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The objective of the study was to determine if a system is currently available, or could be
developed, that could warn motorists about the presence of preferential icing and/or the presence of
an incident on the roadway ahead. Such a system, if available, would be intended for application on
the westbound 1-696 to southbound I-275 ramp. In particular, the bridge deck over1-96, a part of
the ramp, was the spc01ﬁc suc for apphcatlon _

This rcpon dctmls the rcscarch and ﬁndmgs related to the investigation of a’ roadway warning
system. We conclude that in general and in regard to the specific bndgc deck that is the subject
location of this study, therc 18 currcntly no operational roadway wammg system avallable for
advance wammg to motonsts of 1cy road condmons or crashes ' :

dwc tern C nsultmg, Inc '

| _rg ?.
AL

19 '

Karl L. Kleitsch, P.E
Project Manager

RASAIOHDATASI04 024



2. Introduction

The [-275/1-696/1-96 interchange consists of grade-separated roadways with multiple access
ramp connections. As part of their effort to improve motorist safety along these routes, the
Michigan Department of Transportation (MDOT) has contracted with Midwestern Consulting, -
Inc. and the Environmental Research Institute of Michigan (ERIM) to evaluate the reliability and
effectiveness of ice prediction, detection, and warning systems. Both domestic and interpational -
efforts in this area were taken into consideration. Most of the information used:in this study has
been collected from reports published by state and federal transportation agencies, both domestic
and foreign, through questionnaires, and vendor literature.

- A significant amount of effort has already gone into the evaluation and testing of "ice detection”
and related weather information systems, both on the state and federal levels. Dating back to the
early 70's, various elements of these systems have been studied to determine their reliability and -
usefulness for improving maintenance response time, decreasing the amount of chemical nsage, - -
and in general decreasing accident rates and travel times due to inclement weather, :Most of the
research to date, however, has been directed toward improving roadway maintenance functions
with the anticipation that an improvement in safety would result as a natural by product.

For this report, the results of these previous studies and evaluations were reviewed and queries
were made to determine if new data, specifically related to the problem of preferential icing, has
come available in the interim. The search for information extended beyond the U.S. to -
international transportation agencies and consortiums. '

DISCLAIMER: Vendor and product names are used when the mformauon 1s ]udged to bc useful
to the reader, but should not be taken as an endorsement of any kmd -

" 2.1. Problem Statement

The crash history for the westbound [-696 to southbound 1-275 ramp bridge has been compiled

by the Michigan Department of Transportation and the data indicated evidence of crashes,
especially.crashes involving multiple. cars during winter month penods Addltlona]ly, the
Department has been involved in eight lmgatlon cases. Consequcntly, the Transportatlon _
Department has authorized this study to determine whcthcr a roadway warning system could
realistically be 1mpiemcntcd to improve safety at this location. Specifically, the Department
asked whether a "realistic, practical, reliable” system could be installed "to improve warning for
motorists using the high level structure of prcfcrentlal icing and/or congestion or accidents on the
bridge."




There is a need for this study since the type of system being requested is not common among the
type of roadway traffic control devices that have been operated and studied sufficiently to elevate
their use to a common standard of practice. The publication that defines the standard of practice
for traffic control devices is the Michigan Manual of Uniform Traffic Control Devices
(MMUTCD) as published by the Department of Transportation and the Departmeént of State
Police. This manual is based on the National Manual of Uniform Traffic Control Devices and is
authorized in Michigan by the Michigan Vehicle Code (Act 300, P.A. 1949). The intent of the
manual is to prov1de gu1dance for road agencies to achieve desired uniformity in the application
of trafﬁc control devices. The advantagcs of traffic control device uniformity were recognized as
Eong ago as the 1920s. Benefits of traffic control device uniformity increases safety by providing
the road user with rcqmred information for vehicle guidance or control at the right time and place
and in the proper manner. While the advantages of umfomuty far outweigh the disadvantages,
there may be some unwantcd effects when complctc ‘uniformity is maintained. ‘One dlsadvantagc :
is that strict umformlty may result in the failure to adopt an improved, new device or procedure
smply because itis not in common use. This is recognized in the MMUTCD which indicates
that s warmng signs other than those spemﬁed may ‘be needed under special conditions (section 2c-
1). Indeed, the "Bndge May Be Icy" (W8-6a) signs in place at the subject bridge deck is notin
the manual ‘but is authorized for use based on an MDOT Traffic and Safety Division Note. In an
Oukland County ClI‘CUIt Court ruhng (casc numbcr 89-378840 NI), that court's 0p1n10n was that
this sign is "just not sufflcmnt It may be, therefore, that the only way to provide a sufflclent '
message, at least in the opinion of that court, to inform approaching drivers of a condition or -
situation on the subject ramp bridge would be through the use of a variable message sign (VMS).
The 1994 manual recognizes that roadway systems that involve variable message signs are
"gaining widespread use"; however, the manual is silent in regards to-the variable-condition -
recognition and real-time warning uses for this type of system. Furthermore, the manual
recoghizes the developmental nature status of roadway information systems by stating in section
2a-4 that "Highway and Transportation organizations are encouraged to develop and experiment -
with variable message signs and to carefully evaluate installations where used so that specific
manual standards may be incorporated in the future."

The fact that there are no standards of practice currently in place for roadway information and
warning of the type requested for this study location does not mean our research is complete and
that there is no roadway warning system that can be 1dcnt1ficd and recommended for *
implementation. What it does mean, however, is that we must determine if a system capablc of
providing the type of warning requested by MDOT for this location can be found which meets
reasonable performance criteria for traffic control devices and systems of devices that will be
necessary for such an installation. We believe and recommend that the foundation for the
requirements and performance criteria must parallel those established in the MMUTCD.
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The principal requirement discussed in the MMUTCD is effectiveness. This manual states that
there are five basic performance requirements necessary for a traffic control device to be.
effective (this would also include traffic control systems):

~ Fulfillaneed
- Command attention
Convey a clear, simple meanmg
.. Command respect of road users . -
Give adequate time for proper response

AP WP

The main difficulty for the system that we are investigating is in relation to the type of warning
required for this location. We must determine if a roadway warning system can be implemented
that has as a primary goal the warning of motorists about a current event; i.e., an incident on the
bridge and/or the presence of ice rather than of a static condition as is the case with the devices
and systems of devices currently listed in the MMUTCD. In other words, whcn you. look at thc
warning sign section of the manual you see signs that warn about curves, wmdmg roads, B
intersections, stop ahead conditions, lane ends, etc. ’I‘hesc are all non-changeable, static roadway
conditions present twenty-four hours a day; -day in, day out. Conversely, the roadway warning
system that is the subject of this study will be required to warn about variable conditions, which
requires sensing (surveillance) to determine if a particular condition exists, some sort of analysis
(identification) to send a proper message (notification), and all of this in a. t1mcly fashion to allow
adequate response (by drivers and/or others). . Additionally, we would add one more pcrformance _
criteria that we believe is inherent in the manual philosophy. This sixth pexformance criteria
would be enhancing driver safety as determined by a measurable reduction of vehicle crash '
incidents in terms of frequency and severity.

Building upon the manual principles as described above we have 'prepafed the following .
performance based "Roadway Warning System" description that will form the blueprint that a.
system must be judged against to be considered implementable. '

A "Roadway Warning System" is a system that provides advance notice to motorists and
appropriate public service agencies. It is a system that has demonstrated, through operational .
study, that it is effective. To be effective, it is a system that has demonstrated through verifiable
operational data records its ability to address the following critical performance requirements:

1. The system design identifies sign placement and location rcquiremcnts in relation to the
survcillance area (commands attention). -

2. The system prOVldcs a message that rcsults in dnvcr operation mochflcatlon (convey a clcar
simple meanmg) SR :




3. The system is reliable (commands respect of road users).

4. The system. prov1des a real time warnmg to motorists (gives adequate time for: proper
response).- e R : ST :

5. The system provides notice to the appropriate public service agency for appropnate actions
(road maintenance or on-the-scene assistance to traffic problem), . :

6. The system enhances motorist safety.

Another independent criteria that we will be assessing, if the study concludes that there is an
implementable system, is the practicality or feasibility of placing the system into service. The -
definition of this term usually carries with it a cost-benefit type of description. . Cost-benefit
analysis will certainly vary from installation to installation depending on the severity of the.
traffic problems at each location. However, for the purposes of this report, that feasibilityis.... -
restricted to this study location only. Feasibility would then be determined in regard to lifecycle
system operation timelines and the associated benefits from the operation of the system over this -
period of time (system lifecycle). The benefits will primarily be derived from the reduction of ..
crash incidents and identifiable related cost savings (maintenance cost, enforcement activities, - .
medical, litigation, etc.). '

Two other descriptors that will be important in regard to identifying an implementable system are -
“reliable"-and "effective." Both these words appear in the above "Road Warning System" .
description. Again, we believe the proper definitions of these words, for the purpose of this
report, are founded in the MMUTCD philosophy. While the word "reliable” is not directly used
in the manual, it is apparent that a system would have to be reliable in order to satisfy the . ...
manuals performance requirement of "Command respect of road users.” In order to command
respect from the road users, the system would have to be reliable from the operational aspect and
the road user must be confident the system will convey an accurate message, otherwise they ..
would soon ignore the system. Consequently, the following definition for "reliable” is required
to adequately describe a system consistent with the MMUTCD

o Rehahle lemg the same accurate results after repeated tnals and bemg operatlonally durable_
(apphes to both components and systems) : Y T R S

Effective has been directly discussed in the manual and in the paragraphs above. The folloWing |
definition summarizes the discussion in the manual and above regarding "effective”:

© Effective - When used in relation to a roadway wamning system describes a system that meets
all the performance requirements as described in the MMUTCD (1a-2 Requirements of Traffic
Control Devices) and produces a measurable reduction in the rate of crashes in the area
serviced by the system.




Other terms used frequently in this report are defined below:

© Area Detector - a sensor that measures a physical parameter over:a large field-of-view; for
example, a radiometer that overlooks a roadway and senses surface temperature over two lanes
for 40 feet down the roadway.

© Current State of Practice - technology and/or equipment that is being effectively utilized in
operational settings.

© Frost - a covering of minute ice crystals on a cold surface.

© Glaze Ice - ice that forms at temperatures near freezing. The freezing process is more gradual
and water fills most-existing air spaces. The resulting ice formation is generally clear and
smooth, but sometimes contains air pockets.- When this type of ice is transparent and free of air
pockets 1t is often referred to as clear or black ice [Rosemount Aerospace] : o

© "Ice fD_ete'cﬁ_o'n" - 'when enClosed in quOta’tion marks, refers to ice predicti()n,: detection and -
warning- systems in general. When not enclosed in quotation marks, refers specifically to
components or systems intended for detecting ice on a roadway, but not predlctmn or warnmg
components, '

© Point Detector - a sensor that measures a physical parameter only over a small area; for
example, an in-pavement ice detector measures the surtace condltxons only over the detector
element (usually a 6 1neh d1ameter, or less) ' - e

o Preferential Icmg a natural condition which results in 1ce fonmng on the bndge deck before
or w1th0ut ice on the approach or depa.rtmg roadway : ' SRR

o Roadway Agency pubhc agenmes (state eounty, mummpahty) w1th Junsdlcuon over
roadways. :

© Road Weather Information System (RWIS) - systems that may incorporate surface condttlon
(pavement) sensors, meteorological sensors, roadway temperature profiles, site-specific -
forecasts, remote processing/communications units, and a central processing/display unit, or a
combination of the above, to momtor and communicate weather/road condmons toa de01s1on-
makmg umt




Based on the foundation principals established in the MMUTCD as described in the above
sections, this study will determine whether or not there exists an implementable "Roadway
Warning System” for the study location and recommend a course of action as part of a Phase 1
study report. The Phasc 2 study and rcport w111 then outlme one of two possxb}e courses of
actlon £ : : S

1. The Phase 2 report wonld dcvciop mlplementatlon alternatlves and a cost- bcncﬁt
analysw or, H : :

2, Thc Phase 2 report would provide recommendations for future action. This assumes
the Phase I report concludes that no system is implementable.

2.2, Background

The problems presented by ice on the roadway are well known by motorists in most, if not all,
of the continental United States and Canada. As most motorists are also aware by the prevalent
utilization of warning signs, ice formation on brldgcs can occur faster than on roadways. The
problem, understandably, is compounded on bridges, where there is generally the least amount
of shoulder or median space for vehicles to maneuver in case of an madent Under thesc B
circumstances, it is not surprising that multlplc-car colhsmns are more llkcly to occur on or near
elevated stretches of roadway that are ice covered. Scctlon 4 of this teport contains a crash -
history analys1s of the 1.4 mile long westbound 1-696 to southbound [-275 ramp connection

Castle Rock Consultants reported that between 25% - 35% of all interurban crashes occur
during adverse weather conditions and the risk of crashes increases by a factor of bctwccn 2 and
5 compared to fair weather conditions (ref DTFH61-92-C- 00012 and Pauwelussen, J.P., '
"Conditions of Road and Weather Monitoring, DRIVE Project V1058, Executive Summary."
TNO Road- Veh1cles Research Institute, The Netherlands, October 1991). Advcrsc weather
includes ice, snow, rain, fog and wind, as well ‘as combinations of these events. The effect on’
motorists can be described in terms of rcduccd surface frlctlon rcduced VlSlbﬂlty, rcduced
stab1hty or combmatmns thcrcof B} o

The pavement conditions that determine whether or not surface friction will be reduced during -
adverse weather conditions are typically characterized as follows:

o dry

© wet (above 0°C)

© wet (not frozen but at or below 0°C)
© snow/ice (at or below 0°C)

o dew

o frost




Ice prediction, detection and warning can be addressed at two different levels. The component
level and the system level. In this report, a component refers to a specific type of sensor (or
sensors), such as an in-pavement ice detector(s), while a system refers to a combination of two -
or more dlffcrcnt componcnts 1ntcgrated togcthcr for a common purpose. -

There isa mgmﬁca.nt dlStlIlCthl‘l, be51des the obvmus when trying to dctermmc the rel1ab1l1ty
and effectiveness of components and systems, that are made up of muliiple components,
Several reports exist that describe the reliability of components and systems and how well they
perform in terms of maintenance functions, but very few have been found that quantlfy the
effectiveness of the systems with regards to reducing crash rates.

This study encompasses the followmg aspccts of "ice detection”:
© detection and prcdlctlon of ice on roadways

© methods for determining traffic characteristics resulting from ice conditions or other
traffic impeding causes

o ni_ethods of warnir_ig motorists prior to or during ice events.

Sevcral vendors sell weathcr 1nformat10n systems (rcfcrrcd to as s Road Weather Informatlon
Systems - RWIS) that mcorporatc roadway surface condition sensors, atmosphcnc Sensors,
remote processing units and a central processing unit, or a combination thereof, Such systems
can be considered as a componcnt although often stand alone, in a higher level roadway
warmng system.

The I-96 I 696 and I 275 mtcrchange was constmctcd in 1976 The wcstbound I- 696 to -
southbound I-275 ramp includes a two lane 50 foot high bridge.. Critical to the determination  of
whether there i is an nnplcmentable roadway warning system to warn motorists regarding -
incidents (vehicle and/or ice detection and warning) is understanding the, physical parameters .
associated with the bridge and approach ramp. Pertinent brldge and roadway parameters were
provided by MDOT and are as follows : . - - -




Bridge Roadway Parameters

_-i)egrée. t)f Curvé : e 2° - 45'
Length of Bridge I 2
Superelevation Rate :. - - o 120.06 fffoot
[ Width of Clear Roadway 40 ft
LaneW1dth IR 2@ léft
Inside Shoulder Width | 6
Outside Shoulder Width 10 ft
| || Demgn Specd v | 65mph
|| Averagc Daﬂy Trafflc o . . ﬂf) :
ii

There have been eight litigation cases as a result of the crashes that have occurred at this .
location. The latest case involved icing on the bridge deck and resulted with awards to three

plaintiffs.

MDOT has in recent years made several operational and geometric modifications to the
structure and ramp as follows:

A. Removed the a.lummum railing attachcd to the top of the brldge parapct to improve 31ght
distance.

B. Roughened the pavement texture of the bridge deck.

C. Installed two advisory "limited sight distance” signs on the brldge dpproach ramp with a.
45 mph supplcmental adv1s0ry spccd plate e i -

D Installed ﬂashmg strobcs on thc two cXIStmg adv1sory "Bndgc May Bc Icy 31gns locatcd_ _
on the bndgc approach ramp e e : _ BRI

E. Installed a bridge deck ice detcctlon system con31stmg Of roadway and env1r0nmcntal
sensors together with local computer hardware to transmit deck conditions to the
maintenance control center. The electronic system, manufactured by Surface Systems
Inc., reports pavement temperatures. :
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The flashing lights were not installed prior to the occurance of the latest crash incident. They
were installed because the latest court dcc:1s10n (case no.89-378840 NI ) concluded that a large
flashing sign may have been of some use in proh1b1tmg similar crashes. However, most of the
othcr changcs were apparcntly not con31dercd by that court to be effective.

3. Michigan DOT's Practlc_es Related To Roadway Warning Systems . -

Michigan has been one of the forerunners in evaluating roadway surface and atmospheric sensor
systems, now generally referred to as Road Weather Information Systems (RWIS).  Over the
past decade, systems produced by two different vendors were instalied and evaluated. The
results of these evaluations are described in Section 5.1.6, Effectiveness of Ice Detection = -
Systems.

The following sections describe MDOT's historical and current practices regarding ice
prediction and detection, traffic survcﬂlance and motorist warning systems. The planned
expansion of the Michigan Transportatlon Center (MTC) infrastructure is also described.

3.1 Current Practices

The following traffic control dev1ccs are currently bemg uscd on thc wcstbound I—696 to
southbound £-275 ramp: ' :

© Flashing yellow warning lights
© "Bridge May Be Icy" signs
o "Limited Sight Distance" signs with advisory speed plate -

Two SCAN systems, including in-pavement ice detectors, are currently in operation at the site in
question. They are used by Oakland County to aid in planning winter maintenance operations.

3.2 Planned Expansion

The Michigan Dcparl:ment of Transportation is actlvely involved in an Intclhgcnt Transportation
System (ITS) program. This project know as the Southeastern Michigan ITS - ATMS/ATIS
Development Program will cover 180.5 miles of major roads, including the [-696/I-275 area. In
particular, for the westbound I-696 to southbound I-275 ramp, TTS will provide four Closed
Circut Televisions (CCTV) to visually cover all directions in the interchange area. Further,
CCTYV Number One will basically be over the bridge deck that is the subject of this study.
MDOT also intends to utilize HAR Radio at this interchange. Motorists will be informed of the
presence of HAR by a sign on westbound I-696 approximately one and one-half miles upstream
of the ramp. Finally, loop detectors will be installed in the 1ntcrchangc to dctect variations in
traffic flows.
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4. Crash Histot'y__

The computenzod crash records for the ramp from westbound 1-696 to southbound 1-275 for the
ten year period between 1982 and 1991 were obtained from the Michigan Department of ‘
Transportation and examined for patterns of occurrence.

In all, 131 crashes were recorded on tho'ramp in the ten year period. A crash being defined as a
single record in the data base, including single-vehicle and multi-vehicle crashes. The number
of crashes by type over the ten-year porlod is shown in Table 4.1. of these crashes, 55 percent
were single-vehicle crashes and 45 percent involved two or more vehicles. The number of
vehicles involved in the multi-vehicle crashes was not avallablc from the computerized records, .
but other documents (rcf 1) report _that on one occasion over 30 vchlcles were involved in ono
crash and crashes rnvolvmg 18 12, and 11 vchtcles havc also occurred rn thlS t1mc pcnod

Table 4 2 shows thc sovcnty of crashcs typc Ovcraﬂ 72 percent of the crashes involved
property damage only, 27 pcrcont involved injuries, and one percent involved a fatality.
Multi-vehicle crashes were more likely to involve an injury than single-vehicle crashcs Injury
or fatal crashes accounted for 34 percent of multi-vehicle crashes and 22 percent of '
single-vehicle crashes.

Table 4.3 shows the distribution of the crashes by month and surface condition. Tt can be seen
that the majority of the crashes occurred between Novomber and Aprll and that most of thcsc
crashes occurred in icy surface condmons In all, 68 porccnt of the crashes occurred on an icy
surface, 24 percent on a dry surface and eight percent on a wet surface. Table 4.4 shows the )
surface conditions by crash type. The proportions of crashes by surface condlttons are similar

for both single-vehicle and multi-vehicle crashes. -

Further examination of the dates of the crashes showed that during the ten-year period there
were 18 days on which two or more separate crashes cccurred somewhere on the ramp. Table
4.5 shows the frequonoy of occurrence of such days by month Days with two or more crashes
were more hkoly to occur. in November and Dcccmbor than in any other month A chcck of thc
crash rccords rndlcates that the surfacc condtttons ‘were icy on all but two of thosc days The
exceptions occurred on a day in August when the surfaco was dry and on one day in Novombcr
where the surface condition was recorded as icy for one crash and wet for another,

The occurrcncc of the crashcs by time of day and surfaco condmons is shown in Table 4.6.
Almost a fourth of all crashes occurred between 6 and 9 AM, that is, dunng the morning poak )
period. And nearly 40 pcrcont of the crashcs occurrcd in the evening between 6 PM and o
midnight, More than 70 percent of the crashcs that occurred during theso tlmo pcrtods wcro
associated with icy surface conditions.
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Fixed-object crashes were found to be the most prevalent type of single-vehicle crash as shown
in Table 4.7. Table 4.7 also shows that 22 percent of these crashes were associated with an
injury or fatality. Guardrails were the most frequently struck object, accounting for
approximately two-thirds of all the fixed-object crashes on the ramp. In three-fourths of the
fixed-object collisions, the impact area of the vehicle was the front, right front, or left front
surface. The distributions of the objects hit and area of unpact for single-vehicle crashes are
shown in Tables 4.8 and 4.9.

