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FOREWORD

This report presents the results of a comprehensive study to identify candidate advisory, safety,
and hazard situations where motorists would benefit from an Invehicle Safety Advisory and
Warning System (IVSAWS). Functional specifications are also provided in sufficient detail to
describe how these functions could be gradually incorporated into existing and future automotive
vehicles. The IVSAWS, designed for rural, urban, and secondary roads, uses a proposed
communication architecture based on transmitters placed on roadside signs and at roadway hazards
to communicate with approaching vehicles equipped with IVSAWS invehicle radio receivers. This
study will be of interest to transportation planners and engineers involved in motorist advisory and
emergency communication systems.

Sufficient copies of the study are being distributed by the FHWA Bulletin to provide a minimum of
two copies to each FHWA regional and division office, and five copies to each State highway
agency. Direct distribution is being made to division offices.

Lyle Saxton
Director, Office of Safety and Traffic
Operations Research and Development

NOTICE

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

The United States Government does not endorse products or manufacturers. Trade and
manufacturers names appear in this report only because they are considered essential to the object
of the document.
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APPENDIX A:
WORKPLAN FOR THE INVEHICLE SAFETY ADVISORY
AND WARNING SYSTEM (IVSAWYS)

This appendix outlines the initia Invehicle Safety Advisory and Warning System qVSAWS)
workplan that included severd tasks: establishment of the study workplan (task A), definition of a
prioritized list of driver hazards and determination of adequate driver warnings (task B), definition
of the baseline IVSAWS communications subsystem design (task C), selection and procurement of
equipment to demonstrate key features of the baseline IVSAWS communication subsystem design
Ftask D), definition of the baseline Driver Alert Warning System (DAWS) (task E), design and
aorication of DAWS testing of pro?ram equipment (task F), test IVSAWS equipment using a mix
of subjects (task G), development of a system-level specification for the baseline IVSAWS design
(task H), provision of atechnical summary of key results (task 1), preparation and presentation of a
draft technical report (task 1), and preparation and presentation of a final technical report (task K).
Thisinitial 1VSAWS workplan was later revised in accordance with COTR approval to eliminate
tasks D and F, and further limit the remainder of the study to design analysis without any actua
IVSAWS equipment manufacturing/tests.

[FHWA A-l]



Hogaes

Section A - Workplan Overview

The IVSAWS Study Program is a multi-phase study intended to provide the
Government with an assessment of the IV SAWS concept, a baseline design for the
development of operational 1VSAWS hardware, and preliminary testing of most aspects
of the IVSAWS system. These aspects include the RF communications, the in-vehicle
human-machine interface, and the measured responses of a scientifically selected
population of mixed ages to the utility of the hazard aert warnings.

The phases of the IVSAWS study and the key issues or outputs of each phase are
summarized in Table A-1. Interim results from all tasks will be documented in
Engineering Notebooks (ENBs). All ENBs will be forwarded to the FHWA for
information purposes only. Tasks C and E require careful systems engineering effort to
determine the optimum design for the RF communi cations equipment and message
structure (Task C) and the man-machine interface (Task E).

Hughes envisions taking a systems approach to the design of the IVSAWS receiver.
Task B will provide the data base for the selection of hazards and the choice of the
warning messages. UMTRI and Hughes Human factors engineers will work together to
define aprioritized list of hazard scenarios and to synthesize an appropriate
advisory/warning message for each scenario.

In Task C, Hughes communication engineers will define the RF communication link
needed to reliably deliver the message to the IVSAWS receiver. This task will include
analyses of propagation, selection of an appropriate frequency band, the development of a
set of messages for reliable transmission of the data including error detection codes for
identifying error free messages, and an assessment of the interference on the channel
coupled with the need for sophisticated processing including spread spectrum and
excision processing. Emphasis will be placed on the development of a flexible system
which will support the needs of the rural driver but which can also be used in the urban
environment and to support other services such as the intelligent highway programs.

In Task E, Hughes Human Factors engineers will examine the options for alerting the
driver to the hazard, including audio and visual stimuli. This study will incorporate all of
the options being considered in the automotive industry, such as the heads up display,
touch panel displays, entertainment override as well as the constraints including limited
display space, the legal liability issues, the driver’s ability to interpret the message and his
perceptual limitations.

