Presence | Speed Occu- Classifi- [ Detection (each in 1999 $)
pancy cation | Zone Data
Inductive X X X? X x? Low to moderate Low?®
loop ($500 to $800)
Magnetometer X X X? X Low Moderate®
Two-axis fluxgate s to $6,
( is fl $1,100 to $6,300
Magnetic X X? X Low Low to moderate®
nduction or search co1 to ’

(Inducti h coil) ($385 to $2,000)
Microwave radar X X* X X* x* X* Moderate Low to moderate

($700 to $3,300)
Infrared X X X® X X® X6 Low to moderate Low to high

(Passive: $700 to $1,200;
Active: $6,500 to 14,000)
Ultrasonic X X X Low Low to moderate
(Pulse model: $600 to $1,900)

Acoustic array X X X X X7 Low to moderate Moderate

($3,100 to 8,100)
Video image processor X X X X X X Low to high® Moderate to high

($5,000 to $26,000)

O©X AN B L=

Installation, maintenance, and repair costs must also be included to arrive at the true cost of a sensor solution as discussed in the text.

Speed can be measured by using two sensors a known distance apart or by knowing or assuming the length of the detection zone and the vehicle.
With specialized electronics unit containing embedded firmware that classifies vehicles.
From microwave radar sensors that transmit the proper waveform and have appropriate signal processing.
With multi-detection zone passive or active mode infrared sensors.

With active mode infrared sensor.
Models with appropriate beam forming and signal processing.

Depends on whether higher-bandwidth raw data, lower-bandwidth processed data, or video imagery is transmitted to the traffic management center.
Includes underground sensor and local receiver electronics. Receiver options are available for multiple sensor, multiple lane coverage.




The communication bandwidth is low to moderate if only data and control commands are
transmitted between the sensor, controller, and traffic management center. The bandwidth is
larger if real-time video imagery is transmitted at 30 frame/s. The requirement for large
bandwidth communications media such as T1 telephone lines, which support transmission rates
of 1.544 X 10° bits/s or baud at a bandwidth of 125 MHz, and fiber can be reduced if compressed
imagery (e.g., transmission rates of 256,000 bit/s at a bandwidth of 20.5 MHz) is suited for the
application. The required transmission rate increases when large numbers of sensors, roadside
information devices such as changeable message signs and highway advisory radio, signal timing

plans, and traveler information databases are used to implement traffic management strategies.

The range of purchase costs that are shown for a particular sensor technology reflects cost
differences among specific sensor models and capabilities. If multiple lanes are to be monitored
and a sensor is capable of only single lane operation, then the sensor cost must be multiplied by
the number of monitored lanes. Direct purchase cost is not the only cost associated with a
sensor. Installation, maintenance, and repair should also be factored into the sensor selection
decision. Installation costs include fully burdened costs for technicians to prepare the road
surface or subsurface to install the sensor and mounting structure (if one is required), close traffic
lanes where required, and verify proper functioning of the device after installation is complete.
Maintenance and repair estimates may be obtained from manufacturers and from other agencies
and localities that have deployed similar sensors. The technologies listed in Table 2 are mature
with respect to traffic management applications, although some may not provide the data
required for a specific application. Some technologies, such as video image processing, continue
to evolve by adding capabilities that measure additional traffic parameters, track vehicles, or link

data from one camera to those from another.

3-8



Summary

The operation and applications of the following vehicle detection and surveillance technologies

are discussed in the following chapters:

e Pneumatic road tube; * Capacitance Mat WIM;
* Inductive loop; * Video image processor;
e Piezoelectric cable; e Microwave radar;

*  Magnetic sensor; * Laser radar;

* Bending Plate Weigh-in-Motion (WIM); * Passive infrared,

e Piezoelectric WIM,; e Ultrasonic; and

* Load Cell WIM; * Passive acoustic array.