Table 4.10 shows that most of multi-vehicle crashes were of the rear-end straight category.
Tables 4.11 and 4.12 show the distribution of the primary and secondary impacts for the
multi-vehicle crashes. Almost half of the primary impacts were either on the front or the right
front of the veh1cle The ‘majority of the primary and secondary impacts were front and rear.

One 1mportant questlon about the patterns of crashes on the ramp is whether there isa
rélationship between the crashes and their locations on the ramp. The ramp is 1.4 miles long
with changes in grade and horizontal curvature along its length, The ramp roadway includes a
bridge deck over 1-696, another bridge deck over M-102, an on-ramp from westbound, and an
off-ramp to eastbound M-102. For this exploratron the length of the ramp was divided into
seven 0.2 mile segments The segments are shown on Figure 4.1, an aerial photograph of the
ramp. The following list gives the main features of each segment;

Segment 1: tangent, begins upgrade;

Segment 2: tangent to P.C. of 2° 45' horizontal curve, 3.2% upgrade,

Segment 3: 2° 45' horizontal curve, crest of vertical curve;

Segment 4: 2° 45' horizontal curve, includes bridge deck over I- 696

Segment 5: tangent, 3.0% downgrade, on-ramp from M-102; .

Segment 6: tangent, downgrade then level, includes bndge over M-102, off—ramp to M 102 _
and '

Segment 7: tangent, level.

It should be ncted that thc prec1se locatrons of the crashes from the crash data fﬂe are, most
likely, not all accurate. The location in the computerlzed crash record is taken from the pohce
crash report and codcd toa mﬂeage, within one hundredth ofa mﬂe, along a road segment )
called a control section. However, the locatlon in the crash ﬁle depends on the prec1sron of the
ongrnal placement of the locatron by the police for the crash report and also on the pI'CCISIOII of
the person coding the locatlon into the crash file. '

Descriptions of some of the crashes that occurred on the ramp during the ten year period were
available in the ongmal UD10 crash reports and in summary forms from court exhibits. The
location of crashes from these descriptions was compared to the location in the crash file.
Several inconsistencies in the data file were found and corrected for this analysis. However
such additional information was not available for all 131 crashes.

o
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These caveats should be noted in the interpretation of any patterns of crashes by location.
However, even with these caveats it is still worthwhile to look for indications of spatial patterns
in the data describing the crashes on the ramp. g L

Table 4.13 shows the distribution of crashes by segment. The highest concentration of crashes.
occurs on segment 6, the segment with the bridge deck over eastbound M-102 and an off-ramp
to M-102. The data records indicate that 27 percent of all the crashes occurred on this portion of
the ramp. A possible explanation for this high concentration of crashes is that there are many
weaving maneuvers associated with the off-ramp and with the on-ramp that is just before this .
segment. The next highest concentrations of crashes were on the first and last segments of the
ramp with 17 and 24 percent of the crashes respectively. A possible explanation is that these
concentrations of crashes are due to weaving maneuvers begun before the vehicle entered these
segments. An alternate explanation is that the concentrations at the beginning and end of the
ramp are a result of the coding of the location into the data file, for example, a crash somewhere
on the first part of the ramp may have been simply coded to the beginning of the ramp. It can be
noted that segment 4, which contains the bridge deck location that is the subject of this study,
had only 8 percent of all ramp crashes, an average of approximately one per year.

Table 4.15 shows the distribution of crashes by segment and by a single or multi-vehicle crash.
Table 4.16 shows the distribution of the single-vehicle crashes by segment and type. The table
again shows that most of the single-vehicle crashes involve the collision with a fixed-object.
Table 4.17 shows the distribution of the crashes by segment and severity. No clear patterns can
be identified.

Summary

The review of the crash records shows that 131 crashes occurred on the ramp between
westbound I-696 and southbound I-275 in the ten years between 1982 and 1991. Nearly 80
percent of these crashes occurred between November and April, and nearly 70 percent of the
crashes occurred on icy surfaces. November and December are more likely than other months to
have days with two or more separate crashes on the ramp. In the ten-year period between 1982
and 1991 there has been only one fatal crash on the ramp. Approximately three-fourths of the
crashes involve property damage only and almost a fourth involve an injury.

Just under half of the crashes involve two or more vehicles. Large multi-vehicle crashes
involving as many as 12, 18 and 30 vehicles have occurred in the ten-year period. Most of the
multi-vehicle crashes were of the front/rear type. Just over half of the crashes involved only one
vehicle. Collisions with guard rails are the most prevalent single-vehicle crash, with the front
(including right and left front) part of the vehicle striking the guard rail.
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Examination of crash patterns by location on the ramp is tempered by the accuracy of the
location information in the data file. The ramp was divided into seven segments 0.2 miles in -
length. Two-thirds of the crashes are recorded to have occurred in the first segment and the last -
two segments of the ramp. This could be a result of weaving maneuvers or simply a result of -
the coding accuracy. No distinct patterns between crash location and surface condmons type of
crash or seventy were suggested by thls spanal analys1s : :
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Table 4.1

Crashes by Year and Type
(WB 1-696 1o 8B I-275, 1 4 Mile Long Ramp

f0r19821991)

' 'Ye'ar '

Type

Total

1982
1983

1984

1088
1989
1990

1991

Single-Veh _Multi-Veh
3

.2_'

$18';“."

_'13 '
10
f4
3

10
10
4
23 =
.25

20

.20 -
.9
6

" Total

72

~ 45.0% _

2131
100.0%

o

Table 4.2

55.0%

Crashes by Type and Severity

{WB 1-696 to SB I-275, 1.4 Mile Long Ramp for 1982-1991)

Crash
Type

PDO

Severity

Injury -

Total

Single-Vehicle .

(%)

76.4%

e
22.2%

~ Fatal

L7172

100.0%

Multi-Vehicie | S

(%)

39

66.1%

20
33.9%

1.4%

0.0%

. 59

Total -

(%)

:i 94?Aﬂ

36

100.0%
L N
100.0% |

71.8%

27.5%

0.8%




Table 4.3
Crashes by Month and Surface Condition

16

(WB 1-696 to SB I-275, 1.4 Mile Long Ramp for 1982-1891)

Surface Month % of
Month Cwet dry ice Total Total
January 1 '3 8 12 " 9.2%
February 2 . 1 7 10 7.6%
March 0 0 11 11 8.4%
April 1 2 18 21 16.0%
May 0 2 0 2 1.5%
June 1 4 0 5 3.8%
July 1 5 0 6 4.6%
August 0 4. 0 4 - 3.1%
‘September 0 4 0 4 3.1%
October 1 3 2 - 6 - 4.6%
November 4 3 20 - o7 20.6%
December 0 0 23 23 17.6%
Total 11 31 89 131 100.0%
% 8.4% 23.7% | 67.9% 100.0%
Table 4.4
Crashes by Type and Surface Condition
(WB |-696 to SB 1-275, 1.4 Mile Long Ramp for 1982-1991)
Crash - Surface |
Type | wet | dy | ice Total
Single-Vehicle - 7oof A7} 48 L 72
(%) 9.7%. 236% | 66.7% 1|  100.0% |
Multi-Vehicle | 4 | 14 | 4 | 59
(%) 6.8% 23.7% | 69.5% | 100.0%
Total | 11| &1 | 8 | 131
(%) 8.4% 23.7% | 67.9% 100.0%




Table 4.5
Number of Days with Two or More
Crashes by Month
{WB |-696 to SB 1-275, 1.4 Mile Long Ramp for 1982-1991)
February No. of days
with two or
more
crashes
January 0
February 0
March 1
April 4
May 0
June - 0
July 0
| August 1
September 0
October 1
November 6
December 5
Total 18
Table 4.6

Crashes by Time of Day and Surface Condition

(WB 1-696 to SB |-275, 1.4 Mile Long Ramp for 1982-1991)

17

%ot |

0.8%} -

Time Period surface Total for time

Hours wet dry ice period Total { -
0000-0300 1 5 10 16 12.2%]| -
0300-0600 0 0 1 1 |
0600-0900 4 4 22 30 22.9%|
0900-1200 1 4 4 9 6.9%|
1200-1500 1 3 5 9 _6.9%|
1500-1800 2 8 5 15 11.5%]|
1800-2100 0 3 25 28 21.4%
2100-2400 2 4 17 23 17.6%

Total 11 31 89 131 100.0%
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Table 4.7

Single-Vehicle Crashes by Type and Severity
(WB 1-696 to SB |-275, 1.4 Mile Long Ramp for 1982-1991) '

Crash Severity :
Type PDO Injury Fatal Total
Fixed-object 46 12 1 -59
Overturn 4 4 -0 -8
Other object - 2 0 -0 2
Other 3 0 0 -3
Total 55 16 1 72
Table 4.8

Fixed-Object Single-Vehicle Crashes by Object Hit

(WB |-696 to SB |-275, 1.4 Mile Long Rarnp for 1982-1991)
Object Hit Number
Guardrait 40
Concrete Barrier 6
Sign - L .3
Bridge Rail © 3
On-road 2
Ditch = 2
Tree . . 1
Unknown 1
Off-road 1
59

Total =



Table 4.9

Fixed-Object Single-Vehicle Crashes by Impact

(WB 1-696 to SB 1-275, 1.4 Mile Long Ram

) for 1982-1991)

Impact Number
Front 20
Right front 9
Left front 15
Right rear 6
Left rear 5
Right side 4
Total 59
Table 4.10

Multi-Vehicle Crashes by Type B
{WB 1-696 to SB |-275, 1.4 Mile Long Ramp for 1982-1991)

Crash Type ‘Number
Rear-End Straight 55
Side Swipe Same 2
Side Swipe Opposite 1
Head-On 1
Total 59

19
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Table 4.11

Multi-Vehicle Crashes by Primary Impact
(WB 1-696 to SB 1-275, 1.4 Mile Long Ramp for 1982-1991)

Primary Impact Number
Front 17
Left front _ 9
Right front 12

L eft side 7
Right side 1
Rear ' 5
Left rear -3
Right rear 2
Other , 3
Total 59
Table 4.12

Multi-Vehicle Crashes by Secondary
Impact

(WB |-696 to SB |-275, 1.4 Mile Long Ramp for 1982-1991)
Secondary Impact | Number
Front 14
Left front 6
Right front 4
Left side [ 2
Right side 6
Rear 13
Left rear 8
Right rear 3
Other 3
Total 59




v W WL gy
RS e A
'y etV P VALY, i o

. :
]
R 7

!

NS Ba-_ . gy

s

+

\hd —j quﬁﬂ&«rﬁm‘w—.mnq- .

? M&W ® @u— ‘. '
IR
" ¥ ,

=
P

27

—
S

T

-
.

M

i N
[ X

ke
i
¥

—d T A SR LA

gl
o
=
=%

96 & I-
INTEACH
FIGURE 4.1

-
"]
[

ol w
T sty

9, N-.qm.n. rﬁ.w 4—-
ey SRR . ,
1 .\.....\h Ltk .-—lj..lu. i

il |

._...._._é\,.\_._,_ g

L

Rt i

b
W
¢ 8

| ALY O S0, 1 1,
’ . ..\..._-....ﬁq‘.hq ....fwl f2 .s .
: : o PR O dm;
,.. .. . - -.. ﬂh.] -8. e b‘.m“.‘ Hﬂu&b‘_

L, F..u ) -o.m “ vr.l.‘v

e g

T /e &Ly ¢

ql..........“ ALy -_J.



Table 4.13

Crashes by Segment i
(WB [-696 to SB |-275, 1.4 Mile Long _' :

Ramp for 1982-1991)

. Segment

Cras_hes

% of
Total

22

11

|
12
32

16.8%
- 8.4%

S e1% |
84% |

92%

26.7%"
04.4%

;Table 4 14

181 ]

1000% |

.'.'Crashes by Segment and Surface Condltton

:".'(WB I 696 to SB |-275 1 4 Mlte Long Ramp for 1982- 1991)

Surface L

S'eg'rh'e'nt-' |

i
g

ont_ o 'Wet

WL =20 ONN

1

RCES

__ Total

22
11

ST

32

__Total

11

BB [ [ RENTY RS -iﬂ".":g

el Segmenthth Br__idge_oyer__I-QB' 3

22




Table 4.15

Crashes by Segment and Type
(WB 1-696 to SB 1-275, 1.4 Mile Long Ramp for 1982-1991)

23

Single- Multi-
Segment Vehicle | Vehicle § Total
1 14 8 22
2 5 6 11
3 6 2 8 |
4% - .6 5 ). 1
ST ... 3 g 1 12
6 20 15 .- 3 |
7 18 14 32
Total 72 59 ] 131
Table 4.16 . o
Single- Vehlcle Crashes by Type o o
(WB 1-696 to SB 1-275, 1.4 Mile Long Ramp for 1982-1 991)
Fixed- Other| ... - . 1. 1
Segment Object Overtu m | Object Other Total
s g 3 — —1 e |
2 3 1 0 1 5
3 6 0 0 0. 6
4* 5 1 0 0 6
5 3 0 0 0 3
6 18 1 0 1 20
7 15 2 1 0 18
Total 59 8 2 3 L 72
Table 4.17 R
Crashes by Segment and Seventy
{WB 1-696 to 8B 1-275, 1.4 Mile Long Ramp for 1982-1991)
Severity -
Segment PDO Injury | Fatal Total
R s | 7 e =
2 8 3. 0. . 11
3 7 1 0 8
4* 5 5 1 11
5 8 4 0 12
6 29 6 0 35
7 22 10 0 32
Total 94 36 1 131

* Segment with Bridge over |-96




5. Enabling Technologies |

5.1 Ice Prediction and Detection

- Because of the nature of ice formation and the interdependence on other conditions, ice
detection systems usually take into account the pavement conditions, as well as other
atmospheric parameters (such as wind speed and direction, air temperature, relative humidity
and derived measurements). Approaches to the problem of ice detection can vary considerably.
This is evident, not so much from the standpoint of technology, but in how the technology is
applied operationally. For cxample in U.S. implementations, ice detection information is used
typically as input to maintenance crews as part of their de-icing or anti-icing strategies.
Whereas, in Europe, ice detection information has also been used, in one case, and at one
location to automatically activate thawing agent sprayers located on the roadside and, in

conjunction with other sensors, nsed to warn motorists of rcduced speed limits through vaﬂablc :

message signs; this in addition to alerting maintenance crews.: Detaﬂs on all of these
1mplcmentat10ns can be found in thc following sections. L

Whllc ice detectors certamly can be unplcmcnted w1thout takmg into account other atmosphenc
conditions, most implementations involve Road Weather Information Systems (RWIS)
integrated with ice detectors. In both the U.S. and Europe, ice detection is usually just one
element, albeit an important one, of a larger environmental monitoring system.

::5.1.1 Literature Research

Several literature searches were performed to identify reports related to ice prediction, detectlon,
and warning. A DIALOG on-line search was conducted of the INSPEC, NTIS, Ei

Compendex*Plus and Aerospace Databases. Because of the .s1mﬂan_t1cs_ between roadway and

airport applications of ice detection, sensors that have been proposed for aircraft were also
investigated for possible application to roadways. -

In addition to the on-line search, references sited in previously published reports were reviewed.

Finally, key 1nd1v1duals within state DOTSs, Federal Highway Administration, Turner-Fairbank
Highway Research Center, umvcrs1ty rescarchers and vendors were contacted to inquire about
research and reports on this toplc
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The reports and documentation obtamcd asa rcsult of the literature search were rcv1cwcd with
the following goals in mind: ' : :

o Identify what agencies (domestically and internationally) are currently domg to aid in ice
prediction, detection and warning of motorists :

o Determine what technology is available for ice prediction, detection and warning

© Determine if anyone has cxplored l:he advantagcs and dlsadvantages of warmng motorists in
real-time

© Determine how reliable and effective (quantltaUVcIy and quahtatlvc}y) thlS technology is, both
on a component and system level - '

© Determine where the technology is headed and what can be expectcd in thc next ﬁvc years .

By the mid-1970's, weather information systems (including "“ice detection". systems) became .
commercially available. In response to this new technology, FHWA and several state agencies
(including the Michigan Department of Highways and Transportation) began conducting : ;
evaluations of these systems. The results of these initial reports were generally in agrc'cmcn_t _ ;
that, while promising, several problems needed to be addressed before the technology could be

conmdercd for w1dc sca]e 1mplcmcntat10n . ' : S

in areport pubhshed in Transportanon Englneermg in 1977, C Brmkman of FHWA rcportcd
that FHW A studies had concluded that ice detector technology was not "sufficiently reliable or_
accurate to operate a motorist warning system.” [Brinkman, 1977, Mawhinney 1975]. He also
suggested that detectors that cover a wide area would eliminate some of the problems associated
with point detectors (accumulation of debris, damage caused by physical and chemical
exposure). In 1978, a microwave radiometer was evaluated, showing promise for snow and i ice
detection over large areas.. Also, in a report published in 1978, traffic and meteorological data..
were used together to provide early detection of ice on bridges. [Eldon 1978]. The 1ntcgrat10n
of ice and traffic detectors with other sources of weather mformatlon was scen as awayto o
improve the reliability and effectiveness of the system as a whole '

In the mid-1970's, a study by MB Associates suggested that sensors that measured existing road
conditions would be more useful for state DOT applications than predictive sensors, primarily
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because predictive sensors did not appear to provide sufficient reliability and accuracy at that
time. The study determined that detectors should meet the following requirements:

© The system should perform reliably with a negligible false alarm rate

© The system should distinguish distant levels of hazard detection

© The system should function in the presence of chemicals likely to be found on the
roadway

o Thc system should be compauble with all standard snow removal equipment

Accurate sensing of a condition was dcfmcd as 99 perccnt correct, but the degree of acceptable
accuracy and reliability would vary depending on the application [Castle Rock, 1995;
MacWhinney, 1975].

U.S, Post-1980

The technology evaluated in the mid-70's did show enough promise to encourage more
dcvelopmcnt in both sensors and the infrastructure necessary to communicate with remote
“processing units. Since then, point detectors and area detectors have undergone significant
improvements. Turn-key RWIS systems, with ice detection capability, became available

commerc:lally and several states bcgan implementing these systems.

Castle Rock Consultants reports that the primary difficulties with existing approaches to utilize
weather information appears to be "lack of localized, short-term weather forecasts to support the
sensor information and the lack of Compatlbﬂlty between commcrmal systems " (Castlc Rock
Consultants 1995] ' S R

Many European countries have been extremely proactive in researching, developing and
implementing the tcchnolog:cs descrlbcd in this report. Much of the work is initiated through -
collaborative efforts and consortlums that include many countries dnd a diverse group of
organizations. The major programs that drive these efforts are described in Section 5.1.4.

5.1.2 Vendor/Product Search
An initial vendor list was prepared based on references in reports, as well as information
provided by state and federal DOT staft [SHRP-H-350, 1993; CastleRock, 1995]. This list
includes domestic and international vendors. We have also included companies that have

developed ice detection products intended for aircraft or airport runways that may be applicable
to roadways. A DIALOG on-line search was performed to obtain new product announcements




27

related to ice prediction, detection and warning (DIALOG(R)File 621:PTS New
Prod.Annou.(R), (¢) 1995 Information Access Co.). Every reasonable effort was made to
identify all vendors that offer products in this area. Vendors were then contacted to obtain
information regarding the accuracy and reliability of ice detection components or systems.

Vendors 'mc_ludc: 5 '

Aanderaa Instruments, Inc.
73 Sécond Avenue, Burhngton, MA (}1803
Boschung Mecatronic -
3185 Schmitten, Switzerland A
Campbell Scientific, Inc.
815 W. 1800 N., Logan, Utah 84321-1784
Climatronics Corporation
_ 140 Wilbur Place, Bohemia, New York 11716
Raton Technology Research
"848 Clayton Road, P.O. Box 428, Raton, New Mexico 87740
Rosemount Aerospace
14300 Judicial Road, Burnsville, MN 55306-4898
Soluse Systems, Inc.
741 S.W. Lincoln St., Portland, Oregon 97201
Surface Systems, Inc.
11612 Lilburn Park Road, St. Louis, MO 63146
Vaisala
100 Commerce Way, Wobum, MA 01801-1068
Vibro-Meter Corp.
11240 Megwood Drive, Charlotte, NC 28277

5 1 3 Sensor and System Descrlptlons :

Based on the results of thc 11terature searches scveral rcports prov1ded chCI'lptIOIlS or-

evaluations of ice detection technology, incleding commercial and laboratory-grade sensors. A
comprehensive review of currently available environmental sensor systems can be found in the ‘
Castle Rock report {Castle Rock, 1995). While focusing primarily on an evaluation of visibility : ]
sensors, Castle Rock Consultants also reviewed the state of the art in pavement sensors,

The uvltimate goal of pavement sensing is to be able to predict surface friction on the roadway.
To accomplish this, several physical conditions of the roadway must be measured, including
temperature, precipitation and the amount of deicing chemicals. Sensors placed within the
pavement {in-situ point detectors) or sensors that operate remotely (area detectors) are used to
make these measurements. To aid in the prediction of pavement conditions, Road Weather -
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Information Systems (RWIS) that measure atmospheric conditions are often used in conjunction
with pavement sensors. A report by the Strategic Highway Research Program (SHRP) provides

detailed information on Road Weather Information Systcms and how thcy can be apphed to . -
support snow and ice control [SHRP-H-350, 1993]. :

Both the Castle Rock and Conditions of Road and Weather Monitoring (CROW) reports
provide a review of basic operating principles for pavement sensors, with the Castle Rock report
being the more comprehensive of the two [Castle Rock, 1995; CROW, 1995]. Pavement .. -
sensors can be classified in several different ways, such as mode of operation or active/passive.
For the purposes of this study, pavement sensors will be classified according to the area over .
which they make their measurements, i.e. the amount of roadway surface area covcrcd by the
Sensor,

. = X . . |

0 Passive Thermal (therm1stor resistance thermometer, or thcrmocouple) [Solust‘cxas
Electronics] - o

Capacitance

Conductance

Freezing Point (active heating/cooling)

o]
O
o]
0 Vibration [Rosemount Aerospace; Feely, 1994]

Remote Sensors (Area Detectors)

As described in the previous section, one of the drawbacks of in-pavement or point detectors is
the small area over which they perform their measurements. When conditions vary across a
roadway, point detectors could be misleading, unless the spatial area covered by the individual
sensor is representative of the surrounding area. To cover a larger area, more point detectors
must be used. Depending on the road surface to be monitored, this may or may not be
economically feasible. Remote (area) detectors have been proposed as a solution to this
problem since the early 1970's. - The most recent applications have taken place as part of the -
Dedicated Road Infrastructure for Vehicle Safety in Europc (DRIVE) program and are dlscusscd
in the CROW report [CROW 1995] RSN -

o Non~Contact Microwave

Microwave reflections enable the distinction of water levels up to 10mm, with reducing -
accuracy for lower frequency. -Since this sensor is not suitable for identification of icy road
conditions, a prototype sensor that combines the non-contact microwave and infrared detectors -
has been developed under the DRIVE program. : :
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¢ Non-Contact Infrared

The three road surface conditions of dry, wet and icy can be clearly'di'stinguished from the IR
reflection characteristics.