The postulated test program is based on a strawman design using a commercially
available spread spectrum radio, probably in the 902-928 Mhz band and a PC display.
The actual radio selected for the test program will be based on the analysesin Task C.
The radio will be tested for propagation range and data transmission reliability in both co-
channdl interference and in the presence of another IV SAWS transmitter. A live road test
will be conducted with the radio and driver alert warning system installed in a GM-
supplied automobile.

The results of these analyses and tests will be summarized in our final report and
design specification. Because it is anticipated that the design will be appropriate to
multiple systems with a market of millions of units, it is anticipated that sophisticated
semiconductor chip technology will be applied to the design, resulting in alow cost
Application Specific Integrated Circuit (ASIC) based design. The cost of such adesign is
expected to be appropriate for alow cost application.

[FHWA A-2]



Section A - Workplan Overview

Figure A-l shows the task flow envisioned by Hughes. The program schedule
(Section L) presents an accelerated schedule (with respect to the plan laid out in the
contract) which Hughes believes would result in more efficient manpower utilization
without change to the overall level of effort by minimizing work gaps for key personnel.

TABLE A-1.
HIGHLIGHTS AND KEY ISSUES OF THE IVSAWS PROGRAM

Task A Establish a plan for the study and obtain written COTR approval.

Task B Define a prioritized list of hazards together with likely road geometries, terrain,
speed, and other factors. Human factors and traffic engineers must reach a consensus on
the amount and type of information that will provide adequate warning without
distracting or annoying the driver.

Task C Define the basdline IVSAWS Communication Subsystem design. Obtain written
approval of results by COTR. The communications engineers must define a
communications architecture to support general evolutionary services and to support
reliable message transmission with sufficient flexibility to allow processing of inhibit and
multi-mode antenna message overhead. The choice of frequency, bandwidth, and
modulation structure must support an affordable design.

Task D Select and procure readily available, affordable radio and digital modem
equipment to demonstrate key features of the baseline IVSAWS Communication
Subsystem design.

Task E Define the baseline Drive: Alert Warning System (DAWS) which provides the
display/control interface with the driver. Then equipment to announce IV SAWS hazard
alert messages for the test program will be selected. This equipment will implement the
key features of the baseline DAWS. Obtain written approval of the COTR. Human
factors engineers must look at the range of available and projected man-machine interface
technologies to ensure that the architecture will support evolutionary changes. The
display and audio aerts will be tested on a scientifically selected range of volunteer
subjects with ages from 16 to above 65 at both Hughes and GM simulation facilities,

Task F Design and fabricate DAWS test program equipment and install DAWS
Subsystems in test vehicles and vehicle simulator.

Task G Test IVSAWS equipment using a mix of young, middle aged, and over age 65
drivers to determine the utility of the key design features. The test must be designed to
allow aclear validation of the baseline architecture and to support the development plans
for subsequent phases.

Task H Develop a system level specification for the basdline IVSAWS design to support
alater development phase.

Task | Provide a four-page technical summary of the key results in the selected two-
column format.

Task J Prepare and deliver Draft Technical Report for COTR approval.
Task K Prepare and deliver Final Technical Report.
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Section A — WORK OVERVIEW

FIGURE A-1. IVSAWSTASK FLOW. Encircled letters represents connections to
other parts of thetask flow. Subtasksidentified in theworkplan text are identified by an
aphanumeric (e.g. B-1 for Task B, Subtask 1)

FIGURE A-1 (continued). IVSAWSTASK FLOW.
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Section B - Task B Workplan and Applicability of the SHAWSReport
to the Highway Problem

The FHWA Report (FHWA/RD-8 1/124) provides a base from which to develop
candidate situations for the application of IVSAWS. While much of the information
provided in this report is accurate and useful in situation selection, inconsistencies exist
which make examination of other data necessary. Probably the most glaring
inconsistency in the report is the contention that “ Nonintersection accidents of any sort
arerare events’ (page 2-1, emphasis original). An examination of the 1987 CARDfile
data developed by NHTSA from crash reports from Indiana, Maryland, Michigan,
Pennsylvania, Texas, and Washington shows that 46.8% of al crashes are not “driveway
related” or “intersection related.” Perhaps “rare” used in the context of the report meant
rare with respect to vehicle volume or miles traveled. This point is not clear from the
report; however, this anomaly points out the need for further examination of crash data
and careful selection of criteriato be used in IVSAWS situation selection.

Subtask 1: Analvsis and Prioritization Plan Development.