Inductive loop detectors continue to be widely used to monitor traffic flow and control signals
because of their relatively low cost, maturity, aesthetics, and policy issues. Some of the
overhead technologies, such as video image processing and multizone microwave and infrared
sensors, can replace several inductive loops. In these applications, the higher cost of the
aboveground technologies can offset the costs associated with installing and maintaining multiple
inductive loops. The mounting location is critical to the selection and proper operation of a
traffic sensor. Experience by state DOTs has indicated that suitable mounting locations must be
available with the proper elevation and proximity to the roadway in order for above-the-road
sensors to function properly. Sensors selected for a first time application should be field tested
under actual operating conditions that include variations in traffic flow rates, day and night

lighting, and inclement weather.
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Chapter 4 — Intrusive Technologies

Intrusive technologies are those requiring the installation of the sensor directly onto or into the
road surface. The pneumatic road tube, inductive loop, piezoelectric cable, and magnetic sensors
are discussed in the following sections in this chapter. Also discussed are the piezoelectric,

bending plate, load cell, and capacitance mat weigh-in-motion (WIM) systems.

Pneumatic Road Tube

Principles of Operation

Pneumatic road tube sensors send a burst of air pressure along a rubber tube when a vehicle s
tires pass over the tube. The pulse of air pressure closes an air switch, producing an electrical
signal that is transmitted to a counter or analysis software. The pneumatic road tube sensor is

portable, using lead-acid, gel, or other rechargeable batteries as a power source.

Applications and Uses

The road tube is installed perpendicular to the traffic flow direction and is commonly used for
short-term traffic counting, vehicle classification by axle count and spacing, planning, and
research studies. Some models gather data to calculate vehicle gaps, intersection stop delay, stop
sign delay, saturation flow rate, spot speed as a function of vehicle class, and travel time when

the counter is utilized in conjunction with a vehicle transmission sensor (JAMAR Technologies).

Advantages

Advantages of road tube sensors are quick installation for permanent and temporary recording of
data and low power usage. Road tube sensors are usually low cost and simple to maintain. Also,

the sensor manufacturers to assist with data analysis often supply software packages.
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Disadvantages

Disadvantages include inaccurate axle counting when truck and bus volumes are high, temperature
sensitivity of the air switch, and cut tubes resulting from vandalism and wear produced by truck

tires.

Installation Configuration

Figure 2 shows some of the road tube configurations utilized on single and multilane highways to
count and classify vehicles. Figure 3 displays the front panel of the TimeMark Delta I1Ib

counter to indicate the ease with which collected data are matched to the tube layout.

Figure 2. Road tube configurations for single and multilane highways.
(Photograph courtesy of Time Mark, Inc., Salem OR).
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Figure 3. Front panel display of TimeMark Delta 111B counter. (Photograph
courtesy of Time Mark, Inc., Salem OR).



MANUFACTURER AND VENDOR INFORMATION

Effective Date; March 22. 2000

Manufacturer name: International Road ~ Sales representative name(s):
Dynamics Inc. (IRD) Rod Klashinsky

Address: 702 43™ St. East, Saskatoon SK,  Address:
S7K 3T9 CANADA

Phone number: 306-653-6600 Phone number:

Fax number: 306-242-5599 Fax number:

e-mail address: info@ird.ca e-mail address: rod.klashinsky@ird.ca
URL address: www.irdinc.com URL address:

PRODUCT NAME/MODEL NUMBER: Model TCC540 Traffic counter Classifier
FIRMWARE VERSION/CHIP NO.: V2.6
SOFTWARE VERSION NO.: V4.73

GENERAL DESCRIPTION OF EQUIPMENT: Portable or permanent battery operated multi-
lane time interval recording counter & classifier that collects traffic data

SENSOR TECHNOLOGY AND CONFIGURATION: Uses road Tube, Inductive Loops,
Piezoelectric sensors, IRD Dynax '™ Sensor. Most common configuration is Loop-Piezo-Loop
configuration

SENSOR INSTALLATION: Portable (On road) Permanent (In road)

INSTALLATION TIME (Per Lane): Approximately 4-5 hours in a permanent Loop-Piezo-
Loop configureation. Approximately 15-20 minutes in a portable application.