Both water levels (tested up to 2mm) and ice thickness can be clcarly dlstmgmshed from IR
reflection characteristics. C

A combmatron of non—contact mfrared and 1n—srtu conductmty sensor used to measure surface
moisture and the presence of deicing chemlcals is reportcdly operatlonal in Germany ' '

o Laser-based Black Ice Detector N

Image identification techniques are used to distinguish between dlfferent road condmons usmg a
laser rcﬂectlon from the road surface [Chen, 1991].

Many commercial products are available today for measuring' various roadway conditions. . o
These products include individual sensors as well as fully integrated Road Weather Information
Systems. Descriptions of Value-Added Meteorological Services (VAMS) are not provided here,

but can be found in the SHRP-H-350 report. The following products are described in the Castle
Rock report [Castle Rock, 1995]:

Climatronics (U.S.) - FRENSOR

Surface Systems, Inc. (U.S.) - SCAN

Vaisala (Finland) - Road Surface Sensor DRS12

AANDERAA Instruments - Road Surface Temperature Sensor{3304) and Conductlvrty Sensor
(3330) . .
Findlay Irvine (Scotland) - Road Surface Sensor

BG Engineering (Holland) - Road Condition Sensor

Rails Company (Sweden) - Road Condition Sensor

Vibrometer SA (Switzerland)

Holkkaido Development Bureau (Japan) - Dielectric Pavcment Sensor

Boschung Mecatronic (Switzerland) - GFS2000 Ice Warning System -

Schrack Systems, Inc. (Austria) - Road Condition Radar - '

RENSTAR - Road Temperature Monitoring System
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514 :Tesﬁ_ and Evaluation Progr_ams
UL.S, Programs

Two recent U.S. programs have included ice detection as part of their evaluations and have

- provided much of the background for this report. The FHWA Test and Evaluation Project 11,
"Ice Detection-and Highway Weather Information Systems Summary Report,” addresses the
usefulness, effects on highway safcty and cost-savmg aspects of ice detection and weather
information systems. The FHW A study (DTFH61-92-C-00012) by Castle Rock Consultants
assesses the functional requirements for environmental sensors and evaluates the state of-the—
in sensors and sensor systems. These reports are summarized below.

o Ice Detection and nghway Weather Informat]on Systems _
'FHWA Test and Evaluation PrOJect 11 '

This was one of the first attempts at documenting the effectiveness of ice detection and road
weather information systems, rather than just the performance of the equipment. - Eight state
agencies participated in the study and evaluated their systems during the 1989 and 1990 winter
months. Thcy were asked to document how useful thexr systcms were in helpmg to mamtam
safcty and unprove Snow and ice control cfﬁcmncy -

The followmg state agencies paru(:lpated in the project:

© District of Columbia Department of Public Works
© Idaho Transportation Department
© Kansas DOT
¢ Michigan DOT
‘o 'National Park Service, National Capital Region
© New Jersey DOT
o Virginia DOT

Michigan's DOT was one of the agencies part1c1pat1ng in thc project and thc followmg isan -
excerpt from the report on Mlchlgan S results -

"An attempt was made to relate the number- of ice related crashes to use of the system. - - -
Accident data for the two winters showed a decrease in the proportion of ice related crashes -
to total crashes during the second winter, It was speculated that perhaps resolution of the
equipment problems by the second winter increased the effectiveness of the system. Lack of
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information on the severity of the winters and on accident experience prior to using the . -
systems made it impossible to draw a conclusion on the usefulness of the system in reducing
crashes. There was consensus among the users that the pavement sensors provided useful
information which mcreased wmter malntenance efficiency and that more should be
mstalled Mo - : e SRS :

It was reported that four of the agencies involved in the study atterapted to determine the safety
benefits. Though no-quantifiable accident statistics were compiled, "there was consensus that
use of the system enhanced safety by enabling more timely treatment of icing conditions, The
consequent decrease in the number of black and glaze ice occurrences results in a concurrent
decrease in the number of ice-related crashes.” [Eng, 1993]. o

Nearly all agencies included information from their RWIS/ice detection systems in the
maintenance decision process. ‘Each agency that did this also reported a reduction in personnel,
material, and/or equipment as a result of using the information. “All agencies reported general
satisfaction with the accuracy of their systems and are either planning to expand or have
expressed a de31re to expand the systems

Some of the conclusmns stated in the report are as foliows

"Proactive use of ice detection and htghway information systems to aid in planning winter
maintenance operations can:

1. Result in reductions in personnel, material and equipment needs,

2. enable more timely treatment of icing conditions and reduce the potential for crashes by
reducing the incidence of black and glaze ice pavement surface conditions,

3. result in reductions in the amount of corroswe or env1ronmentally harmful chemicals used.
for snowl1ce control." Bl : : : :

In addmon "Ice detection and highway weather information systems for unproved hlghway
operatlons and safety are con81dered to: be proven technology :

o Envsronmental Sensor Systems for Safe Traffic Operatlons
FHWA DTFH61 92-C 0{3012

Castle Rock Consultants perfonned an m—depth review: of enwronmental Sensors, mcludmg
those used for measuring roadway surface COIldlthIlS and reported on the results of a series. of
field tests of v131b111ty SENSOrs. SRS AN G i

Those sections of the Castle Rock report relevant to Roadway Warning Systems, include a -
description of the functional requirements of environmental sensors, a state-of-the-art review of




32

atmospheric, pavement, visibility, and wind sensors; an overview of rcsearch and devolopmcnt
activities and a functxonahty asscssmcnt of sensmg technologles SR

One of the conclusions of the Castle Rock report was that 31gmf1cant ochcfits could be realized
by integrating environmental sensor systems, such as RWIS and roadway surface sensors, with
Inte]hgcnt Vehicle- nghway Systems (IVHS) Some of the recommendations are as follows

"Env1ronmcntal sensors should be dcs1gned to rcadlly commumcatc w1th other trafﬁc _

~ control and monitoring devices. This requires the adoption of open interfaces and use of
standard commumcauon protocols Compat:lblhty bctwcon manufacturers' systcms would
greatly benefit users.” g . 3 :

"Systems integration is recommended if the full benefits of environmental sensors ase to
- be achieved. Data from the sensors on pavement conditions and visibility need to be -
_combmed with gencral metcorologmal mformauon to allow short—term forecasts tobe .-

"Better use needs to be made of the information available from environmental sensor
systems and meteorological forecasts. ‘Training of system users is therefore a key -
requirement. Although beyond the scope of this study, it is recommended that a
comprehensive fraining program be developed." SR :

© Road Weather Informat]on Systems _
SHRP-H-351

The Strategic Highway Research Project (SHRP) has been investigating snow removal and ice
control policy, methods and technology and has generated several reports involving Road -
Weather Information Systems (RWIS) and sensors. One of those reports, "Road Weather
Information Systems,"” provides information on snow and ice control practices, road weather -
information currently available to agencies, data communication issues, and how to apply road
weather information systems to snow and ice control act:vmcs mcludmg mstallanon
recommendations. o : S

The RWIS technologies described above were evaluated during the 1990/91 winter by states
under Contract SHRP-87-H-207, "Storm Monitoring/Communications." A cost/benefit analysis
was performed based on the results of that evaluation. The report concluded that "the use.of - -
RWIS can be a cost-effective method to reduce costs and improve roadway snow.and ice .
control." Specific recommendations were made with regard to thc typc of technology that is
available and how, whcn and where to make use of it. . B e
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© Notes on Other Related Testing Programs

Advanced Driver and Vehicle Advisory Navigation Concept (ADVANCE), Chicago, lllinois:
"This project involves equipping private and commercial vehicles in Chicago, Olinois, with in-
vehicle route guidance systems. During this Field Operational Test involving a 300-mile square
area, an RWIS will provide weather and pavement condition information used by a control =
center to direct traffic flow to safer road surfaces" [Morris, 1994]. -

Travel Aid, Washington State: : SR - -

"The state DOT plans to nnplcment variable message and spced signs w1th an lll-VGhICIB dlsplay-
system for-a 38-mile section of Interstate 90 at Snoqualmie Pass. An RWIS will be used to
monitor the pass, known for its extreme weather conditions" [Morris, 1994].

The European Community (EC) has beén very proactive over the past twenty years by
conducting joint projects in many areas of the transportation field. In combining resources from
industry, academia, and government, the members of the EC have been able to make great
strides not only in research and development, but in the deployment of the systems and
collection of valuable field data. The major programs are described below. :

° COST

The Europcan '‘Co- Opcratmn in the Flcld of Scientific and Technical Rcsearch" (COST) prOJect
is pnmarﬂy focused on the cost-benefits of winter maintenance. These benefits include -
monetary savings from reduction of unnecessary stand-by time for staff, and a reductionin . . -
materials and equipment usage. It also refers to reducing the negative impact of winter ~ - -
maintenance on the env1ronment [CROW 1995}

One of the projects within COST, COST-30, had the Ob_]CCtIVE of improving traffic safety and
flow conditions using traffic sensors for detecting and monitoring traffic conditions and . -
communicating with motorists. One of the nine research areas within COST-30, Theme 8,'
involved the relationship between traffic and weather. The result of Theme 8 led to several new
projects, mcludmg COST 309 with the goals of investigating . h1ghway weather dctectlon '
forecasting, statistics and serv1ce strateglcs [Castlc Rock 1995] i

Regarding road weather information, the COST- 309 report states:
"The beneflts to be gamed from such systems are many fold and mclude

1. Cost savings on raw materials
2. Improved safety
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3. Less environmental pollution
4. Streamlining of maintenance strategy (this could lead to a reduction in capltal
expenditure)
5. Less stress on the roadmaster - o L
6 Archlvcd data (useful for mdcxmg and future stratcglc plannmg)

Studies have shown that savings are often in the order of 30% and can lead to a return on the
original mvestment within 1 or 2 years." : : : : : :

"It is generally recognized that modern ice detection and prediction systems should form the
basis of an integrated winter maintenance strategy. :Despite relatively high installation costs,
their implementation will soon reap benefits in terms of better safety, long term cost savings,
optimal response to critical weather situations and minimizing of environmental damage."

"One effect of the road weather service system could be a 50% prompter salting; e.g., If thc :
salting normally begins 3 hours after confirmation of the change in road conditions, it would
now begin 1.5 hours after confirmation. ‘This kind of improvement in maintenance. activities -
would decrease the amount of crashes 3% - 17% depending on the district and the winter - -
(according to the research made in Finland, 1988)" [COST-309, 1992; SSI, 1994]. '

o PROMETHEUS

PROMETHEUS is a collaborative effort involving the European antomotive industry,
government transportation agencies, research institutions and academia. Started in 1986,
PROMETHEUS was created to make vehicles safer and more economical by combining basic -
level research from universities with applied research from industry. Common European
Demonstrator (CED) programs were then established as platforms to compare technology and .
approaches, evaluate system performance and idcntify cost/bcncfit drivers [Castle Rock, 1995].

One CED2 program Propcr Vchlclc Opcratlon was 1n1t1ated to:

"Improvc vchlclc safety and thcreforc traffic safcty cnsurmg bcttcr control of the vch1cic and
thc dnver in all road and traffic situations.” R - : :

This program mvolved dctectlon of road condmons from thc vehwle, obscrvauon of drlvcr _
performance and vehicle dynamics status, and determination of safety margin and vehicle . .
control. Most of the research focuscd on autonornous in-vehicle systems.

© DRIVE, CROW and ROSES

The DRIVE program began in 1988 and is funded by the European Commumty DRIVE I had
the following objectives: R
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© improving road safety
O increasing road transport efficiency
© reducing environmental impact

The Conditions of Road and Weather Monitoring (CROW) project is a multidisciplinary effort
within the DRIVE initiative. The intent of CROW is to enhance the motorists safety under bad
weather conditions. CROW consisted of the following elements:

a technigue to predict the onset of aquaplaning based on extrapolation of radar imagery

0 a knowledge-based system to provide fog warnings

0 prototype microwave, infrared and laser-based sensing systems for monitoring the
conditions of road surfaces :

O an improved integrating nephelometer to assess road visibility

¢ a CROW road/weather Control Center {CCC)

0 an algorithm to define safe traffic levels in bad weather condmons, based on road
weathcr and trafﬁc data

DRIVE Il mvolves tcstlng, evaluation, pﬂot propcts and fleld tnals of systems that resultcd _ 3
from the research performed under DRIVE 1. A follow on to CROW, the Road Safety . .. ... .
Enhancement System (ROSES) is a DRIVE II project with the objective of improving inter- "'
urban traffic safety under adverse weather and road conditions using a fully integrated safety
monitoring system. To this end, the ROSES system provides motorists with information,
warnings and support. Operationally, ROSES implements the road and weather monitoring -
systems developed in DRIVE I CROW and the PROMETHEUS CED2 "Proper Vehicle ...
Operation.” ‘The monitoring system for ROSES is implemented at two pilot locations. - At this . .-
time, however, before/after crash studies are not a part of the ROSES program. - »

_ 5.1.5 Reliability of Ice Detection Sensors and Systems
Sensors

Environmental sensors measure mctcorolbéica] parameters and roadway sufface cohditibns,
either directly or indirectly through measurements derived from other measurements. Typlcal
parameters measured by these sensors mclude [Castle Rock 1995]

o Atmosphenc pressure

© Ambient temperature i
© Wind speed, direction, and gust '
o Humldlty, dew pomt temperature

© Relative humidity

© Precipitation type, rate, and depth
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o Solar radiation/cloud cover

© Visibility (fog, smoke, dust, etc.)

© Pavement surface temperature

© Pavement moisture

© Snowy or icy pavement conditions

© Amount of deicing chemical present on pavement

The performance criteria for env1r0mnental Sensors estabhshed in the Castle Rock Report
include the following: SR _ :

o Accuracy

© Sampling rates

© Calibration

© Reliability and robustness
© Power requirements -

Existing standards that address many of the above performance criteria include the FAA
Advisory Circular 150/5220-16 A which contains values for meteorological measurements
obtamed by automatlc weather observing systems and a specification for a natlonal ice
prcd1ct10n nctwork dcvelopcd in the UK by the Department of Transport.

The Castle Rock report contained a comprehensive, though only qualitative, assessment of
various sensor technologies, including those used in ice detection. This assessment was
performed to "determine the extent to which they (sensortechnologies) fulfill the functional -
reguirements of a condition-responsive driver information and warning system." ‘The results of
this assessment are reproduced here with permission of Castle Rock Consultants. These resuits
are useful in that they depict the relative strengths and weaknesses of the varying technologies.
Together with the specific evaluations of systems conducted by state DOTSs in the next section,
it is possible to obtain a reasonable estimate of pavement sensor accuracy and reliability.

The following definitions apf)ly'to Flgurc 5.1.5.A, Pavement :'I‘empcratu'rc' Sensors, and Figure
5.1.5.B, Pavement Moisture Sensors:

© accuracy - the sensor's ab111ty to provxde a hlgh corrclatlon betwecn its measuremcnts and
actual conditions. '

o reliability - the sensor's ability to. mamtam its speafled dcgrcc of accuracy ovcr a typ1ca1
range of severe weather, traffic, and other environmental conditions.

© real-time response - the time taken to determine parameters given the nceds of users.

© wide-area coverage - the spatial area covered by a single sensor,

© high spatial resolution - the ability to provide measurements represcntatlvc over a small area
or point, so that accurate spatial profiles of an env1r0nmcnta1 parameter can be obtamed

© durability - the ability of the sensor to operate for long unattended pcmcds requmng only
occasional maintenance and/or calibration,
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© high cost/benefit ratio - a h1gh dcgrce of bcncﬁt satlsfymg all requirements, for a relatlvcly
low cost. i

© compact - relatively small size, for thc given appllcatlon
battery backup, solar power (m rcmote locatlons) etc.

© minimal traffic disruption - mmlmal 1mpact to trafflc dunng installation, cahbratlon and |
maintenance procedures. '

© identify type - for pavement mmsturc sensors, thc ablhty to dctcct thc typc of m01sturc
present, e.g, rain, snow, ice, frost, etc. - . ; :

The ratings in Figures 5.1.5.A and 5.1.5.B range from low to high. Since variants of a particular
technology may also vary in their performance, some technologies may be given a range of
scores, such as low to medium or medium to high. - The box is left blank when the ability of a
particular technology to meet a glvcn performance requuemcnt is unknown.

Systems

Michigan, New Jersey and several other state have conducted evaluations of Road Weather
Information Systems that included i 1cc prediction/detection as a component [Maryland, 1994; i
Spica, 1984, 1988; Balgowan, 1988]. These tesults from Michigan and New Jersey are ' L
described below and are believed to be representative of the performance that can be expected f
for this type of technology. The dates of evaluation are important to note, since the earlier :
systems, such as the SCAN system evaluated by Michigan in the early 1980's, have undergone

significant improvements in software and hardware. These improvements are evidenced by the

increased accuracies seen by both Michigan and New Jersey in the late 1980's.

© Michigan

From the conclusions of this report, reliability and performance of the system were found to be
"excellent.” Accuracy of the system was reported according to four segments. The first ™
segment being the winter of 1982-83 and the other three segments during the winter of 1983-84.
During each of the segments, upgrades were made to thc software and in some cases, to the
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- .Miplllliga_n SCAN 16 S.ystcm _At_i__cq_racy

__Segmen__t R

Percent Accuracy

Winter 1982-83

78.2
Winter 1983-84, first segment 67.3
Winter 1983-84, second segment 66.7

Winter 1983-84, third segment

The accuracy of the Boschung System was recorded from installation in January 1984 through
the winter-of 1987, Since the winter of 1983-1984 had only a total of 34 observations as
compared to the following winters (331 and 207 observations, respectively), it is believed that
the reliability of the data from the final two . winters was greater than that for the first winter.
This assumes that the reliability of the data increases with number of (random) samples.

Michigan Boébhung System Accuracy

Observations Winter 84-85 | Winter 85-86 | Winter 86-87 _
Total Number of Obschaﬁons 34 331 207
Total Usable Observations 34 310 107
Number of Agreements 22 261 173
Number of Disagreements 12 49 24
Accura;:__y RaFe..(_Percem) 64.7 ._ 84.2 87.8
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© New Jersey DOT

The New Jersey DOT evaluated the accuracy and reliability of their SCAN 16 EF Moisture,
Frost-and Ice Early Warning System in 1985/1986. Four sites provided pavement and '
atmospheric data via RPUs. By comparing field observation data to the data provided by the
SCAN system, overall system accuracy was found to be 91%. System hardware, software and
peripherals were found to be highly reliable in terms of breakdowns; although phone line
communications were less reliable than radio communications. .

The table below contains the comparison between field observations and SCAN systcm'data'.'

-_'_Ncw_f_érssy SCAN Sy_Sf:ém_Accuf_acy .

PavementAtmospheric | Tol | Tolerance
' - Category ' Numberof | -
Observations

% Accuracy

Roadway Status 287 - {) . : 90 3

Precipitation | 305 | o | s

AifTemperathe e . 264 _. . .;F_4_degrces._ i B . 94 " .. 3

Suface Temperatwe | 12 | +ldegrees | 92

Overall Welghted Average
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5.1.6 Effectiveness of Ice Detection Systems

Many state DOTs have taken the initiative to 1mplement extensive roadway information
systems, including i ice detection and prediction as one element, and have published reports on
the results of those act1v1t1es Some of these reports are summartzed below : :

© Colorado

On an elevated portion of I-70 in Denver, accident data was collected from 1983-1990. A
SCAN ice detection system was installed early in 1987 and was used extensively for the first
time during the winter of 1987/1988. Since then, it has become a standard tool used in winter.
maintenance activities [Woodham, 1991]. Thus far, the system has been used to inform
maintenance agencies responsible for snow and ice control but has not been used to directly
warn motorists. :

At the ttme of this report the ice detection system consisted of eight instrumented 1ocat10ns _ ‘
linked by radio and phone linesto a central computer. - - _: i

To normalize the accident data with respect to severity of the winter, a multiple regression
technique was used to predict the number of crashes based on the number and intensity of winter
storms and the amount-of snowfall. The actual number of crashes due to snow and/or ice were
recorded and plotted graphically. Compared to the predicted number of crashes, the actual
number of crashes dropped in each year after the ice detection system was installed. It was also
noted that there were no major multi-car crashes on the elevated portion of I-70 since the system
was installed. Prior to the installation, several multi-car crashes had occurred. : :

Two uncontrolled vartables, however,_ occurred with respect-to the reportmg of crashes, After
1988, the reporting threshold for crashes was raised from $500 to $1000. Additionally, during

an "accident alert"; where large number of crashes are occurring (e.g, in-a winter storm), :
accident reports do not need to be filed on the scene if no injuries occurred and alcohol wasnot
involved. The motorists can then call the information in to police within 24 hours. These
crashes were not included in the database and, therefore, not reflected in this study. |

The actual numbers may have been influenced by other factors as described above, thus it is
difficult to make a definitive statement about the reduction of crashes due to implementation of
the ice detection system. The trend, however, is consistent with the qualitative assessments of
other reports. Additicnally, this trend is supported by the reduction of multi-car crashes and/or
injury crashes (since injury crashes had to be reported at the scene and are more likely to involve
damage above the $1000 threshold).
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© Maryland

In Maryland, four sites are instrumented with 14 pavement sensors and they additionally
subscribe to a pavement temperature/precipitation forecasting service during the winter months.
Plans include a traffic management system that will integrate snow and ice control operations
with traffic management/information systems. Approximately 50 sites using 200 sensors
statewide are proposed. All of the current and planned sites are on bridges or superelevated
overpasses and vsually cover the approach, elevated deck and roadway below. Twenty-one sites
are planncd--to__' be operational before the 1995-1996 winter season [Maryland Survey Response].