First, the criteria by which crash hazards are to be prioritized will be determined. Itis
necessary to first determine how the crash situations will be ranked to determine what
data elements should be extracted from crash data files, and how cross-tabulations of
crash data should be constructed. This prioritization scheme will be developed by a panel
of traffic data and safety experts from UMTRI, Hughes, and the Michigan Department of
Transportation who will discuss the merits of alternate prioritization schemes. At a
minimum, the prioritization of crash scenarios will require crash severity measures
(including both vehicle damage and occupant injury data), segmentation of the crash
population into logical and workable units (e.g., urban-rural, intersection-nonintersection,
road curvature, road grade, road classification, traffic control device availability and
type), and measure of crash exposure (e.g., vehicle miles traveled and traffic volume).

The prioritization scheme will, in part, be developed based on results from earlier
studies conducted to examine crash scenarios which may prove amenable to 1VSAWS.
In addition to the SHAWS report FHWA/RD-81/124, UMTRI personnel have conducted
studies of crash data to determine 1VHS suitability and needs using NASS, CARDfile,
and crash data from Washington state and Michigan. This experience should facilitate
development of a prioritization scheme that can anticipate data requirements and
availahility, as well as possible 1V SAWS devel opment opportunities and needs.

Subtasks 2 and 3: MIDAS-MALI and CARDfile Data Analyss.

Once a prioritization scheme has been developed, Michigan crash datafiles (i.e.,
MALI--Michigan Accident Location Index and MIDAS--Michigan Dimensional Analysis
Surveillance System) and data from the CARDfile states will be analyzed in detail to
determine candidate situations that may prove to be amenable to 1V SAWS applications.
Analyses will focus on crash scenarios components identified to be important in the
prioritization-model development task described earlier. In addition to identifying
genera groups of crash characteristics which may prove amenable to 1VSAWS solutions,
aset of six to ten specific locations will be identified which have proved to be particularly
hazardous and have remained hazardous despite application of traditional crash reduction
treatments.
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Section B - Task B Workplan: Advisory, Safety, and Hazardous Situation Identification

Subtask 4: Situation Hierarchy Development.

By applying the prioritization model to the data obtained from the MIDAS-MALI and
CARDfile anaysis runs, situations will be ranked in a hierarchical order based on
potential benefits to safety and traffic operations that may be obtained through application
of IVSAWS technologies. Development of several hierarchies may prove to be most
beneficial for identifying situations most promising for IVSAWS application. Depending
on data availability and amenability to analysis, separate hierarchies will be developed
based on total crash count, total vehicle count, crash casualty and vehicle damage
severities, as well as crash and outcome severity rates per vehicle mile traveled and traffic
volume. By developing severa different hierarchies, the tradeoffs between frequency of
occurrence, rate of occurrence, and outcome severities can be assessed directly for usein
selecting the most desirable situations for the application of IVSAWS. The situations
identified will be reviewed by automotive safety and accident engineers and entered into
an Engineering Notebook (ENB).

Subtask 5: Signalling Recommendations.
Based on these hierarchies and the six to ten specific problem sites identified,

suggestions will be made on which warning and regulatory signs should be provided to
drivers in the vehicle. While one obvious strategy is to directly replicate Manual of
Uniform Traffic Control Devices (MUTCD) signing at the roadside, modifications of
these signs may also be desirable to augment the information available at the roadside.
Suggested signing will be based on information needs and problems identified in the
analysis of the crash data.

Subtask 6: Signalling Presentation Human Engineering (HE) Analysis.

Human Engineering analysis will identify how the recommended signalling accessed
and identified in Subtasks 4 and 5 should be presented to the driver. At a minimum, the
analysis will evauate the following:

1) The use of visual displays including icons and/or text and/or color.

2) The use of audio including tones and/or speech synthesis.

3) Driver aert control including driver over-ride and/or message acknowledge and/or
message repeat.
4) The format and length of the message to be presented to the driver,
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Section C - Task C Work Plan and Applicability of the SHAWS Report
to Communications Technology Selection

Based upon the results of Task B, a baseline Communication Subsystem design will
be defmed that will aert drivers to advisory and safety signing, and roadway hazards.
The baseline design and work performed during the subtasks defined below will be inputs
to the development of a functional system specification. Additionally, requirements for
the IVSAWS to support highway/driver information systems will be projected. The
Communications Subsystem design will include all assumptions and design tradeoffs. As
appropriate, the assumptions and tradeoffs will be supported with equations. Results will
be presented in tabular and graphical form. A detailed block diagram of the baseline
design will be provided. The block diagram will include maximum and minimum signal
levels, noise levels, bandwidths, modulation type, path losses and message structure.