INSTALLATION REQUIREMENTS: Sce attached Installation sheet.

MAXIMUM NUMBER OF LANES MONITORED SIMULTANEOUSLY: 8 lanes
classifying, 16 lanes counting.




PRODUCT CAPABILITIES/FUNCTIONS: Collects vehicle traffic data, including vehicle
classification, speed, volume, headway and gap.

RECOMMENDED APPLICATIONS: Traffic Planning, Traffic Profile, Safety, and Audit.
POWER REQUIREMENTS (watts/amps): AC Power for 6 volt, 12 amp rechargeable battery.
POWER OPTIONS: Dual battery units, Solar package.

CLASSIFICATION ALGORITHMS: See attached specifications.

TELEMETRY: RS232 port with baud rates from 300-19,2000.

COMPUTER REQUIREMENTS: MSDOS.

DATA OUTPUT: IBM PC, Modem, Take-Away-Memory (TAM)

DATA OUTPUT FORMATS:

SUPPORTING DATA BASE MANAGEMENT SYSTEM: Trafman™ Software

EQUIPMENT AND INSTALLATION COSTS (One-lane and four-lane): Permanent One
lane — Approx. US $ 5,000, 4 lanes Approx. US $ 9,000.

STATES CURRENTLY USING THIS EQUIPMENT:

Country/State Contact name Telephone number
USA/New Jersey
Canada/Saskatchewan
Canada/Manitoba
Canada/Ontario
Canada/Quebec
Canada/Nova Scotia
Canada/New Brunswick
Canada/Newfoundland.
Brazil

Uruguay

Venezuela

Columbia

India.




MANUFACTURER AND VENDOR INFORMATION

Effective Date: March 22. 2000

Manufacturer name: _International Road  Sales representative name(s):
Dynamics Rod Klashinsky

Address: 702 43" Street East, Saskatoon ~ Address:
SK, S7K 3T9 CANADA

Phone number: 306-653-6600 Phone number:

Fax number: 306-242-5599 Fax number:

e-mail address: info@ird.ca e-mail address: rod.klashinsky@ird.ca
URL address: www.irdinc.com URL address:

PRODUCT NAME/MODEL NUMBER: Model AS4XX DynaxaTreadle Systems
FIRMWARE VERSION/CHIP NO.: Not applicable

SOFTWARE VERSION NO.: NA

GENERAL DESCRIPTION OF EQUIPMENT: Speed independent axle sensing systems.

SENSOR TECHNOLOGY AND CONFIGURATION: Pressure sensitive activation. Set in
frame, using 1,2,3 or four sensors

SENSOR INSTALLATION: Frame and Treadle system are permanent, sensor installation or
replacement, less than 20 minutes.

INSTALLATION TIME (Per Lane): 4-5 hours for Frame and Treadle systems; 20 minutes for
Sensors.

INSTALLATION REQUIREMENTS: Contact IRD for information.

MAXIMUM NUMBER OF LANES MONITORED SIMULTANEOUSLY: One treadle per
lane (from stop and go traffic to 100 miles per hour).




PRODUCT CAPABILITIES/FUNCTIONS: Classification of vehicles by number of axles
detected.

RECOMMENDED APPLICATIONS: Toll plaza

POWER REQUIREMENTS (watts/amps): 12 volts DC (+/-5%)

POWER OPTIONS: With voltage regulator between 15 VDC to 28 VDC
CLASSIFICATION ALGORITHMS: NA (axle sensor output activation only)
TELEMETRY: NA

COMPUTER REQUIREMENTS:

DATA OUTPUT: B-420-4-A Dynax« Interface Circuit Board outputs sensor activation only.
DATA OUTPUT FORMATS:

SUPPORTING DATA BASE MANAGEMENT SYSTEM: Customers own data base
EQUIPMENT AND INSTALLATION COSTS (One-lane and four-lane): Installation &
equipment costs for 1 sensor 8 ft. systems US § 6,500. For 4 sensors 10 foot system — US$

8,500.00

STATES CURRENTLY USING THIS EQUIPMENT:

Country/State

USA/California USA/Texas
USA/Colorado USA/Virginia
USA/Delaware Canada/Nova Scotia
USA/Florida Canada/New Brunswick
USA/Maine Brazil

USA/Michigan Columbia

USA/New York Uruguay

USA/New Jersey India.