The DOT evaluated their SCAN system over the course of the 1993-1994 winter season. Both
accuracy and reliability of the system were found to be high; though only qualitative
assessments were available. Since most of the system will not be operational until June 1995,
no quantitative evaluations have been performed with regards to motorist safety. '

© Michigan

The Michigan DOT evaluated two types of Road Weather Information Systems, each with an
ice detection component, in 1984 and again in 1988. The results of these evaluations are
described below.

One of the earlier versions of a SCAN system by Surface Systems, Inc. was installed on four
parallel bridges in Lansing, Michigan, with final installation occurring in January 1983. Four
roadway sensors, three atmospheric sensors and a remote processor unit were located at the site.
The roadway sensors measured surface temperature, moisture content and the amount of de-
icing chemicals present. Atmospheric sensors measured relative humidity, air temperature and
precipitation. - : :

The primary objectlve of this evaluatlon was to document the abﬂlty of the system to prcdwt and
detect the formatlon of ice on the bridge dcck and also to:’ : . .

L. Evaluate the durability of sensors, clcctronlc cqulpment and other sys’rsm components in
Mlchlgan s climate.

2, Obtain experience and information on conditions which result in_bridgc deck icing. :
3. Evaluate the methods used to detect the formation of ice on the bridge deck.

4. Determine if the information output from the detection system can be used to effect a
reduction of bridge icing crashes.
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5. Determine the feasibility of implementing a district-oriented grid of sensors on
strategically located bridges to monitor the movement of changing weather conditions

across the state for the initiation of pavement salting.

To determme thc cffccﬁvcness of thc systcm at reducmg crashes, the percentage of icy crashes
relative to total crashcs wcre recordcd beforc and aftcr thc system was mstallcd

_' Before a_n,d Aftcr Accident Statistics

Before =~ o '.Total .-'Icy. ' Percent
.__.J_an.l.aary. 25,1980 to Janmary 24,1981 | 50 | 15 | 254
January 25,1981 to Janmary 24,1982 | 7} 2 | 364
January 25, 1982 to January 24, 1983 41 13 37
- T
JYanuary 26, 1983 to January 25, 1984 6 | 23

The ADT figures for the same years shows a stcady:inc_réase. each year.

" ADT on 1-496
West of Site AtSite |  Eastof Site
38,631 32762 41435
40,145 33034 42683
40,171 | 32098 43446 "
42,468 33972 . 47324 lﬁ
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An extremely mild winter in 1982 could have contributed to the relatively low icy accident
count that year as could the slight decline in traffic volume. Excluding that year, the percentagc
of icy crashes has dcclmed even though ADT numbers have mcrcased Lo :

From the conclus1ons of thlS report it was statcd

"One of the stated objectives of this report was to determine if thc 1nf0rmat10n output from
the détection system can be used to effect a reduction of bridge icing crashes. The shorter the
time period-a road surface remains in a slippery condition, the less chance an ice-related -

- accident will occur. Since this system does give information related to the road surface, it
should assist maintenance personnel during winter storms.

Since the Scan 16 system has proven its durability, and its accuracy is constantly being
improved with software updates, it is recommended that the system presently in operation be -
expanded.. Further, it is the recommendation of this report that the SSI system no longer-be - -

" considered experimental but rather an operating system with the understanding that neither . -
this system nor any other can ever be- 100 percent accurate. -Improvements will continue to be
made but here are too many variables to expect 100 percent accuracy” [Spica, 1984].

In 1984, Boschung Co. offered to install and maintain their Ice Early Warning System fora - -
period of two winters on a site in Michigan. The DOT selected the westbound 1-696 to
southbound I-275 ramp and the deck below carrying I-275 traffic to I-96. ‘Installation was . . -
completed in January of 1985 and evaluated over the remaining 1984-85 winter through the
winter of 1987. ‘A separate system was installed for each of the two structures, with each systcm‘
consisting of two atmospheric probes for air temperature and precipitation and one surface -
probe that measured surface. temperaturc moisture content and amount.of dc-lcmg chemlcals

During the time when the system was installed, it was noted that no multiple-car crashes
occurred on the bridge. Other improvements were also made to the bridge during this time,
however, such as texturizing and aluminum railing removal in 1984 and a latex overlay in 1985.
The report states, "1t is, therefore, difficult to say the system was solely responsible for this . . -
accident reduction but it probably played a part in it." [Spica, 1988]. ' U

o New J ersey

Ncw Jerscy 1nstaﬂed a road wcathcr mformanon systcm in 1984 Wthh becamc operatmnal n -
the winter of 1985/1986. The system includes moisture, frost and ice early warning components
installed on four bridges. A typical site consists of pavement and atmospheric sensors that are
hard-wired to a Remote Processing Unit (RPU). The RPUs can be queried and also transmit the
data to a central computer via radio whenever a significant change in the data occurs.
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Onc of thclr conclusmns rcgardmg the safety beneﬁt 15as follows

"Since accident data is not yet available for thc pcnod from January 1986 to the cnd of the
evaluation, a conclusion cannot be reached concerning whether the system results in a
reduction in snow and ice related crashes; however, it appears that a significant reduction in
snow and ice related crashes could be realized" [Balgowan, 1988].

By winter of this year, New Jersey is planning on manually activating at least one VMS based
on roadway conditions. They havc also exprcsscd a strong interestin usmg automatlcally
activated message signs.: RESREE : S

© Virginia

In Virginia; 42 RWIS stations have been instalied state-wide. Motorists are informed of
roadway conditions via a "Highway Helpline" toll-free number, the media, Highway Advisory
Radio, and variable message signs (VMS). Installation of these systems began four ycars ago
and is conunmng w1th addltlonal stations bcmg addcd each ycar S

Four sites are instrumented wzth ice detectlon systcms, with data from these systems being
transmitted to control stations. Two sites have yellow flashing beacons attached to "Bridge May
Be Icy" caution signs that are activated manually by maintenance personnel, based on road
surface sensor information. At two bridge-tunnel locations, operators at the control station
manually activate a VMS under the appropriate conditions. The operator may or may not do a
visual verification of the site before activating the sign, depending on the current observable
weather conditions. Messages including "WARNING: ' ICY ROAD AHEAD," or "WARNING:
POSSIBLE ICY ROAD AHEAD" are displayed to warn motorists. ‘Based on our study,
Virginia is the only state that directly informs the motorist based on data from their ice detection
systems on an operational, but delayed, basis. They have been operating these systems over the
past two years. No quantitative results are available on the effect that those systems have on
improving motorist safety since no before/after studies are being conducted.

European Programs
© Germany

An automatic deicing spreader system [Boschung-Mecatronic] was installed along a 6 km length
of the Sauerlandlinie Autobahn (Federal Motorway A45) in Germany. An analysis by the © =
Federal Highways Institute (Bundesanstalt fur das Strassenwesen, BASt) indicated a reduction -
in crashes of 57.9% durmg wintry road conditions, after the system ‘was installed [Traffic - :
Technology Intcrnatlona] 1994] Other accuient statlsucs were reportcd as follows

T
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o-crashes involving slight injuries decreased by 85%
© crashes involving slight material damage decreased by 60%
o crashes involving heavy material damage decreased by 25%

Since there are many facets to the system, it is not evident how much of the reduction in crashes
is due to the any individual component (e.g., deicing sprayers, motorist warning, etc.). These
details may be contained in the orlgmal report Wthh is available only in German and has not
been fully translated [Purth, 1993]. . - S :

5.1.7 Research and Development

Research and development is strong in several different areas related to ice prediction and
detection. - Driven by the need to reduce maintenance costs and improve safety at the same time,
many state DOTs are implementing RWIS and road surface detection systems in an effort to
become more efficient and responsive. - Much of the systems level research taking place today is
in the development of forecasting models that will allow accurate and timely prediction of
roadway conditions based on the data coming from surface and/or atmospheric sensors [Takle, -
1990]. Many state agencies that have RWIS and related equipment are now concentrating on
developing better ways to make use of the data in terms of their snow and ice control decision ..
making strategies. : :

Sensor development is also continuing, with a significant amount of effort being placed on
remote {(area) detectors, such as thermal and microwave radiometers, as well as sensors on : .
vehicles [CROW 1995]. At least one manufacturer of an RWIS system is looking at adding
video capability to verify roadway conditions. In other areas, FHWA and the National Weather
Service are exploring ways to more efficiently disseminate wcathcr information among
transportation agencies. S

Anti-icing, which has been used extensively by European transportation authorities and airports
for many years, involves application of chemicals on the pavement before or immediately after
ice or snow has started falling to prevent formation of a bond with the pavement. This approach
requires weather and pavement condition information on a real-time basis, In the U.S., research
in this area is being conducted through the FHW A Anti-icing Project No. 28 [SHRP FOCUS,
1995].

52 Trafﬁc Survelllance

A review of recent reports and tcchnology assessments made by ERIM the FHWA and other
research institutions have provided the necessary data for the assessment of past, present and
emerging detector technologies. Referring to the referenced assessment studies, that are
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summarized in this section, will serve to provide details on tests of specific detectors. These
references will also contain more detalls on testmg procedures employed as'well as detaﬂs on
specific vendor models. : : :

New ITS (Intelligent Transportation System) technologies require different demands for
accuracy and reliability. These technologies and their data requirements are presented. They are
discussed in terms of specific traffic parameters that are needed by specific applications. - - -
Specific traffic parameters that can be provided and/or estimated by specific detectors are also
described.

- 5. 2 1 therature Research

ERIM performed a DIALOG on-line search to verify that its trafﬁc surveillance database was
current and that there were no newer results since the FHW A-sponsored Detection Technology
for IVHS Project [FHWA Task A 95] was performed. The literature research indicated that this
FHWA Project represents the' most recent and comprehensive work in the evaluation and
characterization of traffic surveillance technologies. Thus, this report will draw heavily upon -
that study ‘and will summarize their findings in terms of the needs for this application.” A
surveillance technology study was also performed for MDOT in 1991 by ERIM [Gllbert 91] and
the FHWA Study did not identify any newer technologies.

The Task A Report is a result of the previously mentioned FHWA pro;ect A major goal of that
entire project included the determination of appropriate traffic parameters needed for future
IVHS (now called ITS) applications. Another major goal was to evaluate detector technologies
through laboratory and field tests. The focus of the Task A report was on the development of
IVHS traffic parameter specifications, The data needs of some current and future ITS -
apphcatlons were considered. The suitability of various detector technologies to these
applications were then analyzed The analysis was based on the ab111ty of a detector technology
to prov1de key traffxc parameters. Performance was based on:" :

9 accuracy,
© precision, and
O repeatability

The importance of either is dependent on the application. Communications (vehicle to road)
and vehicle identification (AVI systems) are covered as they ass1st in the gathermg of some key
trafﬁc parameters but were not part of the technology study S :
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Traffic Flow Cl o

In the past, traffic data was used to gather historical information useful for off-line studies and
calculations. ITS applications involve many real-time data needs which also have a need for
higheraccuracy. Real time data requirements vary from :application to application and from
measure to measure. Some measures in some apphcatlons require updates every fifteen minutes,
some require second by second update, and others require - - :
detectors positioned to generate predictive data

The three most basic fundamental measures are: - -
o flow (£), |
o speed (v}, and
O density (k)

Their fundamental reiatlonsh1p is defined as:

f v*k.

Flow is typically measured as vehicles per hour per lane. Speed is measured in miles per hour

and density is measured in vehicles per mile per lane. Travel times for vehicles in urban traffic
is influenced by intersections and traffic signals. Thus, additional measures like delay, number
of stops a vehicle makes, and turning movements at intersections are important for evaluation.

There are addiﬁo'nal'r'neasures 'Oecupa:ncy is measure that is the percentage of time that any
vehicle is present at a partlcular location or link. Headway (h) is the temporal spacing between -
two vehicles. Average headway on a link is the inverse of average flow (h = 1/f). - '

Flow (Volume) demand rate from one ongm toa destmatlon, headway between vehicles and
throughput are measures that help determine the quantity of vehicles. Speed, density, delays and
stops can be used to assess how well traffic flows. Other items to measure are ‘where the traffic -
is moving and dlstmgulshmg between different types of vehicles. The need for these measures
is made more clear by cons1dermg ITS apphcatlons ' ' SR :

Vehicle type or class is needed mformanon. The 1mp0rtanee will be evident when several ITS
applications are presented. It should be noted now that vehicles can be categorized and or
identified using we_ight, height length passenger occup_ancy and!or function.

The followmg hst summanzes measures needed for current and future surveﬂlance apphcatlons
Some detector techn010g1es and specific products can measure these directly. Other measures
have to be estimated from more basic data. Still, other medsures have to be gathered using
vehicle probes that communicate with a roadside computer. '

© Vehicle Passage & Presence © Vehicle Counts © Flow & link travel times
© Queue lengths o Vehicle Type © Instantaneous & average speed
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This par_tial'li_s'ts enumerite ITS technologies heavily reliant on accurate and reliable sensors:

© Incident Detection

© Adaptive Traffic Control

0 Dynamic Route Guidance

© Variable Message Signs & other traffic advisory
© Bus and Emergency Vehicle Priority Systems

© Traffic Enforcement

Adaptive traffic control systems alter signal timing plans based on the surveyed traffic
conditions. Examples of real-time adaptive trafﬁc ccntrol systems that have been implemented -
in cities are: .

© SCATS, (Australia, Ireland, Oakland County Michigan)
o SCOQOT (Oxnard, California, Toronto) , and .
o OPAC (Tucson and Arlington)

SCATS and SCOOT represent f1xcd—cycle control systems that modlfy cyclc length offsets and
green splits-based primarily on flow and occupancy data. Measurements of headways and
occupancy are used 1o predict delay, queue sizes and saturation flows. The saturation flow is the
rate of departure from the light once vehicles can proceed is also needed. :

Traffic responsive (non-fixed cycle) systems like OPAC need to predict measures like queue
sizes to determine an optimal signal plan. This is done in advance of soon to arrive vehicles. It
requires special detectors that are located upstream of each link approaching the controlied |
intersection. It is a good example of schemes. that require predictive data. Detection of the

* presence of a vehicle as it enters a link is needed so that its time of arrival to the 1intersection can
be estimated. The flow on the link is also needed to make this travel time estimation.
Effectiveness of the plan derived is closely tied to the accuracy. of the measured and/or predlcted
values. . - L _ _

Some traffic control stratcgtcs (SCATS SCOOT PRODYN) attempt to coordmatc 31gnal plans
in ordcr that the number of stops per vehicle is minimized. The idea is generally to yield "green-
waves" or green bands so that.platoons on high demand links flow. through w1th0ut stopping.
There is communication overhead required to communicate detector 1n_f0_r_m_at1_0r__1 and control .
decisions from each intersection to a central location for processing. . ' '
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Incident detection is also based on measuring occupancy and other detector data and applying an
algorithm, Two frequently used algorithms are the California and the McMaster algorithm. The
McMaster algorithm needs flow, lane occupancy, and speed to identify an incident and the
California algorithm requires a occupancy of neighboring detector stations. '

Detector data has several categories of use for these conventional and ITS technologies:
© Data enabling real time system operation
o Data supporting off-line calculations (i.e. TRANSYT")

© Data serving as measures of effectiveness for off line evaluation

Measures for the latter two are as follows:

© Average Number of Stops per Vehicle © Average Delay in Seconds per Vehlclc
© Average Queue Length o Average Demand

© Total Travel Time _ o Total Vehicle Miles Traveled

© Average Travel Speed - - © Vebhicle Delay

© Total Minute-Miles of Congestion o Accident Rates

© Average Speed in MPH S

Priority vehicle detection systems allow emergency vehicles the ability to gain immediate right
of way at an intersection by preemption. Less severely, transit vehicles may receive priority by
extending a green phase or shortening a red phase, These systems require the detection of a
vehicle by its type. This can be done by a roadside detectors that receives transmissions from
vehicles and/or detectors that can measure a characteristic of a vehicle (height, wclght length
magnetic signature, etc.). Digital loop and radar detectors that can 1dent1fy a bus, for example,
would not necessarily eliminate the need for transmitters and receivers since priority needs are
determined by the driver. For example, in Bremerton, Washington, there is a 3M Opticon =
priority system which uses infrared transmitters to enable transit vehicle operators to extend a
green or shorten ared light [American 94].

Like priority systems, routc guldance systems will requlrc Vehlclc to roadway commumcauon
Travel times on links will be required. This is facilitated by vehlcle probes that can report
location and time at two different points for the calculation, The Ah-Scouts route guldance
system incorporates this concept. Using travel times reportcd by probes to roadside computers,
fastest path calculations are used to transmit routing information back to equipped vehicles. An
Ali-Scout system is bemg cvaluated as part of the Oakland County FAST»TRAC program -

'TRANSYT is a widely used program used to develop signal plans off-line, Green times, cycle times, and offsets are
determined via an iterative process,
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The following detector technologles have bccn descnbed and are tested in rcfcrcnces cited in
this section: S

o ILD (inductive loop detector)
o Piezoelectric

© Microwave Radar

O Passive Infrared

0 Active Infrared

© Imaging Infrared

© Ultrasonic

© Video Image Processor

o Magnctlc

5.2.2 Vendor/Product Search

As part of the FHW A Study [FHW A Task D 94], a comprehensive survey of vendors was
performed. .Thc criteria used to select vehicle detectors were:

© Availability in time for field tests.

o Demonstrated capability by a ‘municipality of the vendor.

o Compatibility and interface ability with on-site controllers S
o Represcntatlvc of the current technOIOgy -

The latter cri_tcrion_def_ines detectors capable of:

o Responding to moving and/or stationary vehicles of different sizes and colors.
© Operate in light and heavy traffic flows under most. weathcr COIldltIOIlS

© Operate in nighttime as well as daytlme o : e
o Immune from shadows and glints. AR - - :
o Immunc from falsc detectlons from shoulders, and adjaccnt lanc objectslvchlcles

A mu1t1 step process was uscd in the FHWA study to selcct detcctors ITS detector rcqulremcnts
were enumerated and used to rank different products. The original idea was to screen detectors’
that satisfied all of the ITS requirements. Initially, no detector satisfied all ITS requirements.
Thus, existing detectors were surveyed and the best candidates were chosen and screened. The
screening involved laboratory tests and field site compatibility tests that included tests for
possible interference with one another, see Appendix D.
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5.2.3 Sensor and System Descriptions -

The detection technologies listed in the previous section are now briefly summarized. More
comprehensive descriptions can be found in the following references [Gilbert 91, Chachich
1994, FHWA_ Ta_skD_94].

The most common detector is the roadway imbedded inductive loop. They are a standard for
long term measurement of traffic volume and speed. The wire loop placed in a cutout in the road
notices any decrease in inductance caused by a vehicle present over the loop. Data supplied by
inductive loop sensors include vehicle presence (counts), headway, vehicle length and
occupancy. Speed can be measured when the loops are used in pairs. Although initially low

cost, thelr location in the roadway makes thcm vulncrable and requlrc trafflc dlsruptlon to mstall

Piezoglecisi

This device is an axle sensor that is embedded in the road surface Usmg two Sensors, both
speed and vchlcle class can be measnred and dctccted i -

Active infrared sensors can be mounted overhead and detect vehicle (moving and stationary)
presence, vehicle type and measure vehicle speed. Vehicle presence is indicated by a reduction

in range reading from the roadway. Vehicle speed is computed from the measured time interval
between the interceptions of two laser beams. A real time clock is used to time tagdatato =~
provide vehicle count and average speed for each hour of the day A vcndor for an actlve e
infrared detector is Schwartz Electro Optlcs (SEO) S o

Passive Infrared

Passive infrared detectors emit no radiation or fields. Vehicle presence detection can be
provided. Cars, cyclists or pedestrians penetrating into or crossing a field of view can be

detected within a limited range, These objects (cars, etc.) emit infrared energy as a functmn of
their surface temperature. Temperature contrast of an object with the background are focused by
a lens and converted into electrical signals by a sensitive pyroelectric detector. No radiation i is”
emitted by the device. Thus interference with nc1ghbormg detectors is not aconcern noris -
alignment of emitter/receiver pairs. Eltec provides two models that respectively detect stationary -
and moving targets.
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Microwave Radar

Microwave radar detectors are overhead (or side mounted) sensors to detect vehicle presence in
one direction over a single or multiple lanes. Speed detection is also possible using Doppler
sensors. A longer detection range (100-200 ft for smaller vehicles, 350 for trucks) is provided
relative to infrared devices. .

~ Doppler radar works by efnitting a signal and measuring the phase shift of the reflected signal.

The phase shift is proportional to the speed of the object reflecting the signal
Vendors for this type of detector are Microwave Sensors, Whelen, and Electronic Integrated
Systems : . o

This detectoris.a p'as_si__ve device that d_e_t_e(_;ts sky reflection, Presence, oecupancy, headway,_ -
length, class (by.length) are measurable. Itis an overhead sensor that suffers obvious .- .. .
disadvantages in tunnels, and from shadows and sun glints.