Subtask 1: Communication Path Geometry Analysis.
The geometry of communication paths for the four most significant signing and

hazardous roadway situations identified in Task B will be determined. In this context,
“most significant” means those situations with geometries which will make
communication most difficult, such as through dense foliage or over a large obstacle. As
applicable, geometry will be analyzed for transmitters placed on signs, at hazardous sites,
on overpasses, and those operating from school buses and police/emergency/maintenance
vehicles.

The SHAWS report is directly applicable to this subtask. Figure 6- 1 of the report
presents an effective method of evaluating communication path geometry for various
combinations of signing/hazard situations and transmitter deployments. This method, or
avariation thereof, will be used to perform this subtask.

Subtask 2: Driver Alert Distance Analysis.
Communications engineers will review the scenarios evaluated by the University of

Michigan in Task B to determine how the road geometry and worst-case speed of the
automobile determines the minimum coverage range for receiving the alert and the
corresponding minimum time to repeat the message. The Driver Alert Distances will be
evaluated for the four most significant signalling and hazardous roadway Situations
identified in Task B. In this context, “ most significant” means those situations which,
based upon a precursory review by UMTRI personnel, will maximize the required Driver
Alert Distances.

The SHAWS report tabulates preliminary Decision Sight Distances (DSD) required to
perform a corrective-action lane change. The DSD is defined as the period of time
required in order for adriver to detect and recognize a hazard, decide upon hazard
avoidance responsg, initiate the response and perform the maneuver. The report shows
that the necessary distance required to alert adriver to a hazard is the sum of the DSD and
the Advanced Warning Time (AWT). The worst-case Driver Alert Distance will be
evaluated by verifying or correcting assumptions made in the SHAWS report with respect
to driver hazard identification and response times, and determining the worst-case AWT
and avoidance maneuver times.

Subtask 3: Frequency Selection and Transmit Power Analysis.

FCC regulations will be examined in order to identify frequency band options
including factors of available bandwidth and transmit power. Licensing requirements, if
any, will be identified. Within the candidate frequency bands, the use of traditional and
non-traditional modulation techniques will be examined, specifically the use of narrow
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Section C - Task C Workplan

band spread spectrum. Hughes will investigate the following frequency bands for the
IVSAWS application:

510-1705 KHz (leaky cable systems)

26.9-27.4 MHz (Citizen's Band)

45-47 MHz (highway maintenance)

54-72 and 76-88 MHz (excluding 73.0 to 75.4 MHz, perimeter protection systems)
88- 108 MHz (FM single sideband transmissions)

285-3 15 MHz (garage door openers)

806-821 MHz and 851-866 MHz (mobile phones)

825-845 MHz and 870-890 MHz (cellular phones)

902-928 MHz (FCC part 15 spread spectrum band)

The indicated usages are illustrative and are not exhaustive.

In addition, the following bands which are designated for Fixed/Mobile
communications may be appropriate for low power spread spectrum operation:

335.4-399.9 MHz (UHF satellite uplink transmission)
410-430 MHZ
890-902 MHZ

This last band is particularly interesting for a spread spectrum IVSAWSsince it has
enough bandwidth to support a spread bandwidths of 5-10 MHz.

Subtask 4: Transmitter Characterization.

This subtask will determine the frequency, power level, modulation technique, coding
scheme, and antenna configuration for portable, sign mounted, and vehicle mounted
transmitters.

Hughes review of the SHAWS report study indicates that the report is flawed in the
assumption that affordable cost dictates a minimal capability system. Hughes will
support this position by performing a set of tradeoffs to determine how various features
affect the utility and the per unit production cost of the baseline IVSAWS system. The
following tradeoffs will be performed at a minimum:

1) Range - The communication range as a function of road geometry, terrain and
antenna configuration will be evaluated for selected frequency bands,

3) Overhead Content of the Transmitted Waveform - In addition to the actual
data for the alert message, the transmitted message must contain certain overhead
fields. A start of message preamble and a message ID field are necessary. Error
detection coding is necessary to assure that only valid messages are displayed.
The size of this field must be selected. The utility of forward error correction
coding will be assessed. The bit error probability and bit error rate, with and
without error detection and correction, will be provided.

4) Message Garbling - The probability of message garbling due to collision will be

5 Interference - The impact of co-channel interference and impulsive noise on bit
error rate will be assessed and signal processing techniques that enhance channel
utility will be characterized.