USA/Oklahoma



MANUFACTURER AND VENDOR INFORMATION

Effective Date; March 1. 2000

Manufacturer name:

Traffic Monitoring Technologies

Sales representative name(s):
Donald Dixon

Address:

6510 Chantillv Drive, 1% Floor

Sykesville, Maryland 21784-8100

Address:

6510 Chantilly Drive, 1% Floor

Sykesville, Maryland 21784-8100

Phone number: (410) 549-8779

Fax number: (410) 549-5113

e-mail address: tmt@erols.com

URL address: trafficmonitoring.com

Phone number: (410) 549-8779

Fax number: (410) 549-5113

e-mail address: tmt@erols.com

URL address: trafficmonitoring.com

PRODUCT NAME/MODEL NUMBER: The Blocker

FIRMWARE VERSION/CHIP NO.:

SOFTWARE VERSION NO.:

GENERAL DESCRIPTION OF EQUIPMENT: A cover and protector for low-profile or mini
road tube and the lead-in cable for electronic sensors. It incorporates a tough and durable
polymer that is flexible enough to contour the road yet strong enough to prevent vehicles from
compressing it. Used to get multi-lane volume/speed/class counts and WIM data from interior
lanes.

SENSOR TECHNOLOGY AND CONFIGURATION:

SENSOR INSTALLATION: The Blocker is placed over the road tube leading cable and taped
to the road to prevent movement.

INSTALLATION TIME (Per Lane): 2-5 minutes

INSTALLATION REQUIREMENTS: Road tape, dry conditions



MAXIMUM NUMBER OF LANES MONITORED SIMULTANEOUSLY: The Blocker
comes in 6 feet lengths, can be placed end-to-end to cover unlimited number of lanes.

PRODUCT CAPABILITIES/FUNCTIONS: Prevents vehicles from predicting in road tube
and protects lead-in cables of electronic sensors so counts and WIM data can be collected from
interior lanes.

RECOMMENDED APPLICATIONS: Where multiple lanes of data are needed and the road
tube or sensor must cross lanes with vehicular traffic. Also used to block out turn lanes for
intersection studies.

POWER REQUIREMENTS (watts/amps): None

POWER OPTIONS: None

CLASSIFICATION ALGORITHMS: N/A

TELEMETRY: N/A

COMPUTER REQUIREMENTS: N/A

DATA OUTPUT: N/A

DATA OUTPUT FORMATS: N/A

SUPPORTING DATA BASE MANAGEMENT SYSTEM: N/A

EQUIPMENT AND INSTALLATION COSTS (One-lane and four-lane): $138 per lane,
the Blocker is portable and can be used again and again over several applications

STATES CURRENTLY USING THIS EQUIPMENT:

Country/State Contact name Telephone number
USA/PETCORP (Maryland) John Reed (410) 381-1995
USA/STS (Florida) Mark Knowles (800) 786-3374
USA/The Traffic Group Anthony Zuckert (410) 931-6600

USA/Traffic Data Services Ryan (800) 837-2562



MANUFACTURER AND VENDOR INFORMATION

Effective Date: 2/22/2000

Manufacturer name: Sales representative name(s):
TimeMark Inc. Mike Bonser, Kerry Penn, Tim Miner
Address:— P.Q_BRox 12947 Address: Address:

Salem, OR 97309-0947

Phone number:  (503) 363-2012 Phone number:
Fax number: (503) 363-1716 Fax number:
e-mail address: sales@timemarkinc.com e-mail address:
URL address: URL address:

PRODUCT NAME/MODEL NUMBER: Delta 111B & Delta 111L

FIRMWARE VERSION/CHIP NO.: 1.02

SOFTWARE VERSION NO.: 3.2.7

GENERAL DESCRIPTION OF EQUIPMENT: 4 tube counter, classifier

SENSOR TECHNOLOGY AND CONFIGURATION: Road tube

SENSOR INSTALLATION: Road tube hardware

INSTALLATION TIME (Per Lane): 5 min.

INSTALLATION REQUIREMENTS:

MAXIMUM NUMBER OF LANES MONITORED SIMULTANEOUSLY: Four
PRODUCT CAPABILITIES/FUNCTIONS: Bi-directional volume, speed, axle classification,

gap — all with one setting of counter under 5,000 ADT — volume counts on 4 lanes of traffic
simultaneously




RECOMMENDED APPLICATIONS: 2 lane — same way or bi-directional 5,000 A.D.T. and
above. 4 lane roadways for volume

POWER REQUIREMENTS (watts/amps):

POWER OPTIONS: 60 day rechargable gel cell battery

CLASSIFICATION ALGORITHMS:

TELEMETRY: Ifneeded

COMPUTER REQUIREMENTS: 486 or better — Win 95, 98, NT

DATA OUTPUT:

DATA OUTPUT FORMATS: Comma delimited, strecter, TAS plus, GK and others as needed
SUPPORTING DATA BASE MANAGEMENT SYSTEM:

EQUIPMENT AND INSTALLATION COSTS (One-lane and four-lane): $1,950.00

STATES CURRENTLY USING THIS EQUIPMENT:

Country/State Contact name Telephone number

CONTACT TIMEMARK INC. FOR CURRENT LIST OF REFERENCES.



MANUFACTURER AND VENDOR INFORMATION

Effective Date: 2/22/2000

Manufacturer name: Sales representative name(s):
TimeMark Inc. Mike Bonser, Kerry Penn, Tim Miner
Address:  P.O. Box 12947 Address: _same

Salem, OR 97309-0947

Phone number:  (503) 363-2012 Phone number:
Fax number: (503) 363-1716 Fax number:
e-mail address: sales@timemarkinc.com e-mail address:
URL address: URL address:

PRODUCT NAME/MODEL NUMBER: Gamma

FIRMWARE VERSION/CHIP NO.: 1.02

SOFTWARE VERSION NO.: 3.2.7

GENERAL DESCRIPTION OF EQUIPMENT: Two tube counter/classifier
SENSOR TECHNOLOGY AND CONFIGURATION: Road tube

SENSOR INSTALLATION: Road tube hardware

INSTALLATION TIME (Per Lane): 5 minutes

INSTALLATION REQUIREMENTS:

MAXIMUM NUMBER OF LANES MONITORED SIMULTANEOUSLY: Two

PRODUCT CAPABILITIES/FUNCTIONS: Bi - Directional volume, speed, axle classification,
gap — all with one setting of counter under 5,000 ADT

RECOMMENDED APPLICATIONS: 2 lane — same way or bi-directional roadways




POWER REQUIREMENTS (watts/amps):

POWER OPTIONS: 90 day rechargeable gel cell battery

CLASSIFICATION ALGORITHMS:

TELEMETRY:

COMPUTER REQUIREMENTS: 486 or better — Win 95, 98, NT

DATA OUTPUT:

DATA OUTPUT FORMATS: Comma delimited, strecter, TAS plus, GK and others as needed
SUPPORTING DATA BASE MANAGEMENT SYSTEM:

EQUIPMENT AND INSTALLATION COSTS (One-lane and four-lane): $1,650.00
STATES CURRENTLY USING THIS EQUIPMENT:

Country/State Contact name Telephone number

CONTACT TIMEMARK INC. FOR CURRENT LIST OF REFERENCES.