Video ; ine (VIP

VIP provides real time video images.. When combined with image processing techniques, it can
detect vehicle presence in multiple lanes and multiple directions. Vehicle presence and certain
traffic parameter averages can be computed in the daytime like volume per lane, flow rate, lane
occupancy, vehicle type, headway and speed. A more limited set of parameters can be measured
at night with reduced accuracy. Econolite, Computer Recognition Systems, Traficon, EVA and
Sumitomo are some vendors for this type of detector. - : : :

There are two approaches to extractmg measures from video data One is called the tr_ipwire."
method. An entry and exit line is defined across each Jane being monitored. Changes detected at
these lines are interpreted as cars, and speed is derived from the time taken to pass between the .
lines [Hockaday 91}. Another method is known as "vehicle trackmg ‘The entire image is -
analyzed and vehicle -like masses are identified and tracked. Econolite's Autoscope and the
Devlonics Control CCATS rely on this method.

Passive acoustlc mlcrophone arrays can be used for veinele counts, speed 6St1mat1011 and :
vehicle classification. They are above ground sensors. Passive acoustic data can be taken on a.
vertical array of microphones. The concept is that the time delay between arrival of sound on the.
upper and lower microphone changes with time as the vehicle emitting the sound passes under it
[Duckworth 94]. A passive acoustic detector is produced by AT&T.
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Ultrasonic Detectors

Ultrasonic detectors can measure volume, occupancy, presence and queue length by -
transmitting sound waves (between 20Khz and 200Khz) above the human audible range. The
waves are subject to attenuation and distortion from weather effects. In particular, snow covered
vehicles are harder to detect {Mills 93].

As an active device, the Doppler effect can be exploited to estimate speed. A Doppler.
Ultrasound sensor operates the same as a Doppler Radar sensor-except the shift per mph is
different (i.e, 50 Hz/mph) and the rangc is more lmntcd (radar may have ten times the range.
[Duckworth 94] : N L . .

A Pulscd ultrasomc detector is a pulse-echo distance measurement sensor. The transducer looks .

down on each lane to measure the distance from the sensor to the pavement or the top.of a

vehicle in case of: occupancy Vcndors for ultrasonic devices include Sumitomo and Microwave .

Scnsors

Magnet Devices

Magnetometers are used for detecting vehicular traffic. The detector measures the horizontal
and vertical component in the earth's magnetic field. When a vehicle approaches the detector,

the earth's magnetic field is distorted and the resulting change is detected and transmitted. The
device is small -but has to be buried is inserted in the ground. Vendors include 3M and Midian.

The detectors are less resistant to weather changes and not susceptible to interference by o_the_r __ '

detectors or other detector types.
Fil ic S

The use of fiberoptic sensors is a new, untested technology. Axle counts and weights can be
determined from, a sensor. With two sensors, speed and class can also be determined.

5 2 4 Test and Evalnatmn Programs

One frccway and one surfacc strcet artcnal site were chcsen in cach of thrcc statcs to tcst and
evaluate alternative detector technologies for the FHWA study. The states chosen werc_F_lorlda,
Minnesota and Arizona. This enabled testing in different weather condition extremes. The
detector technologies evaluated were:

o yltrasonic
o microwave radar
© infrared laser radar
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© imaging and non imaging passive infrared
© video image proccssmg with v131blc spectrum 1magcry
© acoustic array
© high sampling rate inductive loop L
© microloops ' '
© magnetometers

The Arizona test site was located I-10 in Phoenix and a surface streetin Tucson. These sites
were selected for warm and hot dry weather testing. The tests took place in August of 1993 and
the summer of 1994. Inductive loops and magnetometers were installed in lanes and overhead -
detectors installed as close as possible. The idea was to place all detectors within proximity of
each other for fair performance comparisons. Marks on the road surface were painted to help
with video image processing. A Minneapolis freeway and surface street was used in the winter
of 1993 to test under cold, snowy, sleet, and foggy conditions. An Orlando freeway and surface
street were used in the summer of 1993 to test detectors under hot, humid and rainy conditions.
Truth data will be obtained for measuring accuracy. Video tapes of the test site will assistin -
extracting these values. The test details can be found in the Task C Report . A final report by the
FHWA is being reviewed. . X

: 525 R_eliability of Sur?éil!_ance Sensors and Systems

Rehablhty and accuracy of detectors directly affects the accuracy of the technolo gy it supports.
Incident detection is a good example of an ITS technology whose success is heavily tied to the
accuracy and reliability of the detector. Real-time adaptive traffic control is another example.
While inductive loops are the standard in accuracy under alt conditions, not all locatlons (11ke
bridges) can use inductive loops. : S

Inductive loops at all sites in the FHWA test were found to have the most accurate count. Errors
were within 0.5 % of the manual count obtained through video recording. Some anomalies
occurred when cross-talk between two adjacent loops took place. Some inaccurate counting took
place due to turning vehicles that crossed multiple lanes in the process.

The following tables list the performance of different technologies relative to either the truth
data recorded at the site or’ relative to the data measured by the inductive loop detector. Table 1
contains data taken in Phoenix from 4 10 5PM on a warm clear sunny day. The measured data in
Table 1 is benchmarked against truth data. The data measured in all thc tables are vchxclc o
counts.
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Tablc I.
Detector Technology Vender and Model L Percent Error = .
Video Image Processor Econolite Autoscope 2003 0.06 %
Microwave Radar (Doppler) WhelenTDN-30 o 2.6% -
Ultrasonic - ' Microwave Sensors TC-30C 29 %
Ultrasonic Sumitomo SDU-300 38 % S
Passive Infrared Eltec 833 4.1%

The net two tables list the performance of different technologies relative to the inductive loop at
the Tucson test site. Table 2 is for a middle lane and Table 3 for a curb lane. The climate was :
warm and sunny and the data was taken between 4:40 PM and 9:15 PM. The data measured
were vehicle counts. S

Table 2. l
Detector Technology Vender and Model Percent Error
Microwave Radar ~ -~ - “EISRTMS ol o 007 % - ?
Passive IR : - Eltec 842 - PSR 2.8%
Microwave Radar EISRTMS .. o 2-33%. .
Passive Infrared Eltec 833 e L B5%
Video Image Processor 'Econohtc Autoscope 2003 61 %
Tabie 3.
Detector Technology Vender and Model R . Percent Error-.
Microwave Radar (Doppler) WhelenTDN-30 0.8 %
Magnetometer Midian Self Powered -2.6 %
Ultrasonic (Doppler) Sumitomo SDU-200 -3.1%
Ultrasonic Microwave Sensors TC-30C -5.0 %
Video Image Processor Econolite Autoscope 2003 -5.7 %

These tables represent the type of data that was accumulated by these tests. This data should not
imply overall performance throughout all test runs. A final FHWA report on these tests should 3
be referenced. Lawrence Kiein of Hughes Aircraft is the principal investigator that should be
contacted for further information.

The California Department of Transportation contracted the Transportation Research Group at
California Polytechnic State University to research, acquire, and test VIP systems applicable to
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traffic situations. Cal Poly developed a Vision Laboratory facility and equipped it to perform
standardized tests for evaluating VIP systems. The objective of the tests was to collect
videotaped traffic images at several locations to comprehensively test the capabilities of a
numbcr of prospcctlve vision systems. A fmal repon was 1ssued in 1991, -

Candidate systems were survcyed Systems that scemed apphcable -were tested in house. A
subset of those detectors cvaluatcd in-house were ﬁcld tcstcd These are eight systems that were
field tested: S - S -

© Autoscope
'0.CCATS (Camera and Computer Aided Trafﬁc Scnsor)
o TAS (Trafﬁc Analyscs Systcm) ' :
© ATAS :
o Sigru
° Titan
- o Traffic tracker
© Tulip

The first three (Autoscope, CCATS, and TAS) were considered deployable at the time of the
tests. The remainder were considered development systems not necessarily suited for practical
use. Tests data was collected for the following conditions: (1) Day, (2) Night, (3) Oncoming
Traftic, and (4) Departing Traffic (4) Side camera (6) Steep Camera, and (7) Shallow camera.
The systems were quantitatively evaluated on their ability to perform traffic counts and measure
average velocities. An overview of the tests is provided in the 1991 ERIM report and further
details should be sought from the 1991 Cal Poly report [Hockaday 91].

Other comparative studies including both video and other "non-intrusive" monitoring sensors
have recently been reported. Tests and comparisons by Duckworth et. al. [Duckworth 94] from
an overpass on a lane on Rt. 2 in Littleton, Massachusetts yields the following Table:




Sensor Type | Sensor Comm. Detection Speed Classifyitig
Cost Bandy_vidth Perfo_rmanc&_e Pgrf(_)l_'mance Performance
Video - | High | Mesiommi | Good | Very Good | Very Good
Camera ($150-500) | (10-4500kbs)
Doppler Medium Medium/ | Fait/Good “| Excellent | Poor
‘Radar '(<$100) "(2-1(}kb's) g I o ' '
Doppler Low (<$75) Medium Good Fair N/A
Ultrasound (8 kbs) -
Pulsed - .} Low (<$75)] VeryLow Very Good | N/A Good -
Ultrasound (0.32kbs) o
Péssive ' Low Medium - Poor fair - { Poor ‘.
Acoustic (<$25) | (10kbs) o ' S
Passive Low - Very Low - : Very Good | N/A | N/A: |
Infrared (<$30) (0.32 kbs) :

S 2. 6 Effectiveness of Survelllance Systems

59

Detectors can be effccnvc in terms of detecting changcs in traffic ﬂow but cannot determlnc the -
cause for changes in traffic flow. Direct inspection is required to determine cause. Video -
surveillance can be effective for verifying any change in traffic flow. In addition, road surface
conditions (i.e. from an ice prcdiction/detector sensor) can also be veriﬁed

With regards spemﬁcally to traffic survcﬂlance for a Motonst Warmng Systcm two sifuations .
apply: : . : : e : '

1. ‘An accident has occured and fast detectmn and drwer warning is necessary (detectlon takcs
place via vehlcle 1n/0ut counts)

2. Intcrchange throughput is decreasing as a result of degraded conditions on the bridgc
(detection takes place via many dlfferent technologlcs because precxse counts are not
reqmred in thls case) R : o - ; -

Both systems havc value because of the increased total system reliability through redundant
detection systems,

Following are two examples of evaluations made by state DOTSs of traffic
surveillance/management systems:
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° Minnesota -

From Survey Responsc "We have data whmh md1cates Mn!DOT's traffic management program
has been successful in terms of increasing motorist safety. Our studies mdlcate that the peak-
period accident rate has been reduced over 40% during the past five years on those freeway
sections where traffic management systems have been installed. We have not been able to
differentiate to what extent various traffic inanagement initiatives should be attributed to this
reduction in crashes, but we think that it is primarily the ramp metering systems and, to a lesser
degree, the traveler information services and Highway Helper emergency response vehicles."

o New York DOT

The New York Department of Transportation participated in the FHWA INFORM Evaluation,
which addressed the reliability and effectiveness of motorist warning signs for both mobility and
driver safety using various traffic flow surveillance systems [FHWA-RD-91-075, 1992]. The
system allows varymg degrees of manual and automatic control of message signs based on
roadway sensors. INFORM is one of the most advanced variabie message sign (VMS)- bascd
motorist 1nformat10n systems in the U.S. and offerred cons1dcrable insight into traffic flow
surveillance and communication with the motorist. '

Unfortunately, the accident statistics collected to date have been inconclusive regarding the
effectiveness in terms of motorist safety. The lack of quantitative data, however, has not
deterred the use of traffic flow devices and the i 1ncreasmg use. of VMS for warning motorists in

| 5 2 7 Research an{i Development

The majority of the published research is in the area of video-based systems. The 1991 ERIM
Report [Gilbert 91], the FHW A Study, and the Cal Poly study should be referenced for further
details. R & D associated with other sensor studies is usually related to product development
proprietary, thus limiting the information available in the pubhc demam. When products
materialize from publicaily funded research, the information is generally available. - - -

Econolite's Autoscope was born out of research efforts at the University of Minnesota and is
being evaluated as part of the Guidestar Program [Guidestar 90] in Minnesota and the FAST-
TRAC program in Oakland County, Michigan { Rockwell 94]. : -
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5.3 Survey Responses

State DOTs

Based on our initial literature searches, a significant amount of activity was found to be taking . :

place both on the federal and state levels with regards to roadway warning systems, and in

particular, RWIS and ice detection systems. To obtain a better picture of what was occurring in

the various states, a questionnaire was developed and sent to the 48 contiguous states plus
Alaska and several Canadian provinces. The purpose was twofold; to find out what the state -

DOT's are implementing and to determine how successful they have been, Appendix A contains
a copy of the questionnaire and Appendlx B contains a complete list of the names and addrcsses :

of respondents.

The following .table summarizes responses given by the various states that responded to the

survey”. The number in each column reflects the number of states that responded affirmatively

to the particular device or procedure. The terms opcrat:lonal field tested, and studied are .
defined as follows, respectlvoly

o Operationél in operation or in the process of being lmplcmented
© Field Tested: being field-tested to detenmne 0pcrat10nal fea31b111ty
- o Studied: bcmg studied or analyzed -

*Based on 23 SUTVEY responses received to date.
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Ir e e e ————

Devices and Procedures Operational F.i:e'ld Tested Studied

WA

Sutface/subsurface sensors which monitor pavement 12 3
temperature and surface conditions, including
presence of ice, frost, water, snow or chemical .-
concentrauon

Cta

dew point, relative humidity, precipitation, wind -
direction, and 'wind speed (i.e., Road Weather . .
Information Systems - RWIS) .-

[

Area/remote sensors (e.g., infrared, microwave, or | 2 R EE
laser) which monitor roadway surface conditions,

l[ Atmosphenc $ensors which monitor air tcmperature '1_3' o 2
mciudmg presence of ice, frost, water, snow, eic,

analyzing Toad conditions and trafﬂc ﬂow for
possible ice conditions : . :

Traffic flow sensors used in conjunction with ice 2 0o 1
detection sensors for monitoring traffic flow
conditions (siowinglstopped trafﬁc)

li Closed Cn-cuntTV (CCTV) formomtormg andlor e & R IR 3 S

N .

Traffic flow sensors used for 1n01dcm detecum (not 5 ' 10 _ _ 1!
restricted to ice-related incident detection) B

W

Communications infrastructure to allow transmission 14 2
of sensor data (surface sensors, atmospheric sensors,
video, etc.) to a central control facility

Any procedures (automated or manual) that utilize 10 1 4
this data to predict the formation of ice and/or detect
the presence of ice

Driver infermation systems (e.g., variable message 14°? 2 4
signs) that provide motorist warnings of existing or
possible ice conditions and/or resulting traffic
impediments

* A detailed review of the survey responses found that only Virginia actua]ly provides warning
information to the motorist (on a delayed basis) based on ice condition information.: The other
public agencies that answered affirmatively to this question did so on the basis that they inform ;5
motorists of traffic conditions based on traffic flow information (not ice related).
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Responses to most of the other questions in the survey are summarized below and some
interesting examples are provided. A complete listing of responses to the survey questions 1s
contained in Appendix C. Unless otherwise noted, the responses to each question are direct
quotations from the surveys.

Survey Question 2: Can you provide data on the number of ice-related incidents over the
past 5 years? Please state in terms of: (1) fatalities, (2) i mjurles, 3) property loss, and (4)
frequency, if possible.

Summary

The 1990 NASS records of crashes on U.S. highways indicates that approximately 35% of all
crashes occurred during slick road conditions or during periods of reduced visibility and drivers
are three times more likely to be involved in a crash during adverse weather conditions.
Additionally, 25% of all crashes are rear-end crashes, and of these, 27% occur during adverse -
environmental conditions. Of the 27%, 23% occurred in wet conditions and 4% in ice or snow. .
conditions [Castle Rock, 1995].

In many states, statistics are not available for the percentages of snow and ice crashes.

Example Responses

During the 5-year period between 1989-1993, there were 437.3 billion vehicle miles of travel on
PA roadways, and the following ice-related and snow-related crashes and statistics: - - S

Ice-related Snow-related
Fatal crashes 195 221 :
Injury crashes 15,826 16,359 ’
PDO crashes: - e 13,135 14,581
Persons killed SRREEEI S I S " 212
Persons injured 22,985 24,364
Crashes/100 MVM 6.7 7.1

- Pennsylvania
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6 YRS Spow & Ice Related Crashes
Year Occurrcnccs ‘% Total Acc.
1994 4410 9.93
1993 3695 6.99
1992 3491 6.56
1991 - 2332 464
1990 2573 - 4.84
1989 5438 9.79
- W. Virginia

Survey Question 3: What has been done or is carrently being done in your state to aid in
the detection of ice conditions, prediction of possible ice formatmn, andlor warnmg of
motorists, as it relates to improving motorist safety? S - -

Summary

Most states (16/23) that responded to the survey are taking proactive steps to predict and/or
detect ice using some form of Road Weather Information System. The extent of these
implementations varies widely from state to state, and only one is using this information
operationally to manually warn motorists (on a delayed basis) through variable message signs
(Virginia).

Example Responses

We have an installed RWIS (SSI, Inc.) as well as 24 hour EOL which monitors all weather -
sources. Information is transmitted to motorists by our nghway Helpline" (toH free 1- 8(}0-
367-ROAD), the media, H. A.R. and V.M.S. :

- Virginia

Currently, we have four locations with 14 pavement sensors which provided real time data of
pavement conditions. A winter season pavement temperature and precipitation forecasting
service is used in conjunction with the real time data. We foresee in the near future the ability
to update Variable Message Signs (VMS) by computer to have traveler warnings based on
sensor data .

- Maryland

We have weather monitoring stations with pavement sensors at strategic locations in the areas of
the State with colder weather. They are not related to any warning devices to motorists. The
SCDOT does, however, erect a "Bridge Ices Before Road” sign. This sign is intended for use to
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warn motorists that icy conditions may occur on the bridge where such a condition does not
exist on the adjacent roadway. The sign should be displayed on the righthand side of the road, .
and on divided roadways, an additional installation may be used in the median.

- South Carolina

Colorado is investing in the Road Weather Information System (RWIS). There are over 30
stations in Colorado with 11 stations in the Metro Denver area. The system provides roadway
temperature predictions based on subgrade temperature and weather predlctlons and is used to
effectively mobilize de—zcmg and snow removal operatzons : S

- Colorado -~ g : .

Survey Question 4: What is your perception of how ice detectlonlpredlctlon and warnmg
systems could 1mpact motonst safety" P LI : S e e :

Summary

Almost al] of the respondents believed that ice detection/prediction and warning systems could -
have a positive effect on motorist safety, if used properly. In states that cover a large and
diverse geographical region, placement of the sites is critical since dense placement of pavement
Sensors and weather St&tiOIlS is not economlcally fea31ble . :

Where such warning systems can be specific and creditable, considerably. Generalized .
cautions seem not to be terribly effective.
- Virginia

The information received from sensors is used to place traveler warnings on VMS and the
Travelér's Advisory Radio, which serve to enhance public safety. - Alerting motorists prior to .
entering an area with possible icing conditions is probably the best way to give immediate -
warning. " These real time condition warning systems are also used for winter operations, giving
the ability to direct crews to areas with ice warnings as conditions occur, lmprovmg the overall
efficiency of winter operations. s

- Maryland

We feel there is a very large potentlal safety bcneflts that can be rea.hzed from developmg 1ce
detection/prediction and - warning systems. ‘For this reason, we have a.long term plan to invest .
several million dollars in developmg this capablhty RIS -

- New York '

|
|
I
5
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Warning systems could have substantial impacts on motorist safety when used properly. The . .
combination of RWIS technology with a vanable mcssage s1gn can pr0v1dc motorlsts with
timely information on road conditions. ° ; : .

- W. Virginia

If the geographic sites where the ice occurs are so unique they may be the firstand/oronly . -
places where ice occurs, the investment may be warranted.  As an agency responsible for very . -
large geographical areas, we are proactive and rely on forecasts and RWIS real time data to
determine critical-ness. Timeliness is most important. Crews are expected to be on sites before
snow and ice occur. Crews tend to know where to go first through experience. -

- Mlinois

Survey Question 5: What has been done or is currently being done in your staté with
regard to sensing, automated incident detection, and motorist warning of slomnglstopped
traffic flow? :

A wide variety of traffic management systems are being tested by a large number of states. - ..
VMS, highway advisory radio and the media are often used to warn motorists of traffic
conditions based on traffic detectors. The types of detectors being applied include inductive
loops, video, microwave (radar). At least one state is taking advantage of cellular phone call-ins
for incident detection and has moved away from usmg an automated incident detection
algonthm : L e ;

Example Responses

We are currently deploying a comprehensive traffic management system which will integrate -
both snow/ice operations and traffic management/information systems. The field elements of -
this system include 27 loops (for speed, aoccupancy, headway and volume), 96 wide beam radar
traffic sensors (speed only), 21 closed circuit television cameras, 40 VMS, and 24 Traveier
Advisory Radios (on 530 and 1610 AM). o : : RIS DAY

A number of incident detection, motorist warning and mobility projects have been initiated in
the state; the most notable is documented in FHWA-RD-91-075, January 1992, INFORM .. .
EVALUATION Volume I: Technical Report. That publication presents some of the mobility
and safety benefits that have been associated with early detection and warning systems.
Highway systems with similar components and /or functions are anticipated for the future.

- New York
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Information from Mn/DOT's Traffic Management Center: We no longer use an automated
incident detection algorithm, as this has been made obsolete by the proliferation of cellular
phone calls reporting incidents. We are cooperating with FHWA on a research project to
investigate the integration of automated incident detection with cellular calls.

To warn motorists of stowing/stopped traffic flow conditions we use changeable message signs,
portable changeable message signs, a metro area highway advisory radio program (a partnership
with a public radio station on KBEM FM, 88.5 FM), and a cable tv traffic channel. We are also
involved in several ITS operatlons tests to evaluate 1nn0vat1ve concepts for traveler mformatlon.

- Minnesota - S e : -

Survey Question 6: For each item check-marked in the table, please provide the followmg
detalls, if apphcable (feel free to attach addltlonal pages if necessary) '

~ o Data or results indicating the reliability and/or effectiveness of the systems, such as
beforefafter comparisons (please attach information or include references to reports and/or
recommendations, if available). '

Very little quantitative data is available that addresses the effectiveness of ice detection systems
at improving motorist safety. A greater amount of data is available regarding the reliability of
the systems and cost effectiveness. Beyond what has been discovered through the literature
searches, no new information regarding quantitative data was uncovered from the survey.
Though not directly related, fog detection systems have been unplemented in several states
some pr0v1d1ng warmng of motonsts dlrectly through vanable message 31gns

Example Responses

We have not yet performed a before and after study to establish the effectiveness of these
systems, since the majonty of the system wﬂl not be in operauon unul J une of thlS year
- Maryland o Ca s : : R

Item 2. As far as atmospheric serisors are concerned, there is a fog monitoring system at the
Cooper River Bridge over 1-526 in Charleston, SC. The department installed this system to
warn motorists of foggy conditions at the river crossing. The system consists of closed circuit
TVs, variable message signs, fog detectors, weather instruments, lighted pavement markings,
street lights, and an operator alert system. Once the central system detects fog, it will activate a -
warning system in the control center, and the control center will make appropnate response
There are no beforelafter studles avallable as of thIS date. : :

Item 4. There is CCTV for momtormg road cond1t10ns at the Cooper River Bndge over US 17
in Charleston. This surveillance unit includes five cameras, each of which is mounted to permit
the observation of traffic by means of momtors There are no before/after studles available as of
this date.

- South Carolina
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Survey Question 7: Please describe your agency's snow and ice control policy
(maintenance) and how it invelves the use of ice detection/warning systems, if applicable.

Summary

Most states have a "bare pavement" policy concerning snow and ice, where roadways are to be
cleared within a specified period of time after a storm occurs. When available, ice detection
systems are primarily used in conjunction with other weather information sources to alert
maintenance departments so that anti- or de-icing measures can be taken,

Example Responses

The Maryland State Highway Administration has a bare pavement policy. When roadway
accumulation is 1-2 inches, plowing begins with application of chemicals and abrasives, and the
pavement is kept as close to bare as possible. This continues until the end of the storm. -Use of
pavement sensors aids in the decision of when to reapply chcmlcals to critical areas.

- Maryland : :

The Department currently uses weather forecast instruments which communicates with

computers via modems. Upon detecting conditions which may cause icing of roads and/or

bridges the system warns the operators of thc conditions so that appropriate steps.can be taken.
- South Carolina : : :

Survey Question 8: Do you have access to data, not necessarily specific to ice detection,
but that describes the reliability or effectiveness of driver warning systems in terms of
motorist safety (in particular, warning drivers of dynamic conditions on a real time
basis)? :

Summary

Driver warning systems are used extensively to wam motorists of impending traffic conditions
due to construction. In some cases, VMS and HAR are also used to warn motorists of
slow/stopped traffic due to congestion, crashes, and in at least one state, pavement conditions.
Some quantitative data is available that shows an increase in motorist. safcty as aresuitofa .
traffic managcmcnt systcm e T

FHWA-RD-91-075, January 1992, INFORM EVALUATION Volume I: Technical Report

addresses the reliability and effectiveness of advance warning signs for both moblhty and driver

safety. Driver safety is bncfly cxpresscd asa comparlson of accident rates. P
- New York _ . : S

We do not use ice detection systems to activate warning signs (too much hablhty)
- Nebraska
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We have data which indicates Mn/DOT's traffic management program has been successful in
terms of increasing motorist safety. Our studies indicate that the peak-period accident rate has
been reduced over 40% during the past five years on those freeway sections where traffic
management systems have been installed. We have not been able to differentiate to what extent
various traffic management initiatives should be attributed to this reduction in crashes, but we
think that it is primarily the ramp metering systems and, to a lesser degree, the traveler
information services and Highway Helper emergency response vehicles.

- Minnesota

Survey Question 10: Please provide any other comments or ideas you may have
concerning this or related topics. ' SRR - :

Example Responses

We would like to emphasize the success Maryland is having by developing an integrated Traffic
Management and Winter Storm Management system which allows the two programs to benefit
from each other's capabilities, We would also like to emphasize the importance of working with
the media (and planning for media interfaces) in dlssemmatmg road condition information.

- Maryland ' :

We believe strongly in early detection systems for snow and ice control. At present, we are not

comfortable with directly linking these systems to a motorist information system (variable

message signs, etc.). Instead we feel that t.ramcd staff shouid confirm and mterpret sensor data

prior to issuing pubhc adv1sor1es o : R o
- New York

Mn/DOT iutends to implement a statewide RWIS system in the next two years. We are
partnering with the Swedish National Road Administration in this effort, using their expertise as
a benchmark in our development.

- Minnesota - -

6. Motorlst Warmng System Analys:s :

Previous sections have discussed detection/prediction systems, accident analysis, RWIS traffic
flow surveillance techniques, and the real-time use of this data and information. It is clear from
all the material presented that, while much progress has been made in the areas of pavement
sensor technology, weather information data collection, and the ability to communicate this
information to selected sites (roadway agency maintenance facilities, transportation system
centers, roadway road informational services), the effectiveness of using real-time data to
inform drivers directly has not been documented (quantltatlvely) Onc potentlal method is
through the use of varlable message signs (VMS s). :

Currcnﬂy, the Michigan Manual of Uniform Traffic Control Devices (MMUTCD), as well as
the FHW A Manual, recognizes the existence of variable (changeable) message signs. However,
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the Manual has not elevated this sign type to the status of a standard traffic control device.
Currently, these signs and their application are considered to be experimental in nature. The
Manual does encourage their use and study of their benefits in an experimental mode so that,
over time, guidelines and standards can be developed. - -

Five categories for the apphcauon of real-time d1sp1ays utilizing VMS have been identified and
are listed below:

1. Traffic management and diversion which includes traffic advisories and incident
management.

2. Control at crossings, such as bridge/tunnel controls, wcxgh station control mountain pass
control and toll station control.

3. Control during construction and maintenance activities which can pr0v1de path and routing
control, warning and information and speed control.

4. Special lane use control for exclusive lanes and reversible lanes.

5. Warning of adverse weather and/or road conditions, such as high winds and thclr cffect on
hlgh trucks, fog, high water, slippery pavement and othcrs : '

For the location of this partlcular study, the westbound I—696 to southbound I-275 ramp -
connection and bridge over 1-96, category 1 (for incident management) and category 5 (for
slippery pavement) represent the objectives for improved motorist information.

Highway VMS's are traffic control devices used for traffic regulation, warning, routing, and
management and are designed to affect the behavior of motorists by providing real-time
highway-related information. The objective, of course, is to improve the efficiency and safety of
traffic flow. Indeed, the proposed MDOT S.E. Michigan ITS Deployment Program identifies -
the use of a VMS on westbound I-696 positioned about egual distance between Orchard Lake
Road and the 1-96/1-275 bifurcation. This conforms to the traditional and accepted practice of
locating VMS's that provide information to motorists in a manner that allows drivers to process
the message and to make an informed decision as to whether to select an alternative route or not.

Important considerations in successfully operating a VMS system are to maintain credibility and
the driver's faith in the system. This is extremely important because once driver confidence is
lost, even the most elaborate and costly system can quickly become an operational dilemma.
When this occurs, overall safety is decreased. In contrast to fixed-messages on regulatory,
warning, and guide signs that always apply, variable message displays elicit different driver-
expectations. Drivers expect VMS's to provide reliable, accurate and current information.

Ways that motorists may lose faith in the system include 1) displaying information too late for
drivers to make an appropriate response; 2) telling a driver something that they already know; 3)
displaying inaccurate or unreliable information; 4) presenting messages that are too long for . -
motorists to read and understand with prevailing highway speeds.

Among the critical elements in utilizing VMS's is selecting the proper location to present
information to drivers. The most critical locations are in advance of interchanges or off-ramps
where drivers can take action either in response to specific instruction displayed on the VMS, or
voluntarily. When the VMS is located beyond decision pomts, the only thmg that can be
accomphshed is to slow or stop traffic flow. :
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Based on information reviewed and collected as part of this research report, it is concluded that -
the single weakest link in achieving a complete roadway warning system (at the subject site) is
the difficulty in properly locating a VMS. Another important aspect is the content of the
displayed message. To be effective, the sign must be located some distance in advance of the
site (the bridge deck in this case). This advance distance is required to allow the driver adequate
time to read and comprehend the sign message and then to make an informed decision to do or
not to do something. ‘In the case of this study, preferential icing on the ramp bridge deck, it -
seems impossible to satisfy all system design parameters if the goal is to activate the VMS
when, in fact, preferential icing is detected. Operating under this mode (given the high ADT on
this ramip), it is highly probable that some vehicles will be located between the just-turned-on
sign and the icy bridge deck. These would be the very vehicles that would be most important
with which to communicate. ‘One possible solution is to predict ice formation before it occurs.
If the operational mode utilizes a predictive model, some portions of the roadway may vary from
clear to completely ice-covered, with a variety of possible intermediate condmons Wlth this -
range of posmbﬂmes the selectlon of thc 31gn messagc becomes critical.

The final chapter in NCHRP Report 61 titled Variable Message S:gns from which some thc
information presented in this section was found, concludes with a lengthy listing of technology -
voids associated with VMSs. The report indicate that further research is necessary to. gam a:
better understandmg of VMSs Th]S rcport concurs with that recommcndatlon -

7. FINDINGS
The purpose of this '.study was to evaluate whether a reliable and effective system could be |
found that would improve motorist safety and contain all or part of the following components;
1. Roadway ice prediction/detection |
2 Tnffiosurvellance
3 Motbﬁm wmiﬁg '(VMS compone,m of a warning system)
ThlS study was to be spccxﬁc in rcgard to 1mpr0v1ng safety on the westbound I-696 fq

southbound 1-275 ramp conncctlon, and in partlcular, the bndgc deck over I 96

An extcnswe mformatlon gathcrmg operat:lon was ndertaken mvolvmg a literature search
survey questionnaire, and i mqumes sent to both equlpmcnt manufacturers and academia to -
determine the extent of motorist wamning system activity specific to icing, traffic congestion and
crashes on public roadway networks. This section of the report presents our fmdmgs resultmg
from analy51s of thc collcctcd data as prcscntcd in thc body of ﬂ'llS report ' =
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No "roadway agency": (see definition page 6) is currently using ice detection for the automatic
activation of a site specific motorist warning system. Roadway weather information systems
with ice detection components (see definition RWIS page 6) are being used by many roadway
agencies, including MDOT, to predict potential icy conditions for the sole purpose of alerting
and scheduling of winter roadway maintenance activity.  This is being done in an attempt to help
increase both efficiency and effectiveness of winter maintenance operations through the more
timely application of de-icing or anti-icing chemicals. Out of 23 respondents, we found the |
Virginia D.Q.T. to be the sole roadway agency operating a RWIS system for monitoring
roadway surface and weather conditions for the purpose of scheduling winter maintenance
activities, and also for motorist warning, The motorist warming component of their system is
manually activated and delayed due to their operational mode which generally involves actual -
field verification of road surface conditions. Further, they have no data regarding the reliability
or effectiveness of this system as no studies have been or are currently being conducted.

We found a significant amount of data that demonstrates the effectiveness of.an RWIS system at
reducing maintenance response time and saving maintenance labor and material expenses.
Qualitative assessments from state and federal agencies were also found emphasizing the safety
benefits of the RWIS support to maintenance activities with one report concluding the
"Proactive use of ice detection and highway information systems to aid in planning winter
maintenance operations can enable more timely treatment of icing conditions and reduce the
potential for accidents by reducing the incidence of black and glaze ice pavement surface
conditions." There is, however, no site specific information or data that indicates the existence
of a motorist warning system that can prevent multi-vehicle crashes at the sub]cct locauon as a
result of icy road conditions. .

Some data is available showing the strengths and weaknesses of both components and
subsystems for ice detection purposes ( not including any motorist warning component) ,
including their accuracy and reliability. In particular, at least two states, Michigan and New
Jersey, have documented the performance of commercially-available ice detection subsystems.
The overall accuracies of the measurements were found to range in the high eighties or low
nineties, once the subsystems had been in use for a year or two (Scct:lon 5.1.5) There is some
question, however; about the method of observing the status of roadway surface conditions. The
number of observations of roadway status (clear, i ice- covered, etc.) may havc been much greater
when conditions were clear or not suitable for ice formation. This may have resulted in a higher
overall accuracy due to a higher number observations during benign conditions. The reliability
of these components seems to vary cons1dcrably, with results from d1fferent states rangmg from
a limited amount of down time to rcqumng mgmﬁcant upkccp and rcpalr

Additionally, based on the survcy rcsponscs, two states are 1nvcst1gatmg roadway hcatmg _
systems to reduce ice information on bridges, but we found no data regarding any U.S. agencies
using or evaluating chemical sprayers or other types of automatic de-icing systems.

e T e e 8 sy e e oL e e
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The effectiveness of using traffic surveillance systems to detect incidents and warn motorists-in .
time to prevent crashes has not been conclusively demonstrated. There is some quantitative data
that describes the effectweness of the traffic management systems, of which traffic surveillance
and motorist warning is one componcnt at improving motorist safety. This data, however, is not
definitive in that one case (Mn) it was not possible to separate which component of the system
contributed the most to the improved safety results and, in the other situation (NY) the results
were not entirely conclusive.

Vanable mcssage signs are commerclally available and can provide a large array of

potential messages. The use of the variable message sign component in a motorist warning
systemn has been rccognlzed by the MMUTCD as still in the developmental stage. We found no-
source of rccommendcd standards, 1nc1ud1ng the Federal Highway Administration MUTCD.
There is conscquently a lack of standards re gardmg 51gn placement and message. Addluonally, :
we were able to make no findings that any road agency is currently monitoring and collecting -
data regarding the reliability and effectiveness of sign message types and location in regard to
the use of variable message signs to warn motorists of icy road condltlons and/or vehicle
crashes.

8. CONCLUSIONS

We have concluded that, in general, and in regard to this specific location, there is currently no
operational Roadway Waming System available for advance warning to motorists of icy road
conditions or crashes meeting the performance requirements as specified in the "roadway
warning system" description. Additionally, we have concluded that it would be impossible,
without further study and testing to combine individually available technologies and component
hardware with any degree of predictability as to the reliability and effectiveness of the resulting
system. The following paragraphs detail the individual conclusion elements that have gone into
the above described overall conclusion.

Conclusion Regarding Road Ice Predicti ion

No quantitative data was found that demonstrates the effectiveness of either an automated or
manuval roadway warmning system to warn motorists of site specific icy roadway conditions,
based on road surface and/or atmospheric data. Consequently, we have concluded that there is
no ice prediction/detection subsystem that we can recommend for implementation at the subject
location as part of a motorist warning system.
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We d1d not fmd any traffic survelllance systems which were demonstrated to be, effect1ve at
providing site specific motorist warning of traffic crash occurrences. Consequently, there is no
traffic surveillance subsystem that we can recommend for implementation at the subject locatlon
as a part of a motorist- warning system for either a vehicle incident or icy road warning.

There currently is no body of standards or data from existing operational systems that would
indicate what warning messages would be effective in regard to warning motorists regarding a
site specific icy roadway condition and/or crash incident. Additionally, there currently i$ O
body.of standards or data from existing opcraﬁonal systems that would mdlc ate what 31gn _
location would be effective in displaying a. motorist warning for a site spcmﬁc icy roadway
condition and/or crash incident. Consequently, there is no sign message or location which we
can recommend for 1mplementat10n at the subject location as a part of a motonst warmng
system. - : :
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May 22,1996 -

Roadway Warnmg System
S Phase 11 Report

9. Recommendations .

Th1s section prcsents our rccommcndatlons bascd on mformatlon developed in phase one,

as follows

Since no real-time operational system for the automatic detection of preferential icing
coupled with a motorist warning has been demonstrated (quantitatively) to be
effective, as presented in the problem statement, there cannot be any recommendation
to install one at the subject location (or any other Michigan site) at this time.

MDOT should contmuc to utilize cxisting icé detection systems as an aid to winter
maintenance operations and to continue monitoring data to evaluate the accuracy,
reliability, and effectiveness of the systems. '

Develop and maintain communications with 'Vir'giniei Dé'pa'rtmcnt of Transportation
to gather additional information on their system and procedures and to track their

program and progress.

Based on potential advantages of directly informing motorists of hazardous roadway
conditions (e.g., ice or stopped/slowing traffic) in real-time or near real-time, it is

.recommended that a concurrcnt two-part plan bc Impicmentcd as follows:

A. - Initiate a simulation study utilizing test subject drivers to determine response

. toa comprehcnswe expcnmcntal study related to sign messages as a function
of variable environmental (e.g., ice conditions) and traffic flow (e.g. speed)
conditions. :

B. . Due to the nature of the elevated structure at the WB 1-696 to SB 1-275
interchange, it may not be feasible to use inductive loops beyond the entrance
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and exit ramps. Therefore, to provide traffic flow monitoring for the elevated
stretch of roadway, a video-based detection system is recommended for a
feasibility study. The feasibility study is necessary to determine the coverage
area of the ‘camera and location of the support pole for the camera. If the
system proves feasible, it can be installed in lieu of, or in addition to, the
video camera that is planned for that location as part of MDOT's ATMS
program. The video system's potential for informing motorists of traffic
conditions can then be evaluated.

Develop a warrant that identifies a variety of parameters that, when utilized by
designated MDOT professional staff, will identify whether a roadway warning
system should, or should not, be installed at a particular location {contingent upon
_the satisfactory development of a roadway warning system). Probablc parameters
would include the following:

A Single or multi-lane bridges

B. ADToverX,000

C Pcak hour volume ovcr X, 000
D. Tangent versus hori__zon_t_a_l ourvcd.bx_’idgc_
E.  Superelevated .\./c.r'sos 'ooﬁnal crown section -
F. ____Supcrclcvation_ over 0.0X
G. Number of freeze/thaw cycles (possibly dcvclop a mop .w1th iso-contours to

identify zones)
H _Acmdont history B |
L X accidents during the lastAycars R
2. Y multi-vehicle accidents during the last B years
3. Z fatalities dunng the last C years

| I ' _ _Abﬂlty 0 placc a vanablc messagc 31gn at a locatlon that will allow motorists
to 1) adjust their route; 2) adjust their spccd or, 3) both

J. Locations with insufficient stopping sight distance

K. -Bridges with spced limits greotcr than XX mi_los p_c_f hour
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Bridges with limited shoulder width

Average percentage of larger vehicles in traffic stream exceeds XX

Bndgc deck locé:_te.d ina Wéaw}ing s_écﬁon less than')__(_,:XXX feet in length

_ Bi‘i_dg_c deck w;th _ﬁ:_dOanfagl_c_:that_ c;c___cccd_s X pc_rcsnt_

Rural area versus Urban area

 Lane(s) on bridge less than 12 feet wide

Bridge deck within XXX feet of an on- or off-ramp

~ Preyious techniques ineffective (e.g. increased pavement friction, grooved

pavement).

Other
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Appendix A
ROADWAY WARNING SYSTEM SURVEY

Cover Letter

The Michigan Department of Transportation is evaluating the reliability and effectiveness of
roadway ice dctcctlon!predlcnon and motorist waming systems, as they relate to improving
motorist safety’. In particular, we are interested in the detection of preferential icing as it occurs
on bridge decks. The effect on improving maintenance response and lowering maintenance
costs, though related, is not the focus of this survey.

Midwestern Consulting, Inc. (MCI) and the Environmental Research Institute of Michigan
(ERIM) are under contract to assess the current technical and operational practices for alerting
drivers about potential or existing roadway ice conditions and the resultmg traffic flow
characteristics. -

This survey will help us determine what :tééhﬂblbgs} and pfdc':cdljrcs'hairc been applied in the
past and how successful they have been. It will also help us assess current and emerging
technologies that may result in improved motorist safety.

As a part of this effort, we would greatly appreciate your assistance in completing the following
survey. Please feel free to attach any information or reports that you believe could be useful.

If at all possible, we would greatly appreciate a response by April 15, 1995. Responses can be
mailed, faxed, or e-mailed to the address below. A representative from ERIM will be contacting
you to assist and/or clarify any of the survey questions. Thank you in advance for your time and
assistance in this important survey. To show our appreciation, everyone that responds to this
survey will receive a copy of the final report summary (expected completion date September
1995).

PLEASE RETURN COMPLETED SURVEY TO:

Mr. Peter Tchoryk, Jr.

ERIM

P.O. Box 134001

Ann Arbor, MI 48113-4001
(313) 994-1200 x2879 phone
(313) 994-0944 fax
tchoryk@erim.org

! For the purposes of this survey, reliable is defined as "giving the same accurate results after repeated trials as
measured by the ability to sense, process, comrmunicate and display data, either on the component or system level”
and effective is defined as "producing a measurable reduction in the rate of crashes, when used in relation to system
performance.”
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Respondent's Name:

Addrcss:

Tclep”honchax Numbers:
E-mail Address:

Job Title:

Brief Job Description: ...

(1. In _your state, how large of a concern is roadway 1cmg and 1ts assomated 1mpact on
motorist safety? '

e A o i A e 1 e 2t 3 et A1 1t @ e e o e e e e m o e rom e

(2). Can y(iu pmvidé data on the number of ice-related incidents over the past 5 yeérs‘f
Please state in terms of: (1) fataht:es, Q)i mjtmes, (3) yroperty loss, and (4) frequency, lf
poss:ble

(3). What has been done or is currently being done in your state to aid in the detection Of
ice conditions, prediction of possible ice fcnnatmn, andlor warnmg of mutonsts asit .
relates to 3mprovmg motorist safety'? e : e . .