MANUFACTURER AND VENDOR INFORMATION

Effective Date: 2/22/2000

Manufacturer name: Sales representative name(s):
TimeMark Inc. Mike Bonser, Kerry Penn, Tim Miner
Address:  P.O. Box 12947 Address: _same

Salem, OR 97309-0947

Phone number:  (503) 363-2012 Phone number:
Fax number: (503) 363-1716 Fax number:
e-mail address: sales@timemarkinc.com e-mail address:
URL address: URL address:

PRODUCT NAME/MODEL NUMBER: Beta

FIRMWARE VERSION/CHIP NO.: 1.02

SOFTWARE VERSION NO.: 3.2.7

GENERAL DESCRIPTION OF EQUIPMENT: Traffic counter volume only road tube
SENSOR TECHNOLOGY AND CONFIGURATION: Road tube

SENSOR INSTALLATION: Road tube hardware

INSTALLATION TIME (Per Lane): 5 minutes

INSTALLATION REQUIREMENTS:

MAXIMUM NUMBER OF LANES MONITORED SIMULTANEOUSLY: Two
PRODUCT CAPABILITIES/FUNCTIONS: Bi - Directional volume count

RECOMMENDED APPLICATIONS: Roadway




POWER REQUIREMENTS (watts/amps):

POWER OPTIONS: Rechargeable GSL cell battery

CLASSIFICATION ALGORITHMS:

TELEMETRY: If needed

COMPUTER REQUIREMENTS:

DATA OUTPUT:

DATA OUTPUT FORMATS: Comma delimited, strecter, TAS plus, GK and others as needed
SUPPORTING DATA BASE MANAGEMENT SYSTEM:

EQUIPMENT AND INSTALLATION COSTS (One-lane and four-lane): $1,550.00
STATES CURRENTLY USING THIS EQUIPMENT:

Country/State Contact name Telephone number

CONTACT TIMEMARK INC. FOR CURRENT LIST OF REFERENCES.



Inductive Loop Detectors

The inductive loop detector (ILD) is the most common sensor used in traffic management
applications. Its size and shape vary, including the 5-ft by 5-ft or 6-ft by 6-ft square loops, 6-ft
diameter round loops, and rectangular configurations having a 6-ft width and variable length
(Gordon, et. al., 1996). Figure 4 shows the principal components of an inductive loop detector:
one or more turns of insulated wire buried in a shallow saw-cut in the roadway, a lead-in cable
that runs from a roadside pull box to the controller cabinet, and an electronics unit located in the

controller cabinet.

Principles of Operation

The wire loop is excited with signals whose frequencies range from 10 KHz to 50 KHz and
functions as an inductive element in conjunction with the electronics unit. When a vehicle stops
on or passes over the loop, the inductance of the loop is decreased. The decreased inductance
increases the oscillation frequency and causes the electronics unit to send a pulse to the

controller, indicating the presence or passage of a vehicle.

Applications and Uses

The data supplied by conventional inductive loop detectors are vehicle passage, presence, count,
and occupancy. Although loops cannot directly measure speed, speed can be determined using a
two-loop speed trap or a single loop detector and an algorithm whose inputs are loop length,
average vehicle length, time over the detector, and number of vehicles counted. Vehicle
classification is supported by newer versions of the inductive loop containing electronics units
that excite the wire loop at the higher frequencies that identify specific metal portions on the

vehicle.
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Advantages

The operation of inductive loop sensors is well understood and their application for providing
basic traffic parameters (volume, presence, occupancy, speed, headway, and gap) represents a
mature technology. As was the case with the pneumatic road tube, the equipment cost of
inductive loop sensors is low when compared to non-intrusive sensor technologies. Another
advantage of inductive loop sensors is their ability to satisfy a large variety of applications due to

their flexible design.

Disadvantages

The drawbacks to the use of inductive loop sensors include disruption of traffic for installation
and repair and failures associated with installations in poor r