(4). What is your perception of how ice detectlonlpredlctlon and warmng systems could_ -
lmpact motorist safety‘? : : EETEN e e

(5). What has been done or is currently being done in your state with regard to sensing,
automated incident detection, and motorist warning of slowing/stopped traffic flow? . =

(6). Please place a check mark in the appropriate column(s) if any of the devnces or
procedures listed in the followmg table are: e :

© in operation or in the process of bemg implemented
© being field-tested to determine operational feasibility
© being studied or analyzed
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Devices and Procedures ~ Operational | Field Tested Studied

Surface/subsurface sensors which monitor pavement
temperature and surface conditions, including pres-
ence of ice, frost, water, snow or chemical concentra-
tion

Atmospheric sensors which monitor air temperature,
dew point, relative humidity, precipitation, wind
direction, and wind speed (i.e., Road Weather Infor-
mation Systems - RWIS)

Areafremote sensors {e.g., infrared, microwave, ot
laser) which monitor roadway surface conditions,
including presence of ice, frost, water, snow, efc.

analyzing road condmons and trafﬁc ﬂow for pUSSl-
ble ice condmons o

Traffic flow sensors used in conjunction with ice
= detection sensors for monitoring traffic flow condi-
uons (siome/stopped l:rafﬂc)

Closed Circuit TV (CCTV) for monitoring and/or 'l

Trafﬁc ﬂow sensors used for mmdent detecuon (not 1.
restricted to ice-related incident detection)

Communications infrastructure to allow transmission
of sensor data (surface sensors, atmospheric sensors,
video, etc,) to a central control facility

' Any procedures (automated or manual) that utilize
this data to predict the formation of ice and/or detect
the presence of ice

Driver information systems (e.g., variable message
signs) that provide motorist warnings of existing ot
possible ice conditions and/or resulting traffic imped-
iments

For each item .check-ma.rkéd m .:th..é.:tabl_e_, ple_é:ée provide the fdlldwing details, 1f zipplicable
(feel free to attach additional pages if necessary):

» Locations of systems (in particular, please identify the locations of any systems intended -
for a bridge or bridge ramp). Include a description of the climate, significant weather
events, geography of the area, and roadway geometry, if notable. .




81

- o Operational status {date of implementation or planned implementation; number of
systems involved)

¢ Type of equipment (include names of vendors, if available)

= Data or results indicating the reliability and/or effectiveness of the systems, such as
before/after comparisons (please attach information or include references to reports
and/or recommendations, if available) :

(7). Please describe your agency's snow and ice control policy (maintéhance)_and how it
involves the use of ice detection/warning systems, if applicable. L

(8). Do you have access to data, not necessarily specific to ice detection, but that describes
the reliability or effectiveness of driver warning systems in terms of motorist safety (in_
particular, warning drivers of dynamic conditions on a real-time basis)?

(9). Are you aware of any studies recommending the optimum placement of varlable _ o
message/warning signs? L

(10). Please provide any other comments or ideas you may have concerning this or
related topics.
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Survey Respondents Address List

Alaska

Mal Linthwaite, P.E.

Director & Deputy Chief Engineer
3132 Channel Drive, Rm 105
Juneau, AK 99801-7898
Phone: 9G7/465-2960

Fax: 907/465-2460

Colorado =~
Dave Woodham
Professional Engineer I
George Demos’
Engineer Intern

4201 E. Arkansas Ave.
Denver, CO 80222
Phone; 303/757-9967
Fax: 303/757-9219

Connecticut

Louis R. Malerba

Transportation Maintenance Administrator
2800 Berlin Turnpike

P.O. Box 317546

Newington, CT 06131-7546

Phone: 203/594-2604

Fax: 203/5942655

Deleware

William E. Thatcher

Expressways Operation Superintendent
1200 Whitaker Rd.

Newark, DE 19702

Phone; 302/368-6866

Fax: 302/368-6940

New York

Joseph F. Doherty

Program Manager for Snow & Ice Control
NYS Dot, Transportation Maintenance Division
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12220 Washington Avenue
Albany, NY 12232-0337
Phone: 518/485-7271

Fax: 518/457-4203

Hlinois

Dennis H. File

Services Engineer

2300 S. Dirksen Parkway
Springfield, IL 62764
Phone: 217/782-7228
Fax: 217/782-1927

Iowa :

Thomas J. Donahey
Maintenance Programs Engineer
800 Lincoln Way
Ames, IA 50010
Phone: 515/239-1388

Fax: 515/239-1005

Kansas

Dean A. Steward, P.E.

Field Maintenance Engineer

Kansas Department of Transportation
Bureau of Construction & Maintenance
8th Floor Docking State Office Bldg
Topeka, KS 66612-1568

Phone: 913/296-3576

Fax: 913/296-6944

Maryland

Mr. Gail A. Courtney
7491 Connelley Drive
Hanover, MD 21076
Phone: 410/582-5505
Fax: 410/582-9861

Missouri

Craig Taykowski, P.E.
Field Liaison Engineer
P.O. Box 270
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Jefferson City, MO 65102
Phone: 314/526-1759
Fax: 314/526-4868

Montana

Pierre A. Jomini

2701 Prospect Ave.
P.O. Box 201001
Helena, MT 59620-1001
Phone: 406/444-6113
Fax: 406/444-7635

Nebraska

Robert Simaro

Signal Engineer

1500 N.E. Highway 2
P.O. Box 94759
Lincoln, NE 68509
Phone: 402/479-4594
Fax: 402/479-4325

New Brunswick
Emilia Rodrigues
Director, Maintenance & Traffice
P.O. Box 6000
Fredericton, NB
E3B 5H1
Phone: 505/453-2600
/453-2213
Fax: 506/457-7278

N. Carolina

Greg A. Fuller

Traffic Management Systems Engineer
P.O. Box 25201

Raleigh, NC 27611-5201

Phone: 919/733-3915

Fax: 919/715-0955

Pennsylvania
Amar Bhajandas
Maintenance Division Chief
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Pennsylvania Department of Transportation
Bureau of Maintenance & Operations
Harrisburg, PA 17120

Phone: 717/787-6226

Fax: 717/787-7839

~ Saskatchewan

Ron Hastings

Maintenance Analyst

Saskatchewan Highways & Transportation
1855 Victoria Ave. 9th Floor

Regina, Saskatchewan, Canada

S4P 3V5

Phone: 306/787-4833

Fax: 306/787-4836

S. Carolina

Max H. Young

Assistant Administrator
Office of Safety and Grants
5400 Broad River Road
Columbia, SC 29210-4088
Phone: {803) 896-8387
Fax: -8393

Tennessee

C. Alan Pinson

Operations Specialist Supervisor Il
400 James K. Polk Building
Nashville, TN 37243-0333

Phone: 615/741-2027

Fax: 615/741-3169

Texas

Andy Travaglini

Texas Department of Transportation
Construction & Maintenance Division
200 E. Riverside Avenue

Austin, TX 78704
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Yermont

Milan W. Lawson, P.E.
Maintenance Engineer

Vermont Agency of Transportation
133 State St.

Montpelier, VT 05633

Phone: 802/828-2587

Fax: 802/828-2848

Virginia

Steven M. Mondul

Director, Emergency Operations
Commonwealth of Virginia
Department of Transportation
1401 East Broad Street
Richmond, VA 23219-1939
Phone: 804/371-0890

Fax: 804/225-4979

W, Virginia

Cindy Cramer

Safety Management Engineer

Traffic Engineering

W. Virginia Division of Highways
Capitol Complex Building 5, Rm A-550
1900 Kanawha Boulevard, East
Charleston, WV 25305

Phone: 304/558-3063

Fax: 304/558-1209

Wyoming

John Cometto

Maintenance Staff Engineer
P.O. Box 1708

Cheyenne, WY 82003-1708
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Appendix C
Survey Responses

(2). Can you provide data on the number of ice-related incidents over the past 5 yeérs"
Please state in terms of: (1) fatalities, (2) injuries, (3) property loss, and (4) frequency, it
possible.

Vit g;ma

No direct data available. I would judge that when ice events occur (4-5 tlmcs/yr) we have over :
150 incidents/day. Fatalities are rare. Most damage is of the “fcnder bcndcr vancty

Maryland

A tabular response was provided.
No. The current State Accident Surveillance System (SAS) identifies snow & ice accidents only.

Nebraska

Not availab}e.

Minn
A tabular response was provided. This includes accident mfonnatlon for all roads in Minnesota
(125,000 mile system). R

Fatalities Injuries Total Accidents
1993 2 126 401 "
1992 2 55 122
1991 1 48 138
1990 1 0 10
1989 5 435 1466
North Carolina

Ice Related Crashes in NC 1990-1994
Total number of persons killed 67
Total number of persons injured 5,800
Total number of PDO crashes 7,103
Total number of ice related crashes 11,120
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MDT (Montana Department of Transportation) has no database with information on ice-related
incidents. For 1993, the followmg 1nvcst1gated traffic accident data with icy, road surface
conditions are available:. - o : : -
9 fatal traffice accidents.
900 injury accidents, and
2,983 Property Damage Only (PDO) accidents
i.e. 3,892 investigated traffice accidents out of 18,839.
For the analyses of safety improvements, MDT uses costs of -
$500,000 per fatal accident. .
$11,000 per injury accident, and
$2,000 per PDO accident.
This yields accident costs on icy roads in 1993 in the order of 20 million dollars.

Data collected on accidents during the winter season is not provided for any particular weather

condition. We do know that many accidents are due to ice related roads.

During the 5-yr period between 1989-1993, there were 437.3 billion vehicle miles of travel on
PA roadways, and the following ice-related and snow-related accidents and statistics:

Icc—rélatéd Snow-rélated

Fatal accidents 195 221
Injury accidents 15,826 16,359
PDO accidents 13,135 14,581
Persons killed 217 L 212
Persons injured 22,985 . 24,364
Accidents/100 MVM 6.7 7.1.
Kansas

No.

Connecticut

Information not available,

lowa
We do not collect this data.
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W. Vireini
6 YRS Snow & Ice Related Accidents

Year - Occurrences % Total Acc, - = : S ;
1994 4410 9,93
1993 3695 6.99 : -

1992 3491 . 6.56

1991 2332 4.64

1990 2573 4,84

1989 5438 9.79

Additicnal data breakdowns are not available.

Colorado

A tabular respense was provided.

A tabular response was provided. g T R

Texas

The data for ice-related incidents over the past 5 years can be retnevcd from the Traffic
Operations Division at (512) 416- 31 18 : R I

Year Fatalities Injuries Property Total

1992 8 795 842 crashes 19.6% TR
1991 12 o 51 -+ . 804 crashes . - 167%. . . -

This is the only published data available. - - TR . L

linoi

No.

New Brunswick

A lengthy descriptive response was provided. ..

Not kept in this format, -
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Saskatchewan '
Our accidents category is Packed Snow/Ice. Some of the accidents may have been on packcd
snow. :

The 5 yr total is:
1. Fatalities 34
2. Injuries 1100

3. Property loss 3458

Mi :

Not available.

Tennessee

Not available.

(3). What has been done or is currently being done in your state to aid in the detection of
ice conditions, prediction of possible ice formation, and/or warning of motorists, as it -
relates to improving motorist safety?

We have an installed RWIS (SSI, Inc.) as well as 24 hour EOL which monitors all weather -

sources. Information is transmitted to motorists by our "highway Helpline” (toll-free 1-800-
367-ROAD), the media, H.A.R. and V.M. S

Maryland

Currently, we have 4 locations with 14 pavement sensors which provided real time data of
pavement conditions. A winter season pavement temperature and precipitation forecasting
service is used in conjunction with the real time data. We foresee in the near future the ability
to update Variable Message Signs (VMS) by computer to have traveler warnings based on ...+
sensor data .

We begin by making extensive use of weather forecasting and storm tracking systems which are
available. (e.g., The Weather Channel, Accu-weather, Storm-Track, SSIYWSI, Kavouras, DTN,
WSC, etc.) We also have extensive interstate and intrastate communications networks to give -
early warning of storm conditions. Finally, we have begun installing Road Weather Information
Systems to provide site specific, real time weather and pavement condition information. Use of
message signs and radio/tv announcements are selectively available.

Nebraska

Scan system by surface systems installed in 3 locations.
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Minnesota

Mn/DOT presently has 16 RWIS reading stations, located generally in two areas - Duluth and - -

_ Minne'apo'lisIS_t. Paul. These are not integrated into a centralized system. Most areas rely on -
weather forecasts and observations to detect slippery road conditions. Road conditions:. -
information is provided to motorists through telephone systems and media, -

South Carolina

We have weather monitoring stations with pavement sensors at strategic locations in the areas of ©
the State with colder weather. ‘They are not related to any warning devices to motorists. The. - -
SCDOT does, however, erect a "Bridge Ices Before Road" sign.” This sign is intended for use to -

warn motorists that icy conditions may occur on the bridge where such a condition does not

exist on the adjacent roadway. The sign should be displayed on the righthand side of the road o

and on d1v1dcd roadways an addltlonal mstallatlon may be used in the medlan

North Carolina

Currently, NC has no method to aid in the detection of ice conditions or the prediction of -

possible ice formation (aside from weather forecasts).- 'I‘hc only wammg we current]y deploy is
"Brldgc Ices Bcforc Roadway" (W 1712) 31gn e ¥ :

The MDT has installed 13 remote weather information systems(RWIS). They assist mainte-
nance personnel select when ice is forming on the roadway and determine the de-icing strategy. -
In terms of motorist warning, MDT has installed signing. "Watch for Ice on Bridge". In collabo-;
ration with the Montana Broadcasters Association, NDT has installed Radio Information
Signing on the major highways, as per MUTCD Section 2F-36. These signs give radio
frequencies. The radio stations have agreed to give periodic weather warnings at no more than .
15 minute intervals, during periods of adverse weather, and road condition information affecting

the roadway being traveled once every half hour when required. MDT is investigating the use

of variable message signs to alert motorists of hazardous conditions.

We are presently using vehicle mounted portable road temperature sensors to monitor road
temperature. The use of highway advisory radio has been helpful to warn the public.

Pennsylvania has installed Roadway Weather Monitoring Information Systems at locations -
throughout the state to prowdc SNOW and ice dctect:lon Those sites are expemmental and are.
being evaluated. : -
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Kansas

Pavement sensors on bridge decks and pavement surfaces, and weather forecasts. The most
effective so far is the close watch our maintenance supervisors and superintendents keep on
pavement and weather.

- We have two twenty-four hour Operations Centers cquippcd with cameras and radar detectors

to monitor traffic flows and speeds. We rely heavily on various weather services, storm .
monitors and field personnel to provide updates. - A Road Weather Information System is in thc :
planmng stagc

Recently, the Division of Highways (DOH) installed an RWIS on abridge with a demonstrated
icing problem. The DOH is evaluating its effectiveness in the decision making process, -

Towa has started a 3 yr,.5 million dollar project of installing a Road Weather Information System
consisting of 47 Remote Processing Units providing information to all Highway Supervisors.

Colorado is investing in the Road Weather Information System (RWIS). There are over 30
stations in Colorado with 11 stations in the Metro Denver area. The system provides roadway -
temperature predictions based on subgrade temperature and weather predictions, and is used to
effectively mobilize de-icing and snow removal operations.

Road weather information system has been in place since 1990. The system is expanded yearly.
Road and travel info has been provided to the motoring public for 20+ years. . . -

Currently, the use of electrical warming devices in bridge decks is being researched. However,
at this time we use traditional sanding;_ clearing, signs, and _digital;waming signs. . .

Yermont

No action at this time.

Tllinois has installed a Roadway Weather Information System by a competitively bid contract
with Surface Systems, Inc. in two northernmost districts. Illinois plans to expand the RWIS to .
include the central part of the state over the next two years. The district office responsible for
the Chicago area has installed Viasala sensors for ice detection at three sites for the "gates” for
the reversible lanes on the Kennedy Expressway in addition to eight SSI sites.
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New Brunswick

We have not yet utilized any remote sensing devices or variable signage. We do sign bridges
"Bridges Freeze Before Roads." We have had Environment Canada develop local forecasts and -
weather graphs similar to many aspects of an RWIS, We are contmumg to try and obtain better .
predictions of weather. :

Nothing - no major research. Use variable message signs for advising motorists of maintenance
observations.

Operate a province wide "hotline" service throughout the winter to provide the publicona 24
hour basis with accurate and timely information on driving conditions. The informationis - -
available by phone. Also provide the media with bulletins on adverse driving conditions.

Early detection is done by sending out patrols to observe bridge decks and roadways when - - ;5
conditions are such that icing may occur. No measures are taken to wam motorists. - !

Tennessee
Tennessee contracts with a private weather forecaster for speuﬁc weather forecasts We also. -
have a wcathcr data 1-800 number which is updatcd frcquently :

(4). What is your perception of how ice detection/prediction and warning systems could
1mpact motonst safety" :

Virein _
Where such warning systems can be specific and creditable: considerably. Generahzed cautions
seem not to be tcrnbly cffectlve

The information received from sensors is used to place traveler warnings on VMS and the
Traveler's Advisory Radio, which serve to enhance public safety. Alerting motorists priorto. ..
entering an area with possible icing conditions is probably the best way to give immediate .- .
warning. These real time condition warning systems are also used for winter operations, giving

the ability to direct crews to areas with ice warnings as conditions occur, improving the overall
efficiency of winter operations. :
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We feel there is a very large potential safety benefits that can be realized from developing ice

detection/prediction and warning systems. For this reason, we have a long term plan to invest:

several million dollars in developing this capability. :
Nebraska

Provides current roadway conditions to maintenance people.

Minpesota

Localized, real-time road condition information and reliable forecast of slippery conditions will

change the decisions made by supervisors; becoming more proactive and less reactive. This will

result in changes to methods, equipment, and matcrlals and will glvc the motorist a bettcr
product - a road surface with friction. : . S o

Improvements in detection and warmng devices w111 reduce the chances for motorists' involve-
ment in collisions.

Based on the accuracy and overall success of the original RWIS Sites, MDT is implementing a
statewide RWIS Plan. The plan will include installation of 47 (additional) sites MDT believes
the RWIS provide maintenance personnel timely information to determine the best de-icing
strategy.

Del T
We believe that early detection and reaction to winter ice conditions would bc a posztlve unpact
on motorlst safety

PA anticipates the use of these systems will help in managing the state's winter operatlons
program and prowde for motonst safety :

System could unpact safety 1f used wherc uncxpected 1c1ng occurs. thrc 1t abmptly occurs -
after a strctch of dry or wet pavcmcnt EEETRE : S - :

Ice detection/prediction and warning systems could enhance motorist safety by giving mainte-
nance personnel the ability to take action prior to the condition rather than reaction to it (anti-
icing vs. de-icing).
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W. Virein;

Warning systems could have substantial impacts on motorist safety when used properly. The
combination of RWIS technology with a variable message sign can provide motorists with
timely information on road conditions.

lowa

The Highway Supervisor will be able to detect and treat snow and ice conditions gquicker which -

will reduce the time the roads are not normal because of snow and ice.. Knowing pavement .
condition will aid the supervisors in snow and ice decisions. - :

Colorado

Improves motorist safety by providing timely response of snow removal opcratlons, reduces
labor and material usage during de-icing operations. - - 2

Wyomiog
Canbea s;gmﬁcant tool in advising motoring publlc by forccasts pubhc broadcast, radio
notices and telephone messaging. - _

Texas
Ice detection, prediction, and warning systems could save hvcs, insurance claims, and fmanmal
losses to thc travchng pubhc : : : x

Yermont

it would be helpful and might improve motorist safety.

If the geographic sites where the ice occurs are so unique they may be the first and/or oply -
places where ice occurs, the investment may be warranted. As an agency responsible for very
large geographical areas, we are proactive and rely on forecasts and RWIS real time data to. .
determine critical-ness. Timeliness is most important. Crews are expected to be on sites before
snow and ice occur. Crews tend to know where to go first through experience.

Because of our low AADT these systems do not seem to be economically feasible at this time in
our area.

Alaska
Could provide a great service.

The use of an early warning system that would allow our staff to treat icing condition prior to .
icing or at the time of icing would greatly reduce the ice related accidents.
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Mi i

They can only be effective if motorists pay attention to the warnings. -

Tennessee

A good system should impact motorist safety in the following ways:
Better performance by state forces

Better information provided to travelmg pubhc

Proper detour development RNt

More economical ice and snow removal -+

(5). What has been done or is currently being done in your state with regard to sensing,
automated incident detection, and motorist warning of slowing/stopped traffic flow?

Virgini

We have a pllot project on Intelligent Highways for-automated detcctlon!warmng commcncmg _
next FY. All other systems in effect are essentially manual. o : :

Maryland

We are currently deploying a comprehensive traffic management system which will integrate
both snow/ice operations and traffic management/information systems. ‘The field elements of
this system include 27 loops (for speed, occupancy, headway and volume), 96 wide beam radar
traffic sensors (speed only), 21 closed circuit television cameras, 40 VMS, and 24 Traveler
Advisory Radios (on 530 and 1610 AM). : :

New York :
A number of incident detection, motorist warning and mobility projects have been initiated in -
the state; the most notable is documented in FHWA-RD-91-075, Janvary 1992, INFORM
EVALUATION Volume I: Technical Report. That publication presents some of the mobility. -
and safety benefits that have been associated with early detection and warning systems. - -
Highway systems with similar components-and /or functions are anticipated for the future.

Nebraska
Nothing.

Minnesota
Information from Mn/DOT's Traffic Management Center:

We no longer use an automated incident detection algorithm, as this has been made obsolete by
the proliferation of cellular phone calls reporting incidents. We are cooperating with FHWA on
a research project to mvcstlgate the 1ntcgrat10n of automated 1nc1dcnt dctcctlon with cellular
calls. - :
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To warn motorists of slowing/stopped traffic flow conditions we use changeable message signs, -
portable changeable message signs, a metro area highway advisory radio program (a partnership
with a public radio station on KBEM FM, 88.5 FM), and a cable tv traffic channel. We are also
involved in several ITS operations tests to evaluate innovative concepts for traveler information.

We have currently two congestion management studies underway (in Charleston and in
Greenville/Spartanburg) which address incident management techniques such as incident
detection, verification, response, removal , traffic management, and information to motorists. -

Video surveillance. VMS to warn motorists of traffic status,

Montana :
Use of RWIS. -~ . -

Delaware : .
We are considering the use of road sensors to momtor pavcment temperaturcs and chemwal
concentration. s

PA has installed CCTV on I-95 in the Philadelphia area. The traffic control center is manned
during peak travel periods.

Kansas
Nothing.

The two Operations Centers have access to approxxmatcly 75 vanable messagc mgns to advise
motorists. : P e

W. Vireinia -
Currently, no projects of this type are being developed. - -
Iowa

Changeable Message Signs are being used.

Automated incident detection is currently being investigated and developed along I-25 through
the City of Colorado Springs (See attached article from the Mar 1995 issue of the I'TE Journal).
The Interstate Highway ramp metering system is also being expanded (to subsequently support
incident detection) in the Metro Denver area. A fully automated incident detection system is
operational in the Hanging Lake Tunnels on I-70 in Glenwood Canyon.
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Wyoming

Nothing formally in effect. Traffic volumes are relatively light. - -

The state of Texas has built an IVHS system in the city of San Antonio with minimal sensing
devices, full automation detection, and traffic flow controlimg This proto—type may be
1mplemcntcd statcw1de in all urban areas once complctcd .

Vermont Agency of Transportation installed a pcrmanent variable message sign on I-89, north
bound, advising of road/traffic conditions. The sign is telephone/computer actuated. and is -
located at the highest 3 mile accident location on I-89 in Central Vermont.

With the responsibility for 45,000 lane miles of state maintained roads, we believe sensing,
automated incident detection and motorist warning of slowing/stopped traffic flow is economi-
cally infeasible on any roadways except the expressways in Chicago. (E.g. 200,000 ADT's). On
those expressways an extensive surveillance, communications and traffic control system has

~ been developed and installed for several years.

New Brupswick

See number 3.

Alaska
Nothing.

Saskatchewan

Have done very little in the way of Road Weather Information Systems. We still rely on our .
maintenance staff for providing road condition. - This past year we started looking at a valuc- L
added meteorologlca] service for weather forecasting. a

Mi . S
Nothing is being done at this point with regard to sensing and warning in icing situations. We
do use changeable message boards to warn motorists of slowed/stopped traffic in construction
ZOnes.

Tennessee
TN only has the 1-800 weather data phone system.
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For each item check-marked in the table, please provide the following details, if apphcable
(feel free to attach additional pages if necessary):

¢ Locations of systems (m particular, please identify the locations of any systems intended for a-
bridge or bridge ramp). Include a description of the climate, significant weather events,
geography of the area, and roadway geometry, if notable.

Regions 1 and 4 include bridges. Climate, geography and road geometries vary.

Connecticut
1-95, Route 8; I-84; 1-91

« Operational-status (date of implementation or planned implementation; number of systems
involved)

Vireini

A lengthy descriptive response was provided.

Two regions fully operational, 2 regions partially operational. Four more regions in the
advanct_ad planning stages. -

Kansas - _
Implemented in 1989 4() KDOT RPU sﬁcs statew1de Turnplkf: has 10 cities; countxcs havc an
cstn'natcd 1() e S : o : -

1-84/1-91 (1993)

1-95 (1994/1995)

CCTV Cameras : : '
VMS - Daktronics, Flip-Disc & LED
WHELAN Radar Detectors

 Type of equipment (include names of vendors, if available)

New York

Surface Systems, Inc. is vendor for all regions noted.

Montana
Surface Systems, Inc.
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< Data or results indicating the reliability and/or cffcctwcness of thc systcms, such as be-
fore/after comparisons. : L

Only region 4 has detailed historical data. Contact Gene Taille at 716/733-5548.

Kansas

Mixed opinion on cost effectiveness. No hard data.

Connecticut
Before/after studies will be done.

Maryland

A lengthy descriptive response was provided.

: .
All bridge locations. 1 on US-275 by Valley, 2 on I-80 at Shelton and Grand Island. Scan
Systems.

Minnesota

A lengthy descriptive response was provided.

Item 2. As far as atmospheric sensors are concerned, there is a fog monitoring system at the
Cooper River Bridge over I-526 in Charleston, SC. The department installed this system to
warn motorists of foggy conditions at the river crossing. The system consists of closed circuit
TVs, variable message signs, fog detectors, weather instruments, lighted pavement markings,
street lights, and an operator alert system. Once the central system detects fog, it will activate a
warning system in the control center, and the control center will make appropriate response.
There are no beforefafter studies available as of this date. ftem 4. There is CCTV for monitor-
ing road conditions at the Cooper River Bridge over US 17 in Charleston. This surveillance unit
includes five cameras, each of which is mounted to permit the observation of traffic by means of
monitors. There are no before/after studies available as of this date. - :

W. Virgini
Location: I-79 Kanawha County & Little Sandy Bridges

Geometry: 2 Parallel 1,000 Ft. Bridges. : 3.5 degree left hand horizontal curve... 5% sage vertical
curve. Receives little direct sunlight during winter months.

Climate: typical of region. e
Equipment: remote processing unit with 1 sub-surface and 3 surface sensors. Atmosphenc
sensors and a precipitation classifier are part of the system.

Data: (None available. RWIS only operational during 1 winter month).
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Colorado

A lengthy descriptive response was provided.

Texas

A tabular response was provided.

Ilinoi

A lengthy descriptive response was provided.

(7). Please describe your agency's snow and ice control policy (maintenance) and how 1t
involves the use of ice detection/warning systems, if applicable.

Vieini

We have a clear pavement policy (all major routes to be clear within 24 hours of a storm) Ice
detection is not d1rcctly connected to thlS, though icy patches wﬂl be treated 'as soon as -
poss1blc ' o =

Maryland

The Maryland State Highway Administration has a bare pavement policy. When roadway
accumulation is 1-2 inches, plowing begins with application of chemicals and abrasives, and thc
pavement is kept as close to bare as possible. This continues until the end of the storm. Use of
pavement sensors aids in the decision of when to reapply chemicals to critical areas.

A lenghty response was provided on snow and ice maintenance guidelines. An ice detec-
tion/warning systems policy is under development. -

Nebraska

Nebraska has a bare pavement policy. The systems monitor icing conditions and salt levels. -

Minnesota

Maintenance snow and ice operations in M/DOT are decentralized to eight districts. There-. .
fore, the procedures to implement the policy (attached} vary somewhat. ‘The Metro (Minneapo-
lis/St. Paul) area has personnel on duty 24 hours a day during the winter season (Nov 1 - April
15) to observe and confirm roadway conditions and to respond as needed. Outstate locations. -
may have people on duty for less hours and rely on the State-Patrol for observations at other-
times (nights and weekends). All areas have access to various forms of weather forecasts
(NWS, media or customized) that are used to schedule personnel and plan the methods uscd
Weather radar is also utilized where available, Mn/DOT has 16 RWIS stations (Mctro and -
Duluth) that provide real-time information. :

;
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South Carolina

The Department currently uses weather forecast instruments which communicates with
computers via modems. Upon detecting conditions which may cause icing of roads and/or
bridges the system warns the operators of the conditions so that appropriate steps can be taken.

North Carolina

No current policy. DOT does scrape, salt, and sand major roadways during ice conditions.

Montana
Since de-icers and RWIS systcms are new to the MDT prcscnt pohcy 18 currcntly under review

Delaware :
It is our policy to provide a bare pavement to motorists for safe passage along the interstate. We. .
react to most winter weather before it becomes a problem. Our salt trucks are in operation -
before the start of most storms. We continue to monitor the storm with our portable road
sensors.

To date, they have not been interpreted. - -

Kansas _ . _ : —
Removal is by priority based on AADT; we use the sensor data as additional information to the
supervisors and superintendents observations plus forecasts. L -

C .
A lengthy descriptive response was provided.

W. Virgini B

Use of chemicals and abrasives to achieve the end results of clear pavement.
A lengthy descriptive response was provided. -

A lengthy descriptive response was provided:. -

RWIS is used to deploy maintenance forces and to react prcdlcaons of ice andlor SNOW.
Pretreatment, treatment, or plowing are done as necessary. : :
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Texas . _
The state of Texas has a snow and ice control pohcy Early warmng systems use the tradltlonal :
signs or digital signs. R : : . i o

Yermont

Vermont Agency of Transportation does not use any ice detection/warning systems. We use
infrared pavement tempcrature sensors to help us with salt apphcatlon rates, but not for ice..
detection, - ST o : . _ o _

Tlinoi

A lengthy descriptive response was provided. : -

We have a 3 level of service policy depending on trafflc and road class barc full w1dth bare
centre strlp, SHOW- packcd No ice dctccuon systcms uscd - :

Ice detection not used - no 'bare roads’ policy - 50% of maintenance and operations budget spent
on snow and ice control. -

Saskatchewan

Our snow and ice removal policy is still in the react to the condition as soon as possible state.

. .
Missouri's policy is to remove snow and provide skid protection as necessary on all state
maintained routes as rapidly as possible and insofar as available manpower and equipment will.
permit. This policy does not involve nor utilize ice detection/warning systems.

Tennessee

Tennessee has a bare pavement policy.

(8). Do you have access to data, not necessarily specific to ice detection, but that describes
the reliability or effectiveness of driver warning systems in terms of motorist safety (m
particular, warning drivers of dynamic conditions on a real-time basis)? -

Viceini
No.

Maryland

We are not aware of any data/studies providing this information.




104

FHW A-RD-91-075, January 1992, INFORM EVALUATION Voelume I: Technical Report
addresses the reliability and effectiveness of advance warning signs for both mobility and driver
safety. Driver safety is briefly expressed as a comparison of accident rates.

. Nebraska

We do not use ice detection systems to activate warning signs (too much liability).

We have data which indicates Mn/DOT's traffic management program has been successful in -
terms of increasing motorist safety. Qur studies indicate that the peak-period accident rate has
been reduced over 40% during the past five years on those freeway sections where traffic .
management systems have been installed. ‘'We have not been able to differentiate to what extent -
various traffic management initiatives should be attributed to this reduction in accidents, but we
think that it is primarily the ramp metering systems and, to a lesser degree, the traveler mforma—
t10n scrv1ces and nghway Helpcr cmergency rcsponsc vehicles. -

,SQuLh_Cam]ina
The SC Department of Transportation (SCDOT) has the responsibility for thls area. Any data of
this nature is not readily avallablc

Montana
No. |
Delaware
No.
Pennsylvania
No.

Kansas
No.

Connecticut
No.

W. Virgini
No.

lowa
No.
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No.
No.

No. =

We do not have any data available for ice detection at this time.

New Brunswick

Yes, our library has some information.

(9). Are you aware of any studies recommending the optimmum placement of variable
message/warning signs?

Vireini
Yes. VA Traffic Research Advisory Committee report of Nov. 16, 1994. Also Highway

Advisory Radio. Contact: Transportation Research Council, 530 Edgemont Rd., Charlottesville,
VA 22909 s

Maryland

A reference list was provided. Additionally, Wyoming prepared a study titled "Motorist
Information Needs and Changeable Messages for Adverse Winter Travel” in July 1992,
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New York
NYS Manual of Uniform Traffic Control Devices, section 230.2 addresses the appropriate

placement of advance warning signs based on 85 percentile speeds. Virginia Transportation
Research Council, Final Report, "Development of Manuals for the Effective Use of Variable
Message Signs" presents additional issues (message content, text, readable distance) associated
with variable message signs.

Nebraska
No.

Minnesota

The most comprehensive studies on changeable message signs have been conducted by the
Texas Transportation Institute under sponsorship of the Federal Highway Administration, There
are a series of reports that summarize this research, and these reports should be available via
contacting either FHWA or TTL, Dr. Conrad Dudek of TT1 has been the principal i mvcstlgator
on most of these projects.

South Carolina

No studies are underway in SC that we are aware of.
North Carolina

No.

Montana

Dr. Jonathan Upchurch, Arizona State University, did research on the lcglblhty of variable
message signs. .

Delaware
Pennsylvania
No.

No.
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. . : o
Virginia Department of Transportation
1-95 Corridor Coalition

-_'_..._. o
N! O.W uur O

| Iowa
No.

Yes. "Guidelines on the Use: and Operatmn of Changeablc Messagc Slgns Texas Transporta- -
tion Institute Research Report 1232-9.- ' S

Wyoming
No.
Texas

We have had informal studies on the optimum placement of variable message signs.

Yermont
No.

Hlkinok
No._ '

New Brunswick
No.

Alaska
No.

Saskatcl
No.

Mi .
No. -

Tennessee
No.
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(10). Please provide any other comments or ideas you :may have concerning this or related
topics. o .

Maryland
We would like to emphasize the success Maryland is having by developing an integrated Traffic

Management and Winter Storm Management system which allows the two programs to benefit
from each other's capabilities. We would also like to emphasize the importance of working with
the media (and planning for media interfaces) in disseminating road condition information.

New York

We believe strongly in early detection systems for snow and ice control. At present, we are not.
comfortable with directly linking these systems to a motorist information system (variable
message signs, etc.). Instead we feel that trained staff should confirm and interpret sensor data
prior to issuing public advisories.

Minnesota :

Mn/DOT intends to implement a statewide RWIS system in the next two years. We are
partnering with the Swedish National Road Admmlstranon in this effort usmg their expertise as
a benchmark in our development. - -

Montana
MDT has a project looking at possibly heating a bridge deck on the Interstate System.

Kansas

I suggest input from management, headquarters, field equipment operators, supervisors and
superintendents. Field input is critical. They should be used on a committee for any agency that
is considering new or different technology. e

Wyoming

The Wyoming system map is attached for information.

Texas

Any further information may be solicited by the use of our phone directory attached for your
convenience.

In our province we will probably go with a value-added meteorological service for weather
forecasting before proceeding with a full RWIS.
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Table A-1. Traflic Delecior Technoiogy Comperieon Matrix (conlinued)

Type Observabloe klnalallat!on '_Eocallon ___Advantages _Disadvanlages Rellablilty
Aciive IR «Count Overtheadorlo | Freeways and | <Same as for Passive | «Same as for Passive | *Moderale
(Non-imaging) { -Presence side of roadway { surface n : IR (except cooled IR | {eslimate)

«Occupancy siraols detector nol ;
*Range - — required) - .
Acoustic «Count Overhead orfo | Freeways and | -Easy lo Install and +Signal processing | *Moderale
(Audible «Prasence side of roadway | surface thalntaln from amay req'd lo {estimate)
frequency +Occupancy stroels «Surface mounling remove gxtraneous
range). sSpeed with oplion In the fulure sounds and Identlly
; —riltiple detec- *May allow accidents vehicle - )
‘tlon zones and and criime reporis lo | *Focusing dsleclor
“glgnal process'g ba heard 1 _on area of Inlerest o
Ultrasonic «Count . Most accurale Freeways and | Compact slze *Accuracy ks *High -
sProsence’ i when mounled surface «No lralllc iInlerruption | atlected by - {eclimale)
*QOccupancy overhead elroals for Installation and varations inak’ - .
*Spesd - - repalr lemporature & water
«Queue lorigth | +Baam well focused concentralion and
» “'with multiple det sLarge experience by alr turbulence
o S e base In Japan *One perlane
- AR - — requlted - G
Video image |+Count: - ‘Overhead orlo | Freeways and | *Roadsikde processing | «Ditferent algorithms | -Magderale
Processor *Presence side of roadway | surlace aflows low data rale usualy req'd tor day | (estimate)
+Occupancy slreols transrmisslon andnightuse - |
sinstantaneous oimagery for rapid | *Possble erors In
Araflic densRy Incident management | fralllc dala during
sIncidant : *Muliiple lanes obsnv'd | {ransition period
evaiuation *No traffic interrupilon | «Susceplible to
*Queue fenglh for Insiatiation & repair| aimospheric
*Tumning move- «Vehicle tracking obscuranis and
menis . |_ adverse wealhar : o
Magnetic *Count sMagnelomelers | Bridges, *Small vehicle or +Trafflc Interruption | *Moderate
(Magnetome- | +Presence are embedded | viaducts, obstacla deteclion forinsiallationand | (eslimate) -
lers and *Occupancy In roachway freeways (blcycles) | repalr S
passive *Speed with *Magnetlc detac- «Magnelic detaclors | *Passive magnetic
magnelic multiple tors are surface provide mulliple deteclors requlre
delaclors) deleclors or subsurface lana coverage vehicle to be
mounted sAmays of magnelo- moving
metars provide
vehiclg classiiicalion
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" Tabie 7. Detector Selection Matrix -° -
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Traffic Parameter

Detectr Technology
and Modetl

Vehicle Length
‘Incident Detection
| Delection Range

Occuﬁaney
Avallabiluy
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Speed _
Speed Binning
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8
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Day
Night
1 Interfaces Specificd
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xrepresents either (1) data t.hat are measured tﬁrectly (Z) acr-ept:ble operamg emiromms, e
or (3) other conditions that are satisfied. iw s

1 represents mformanon available through prucessng of demctor datz, Le., ndrecﬂy avahble
information. - .- L

7 represents a pos.s‘ble degradauon in perfonnance dependent on the severtl:y of the emu'onmeﬂr. _' '
The performance under these conditions will be measured during the field tests.

Moadels of inductive loop and magnetometer detectors will be given Zfter the field test sites xre
selected, and the states identfy the specific models of these detectors that will be used. -
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Evaluation of Modern Traffic Detector
Technologies for IVHS Applications

Lawrence A, KJdn, P.E. _ Milton K. MoOle
© Hughes Alrcreft Company . Federul Highway Adminigtration
o Bidg. 618, 8. L3211 IVHS Ressarch Division, HAR-10
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Fullerton, CA 82834 ' Mclsen, VA 22101
Pnorn. m4) 732-793% Fax: md) 732-1188 Phone: (703) 285-2402 Fax: (703) 255-257%

Owve freewny and one mrfsce seet arterial site wers chosen in each of three szates to test and evaloste
alternative detecior techmologies. The smtes were selected 10 be represennative of extremes in climatic
condiions. Accondingly, Mimesots was chosen for its cald winter esvircament, Florida for its summer
thandersicxtas, lighteing, and bumidity, and Arizona for its dry desert summer heat. Sites were Jocaed oo
roadways that had high paffic density and suitable strocmres for mogniing the overbead detectors, The'
detectar technologiss evaluated were gltrasonic, microwave radsr, infrared leser radar, mgm;ad
nonimaging pessive infrared, video image processing with visible spectrom imagery, acoastic acrxy, high
sampling me inductive loop, conventional nductive loop, microloop, and magnetometers,

Approximately .
" §9GBywes of digitzl and analog vehicle detection data and mare than three hondred video tapes of the

coeresponding traffic flow were recorded. The detector outputs were time tagged and recorded om
mm@mmmwmymwmwmm&w;
project, Daca snalysis softwere was writien © coavert the data inw an exsily sccessibie Paradox datz base
format compacibie with 3 Windows personsl compuies operating sysiem. Traffic volume ground trorh date,”
ebtzined by counting vehicles in the recorded video imagery, were compared with the counts from the
deseciy outpes, smwmmmwm;mvmuwmﬁdd&m&
thdmwsmdmgﬂnvﬁckmdumﬁbyhv&ﬂemmmm&du&
mespaadmmm&ommdau:m

. INTRODUCTION LT TR e T
i EAl i e aem

- Bemee W q %

“Traffic moniteing deu:cmmpplyda:mmlmadapuveapm mwmmmm
and nodification systems that are an megral pert of nearly every modem traffic management sysiem. In
TecETs, yeurs, coatinning traffic powth snd limied consruction of new highways kave combined to require ™
the maximam utilizstion of the existing wansportation netwark. This inclodes bodh the mrden sTeet sysem”
mnd freewny facilities. Newer dewection wchnologics heve the potential to increase the efficiency of the ™
mndmmutbyﬁnin;memwadfummmdmmoﬁu&ﬂmdnhm
vﬂ:mﬂmmﬂmﬂd‘mﬂnﬁhmﬁumnﬂmmfmm

ypr -

Lt L L .

cmuummmmmmmwmmmmm.
baseling for cvalosting more advanced detector systems.  Altemnative detector: technalogies ‘are being ©
Wmmwmummwmmm‘mm Somes cen
directly measure &_wider variety of parameters, such as density, travel time, and vehicls - mrming
movemenzs, in addition © the more comman paramesers of flow, mpeed, nd accopency, The less obarosive. .
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Table L Detectors msed daring field tests 115
Symbol tﬁm Manofscrarer Wodel
U1 _ S erwbicDapier © | Somiomo | STR-200 (RDU 101)
U3 | CnaeicPramace . | MicrowsveSemos | TC3C

M2 s .‘Iﬁmnvekuhr .| MicrowaveSensos - | TC-X - .

R e e L
“: w : S . 3 o : ; " X h:'.' 7. _: 5

IR-1 . ‘“ Actve IR Schwarz Elecoo-Optics | 780D1000

R3  _ {PmsveRR T E= EREERS PT I

R-1== Imgging IR Grommes CatEye

v Video Inage Procersr | Econolits ™~ | Amossope 2003
, Sysems || Syaem o

VIP-3*= | Videolmmge Processst | Golden River Traffic . | Marioman |
- CLATSS10
| VP4 Video Image Processar Samitomn 1mET10
- of VIP-S% 0§ Viden Ima g Processar EVA . . . 2000

| PRt Pmsive Accomic Amay | AT&T - - | SmarSonic TSS-1

T-1ee Tobe-Type Vehicke Comnrer | Timemsrk Delz 1

¢ M3 was'n TC3] micowave mudsr preseace i, in development by Micowave Senscxs,
end wag at svailable for evalaseion in this program. L

**  Used 2t Tocson Arfzoos test site only, ove Used of all Arizons st gitex. o
+ Used in Phocoix Arizooa 794 et caly. <+ Used m Phoenix 1153 end Tacson wes.
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