6) |mpact of Self-Test/Fault Isolation -The mechanization of self test functions
will be considered to identify when failures have occurred that would degrade the
performance of the IVSAWS hardware. Fault isolation tests to be available in a
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test mode will be considered to aid technicians in isolating faulty 1VSAWS
components.

7) Power Requirements - Transmitter current consumption and input voltage will
be estimated. Battery capacity for transmitters located at fixed, remote sites will
then be evaluated.

The SHAWS sdlection of a six pulse waveform is not well justified, even for avery
limited system. Hughes has the following objections to this design:

The amount of datais very limited
The message structure could readily br generated by a burst of noise, leading to
fase darms

By contrast, more sophisticated waveforms, such as those used in anti-jam
communications, will have strong en-or correction codes to validate the message and
reject almost all false alarms.

Subtask 5: Receiver Characterization.

A low cost, smple-to-operate, and ascetically low-impact receiver will be
characterized. It is likely that a more capable receiver than that described in the
referenced report will be required. The SHAWS receiver design targeted a low-cost
receiver constructed from readily available parts. By contrast, Hughes believes
affordable, multi-function receivers with much greater sophistication can be fabricated
with available semiconductor technology (i.e., using Application Specific Integrated
Circuitsor ASICs) when the market is measured in millions of units. The large volume
of units to be produced makes the non-recurring investment to devel op the semiconductor
masks and processes reasonable. In evaluating a more sophisticated receiver the
following will be analyzed:

1) Application Specific Integrated Circuit Evaluation- The feasibility of
implementing the 1V SAWS RF hardware with Application Specific Integrated
Circuits (ASICs) will be determined.

2) Reliability - The reliability of the IVSAWS hardware will be determined based
on preliminary partitioning of the IVSAWS hardware.

3) Production Cost - The production costs of ASIC chip-based hardware will be
projected based on GM-Delco’ s assessment of ASIC costs.

4) Antenna Configuration- An IVSAWS receiver which uses the vehicle's
existing radio antennais desirable. If this configuration is not possible, other low-
impact options will be evaluated.

Subtask 6: Computer Modelling.

Much of the system parameter analysis will be performed using well known results
from the field. This approach will allow us to narrow the architectural design problem to
the resolution of a few key issues:

. The number of bitsto be transmitted in a message, including overhead for each
message type

. Theburst datarate and transmit duty factor

. The appropriateness of a spread spectrum waveform

. The selection of the frequency band

These issues were discussed in Subtask 3. Only one requires a computer analysis.
Namely, the issue of frequency selection is strongly determined by propagation coverage
in rolling terrain. This analysis has been addressed with the Longley-Rice propagation
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Section C - Task C Workplan

model, which has been standard in the US Army for more than 10 years and has been
carefully validated with experimental data. Hughes has extended the model to include the
effects of foliage attenuation. Figure C-I shows the use of the Longley-Rice Model in a
network management context. The model includes:

. A point-to-point mode, which uses aterrain profile and computes the path loss
based on a series of knife-edge diffraction losses

. An areamode, based on data from the Defense Mapping Agency height dataor a
two dimensional random surface with a specified roughness

The output from this program gives a mean propagation loss and the expected
variance in the propagation loss between any number of specified termina pairs. The
Longley-Rice mode! will be used in establishing the effects of excess propagbation loss as
afunction of frequency. Additional computer analyses and simulation may be used to
optimize waveform parameters as the study progresses and the baseline waveform
parameters are determined.

Subtask 7: Transmitter Directionality Analysis.

Control of the alert coverage areais akey issue. A transmitter |ocated on an overpass
should alert only traffic on the overpass and not the lower road. The coverage should also
be capable of being controlled to aert only vehicles approaching the hazard from one
direction and not the other. The referenced report suggests two methods of limiting the
dissemination of the dert to drivers: (1) control of the radiation pattern and (2) the use of
inhibiting transmitters.

Hughes will assess the use of simple directive antennas such as those used for
television to limit the coverage sector. Beamwidths of the order of 60 degrees are readily
achievable with simple electromagnetic horns, particularly in the 900 MHz band. The use
of adual-mode antenna, as described in the referenced report, is very helpful in
eliminating reception through sidelobes and backlobes, but it does require areceiver
capable of making amplitude comparisons between two parts of atransmission, and a
more complex transmitter. Due to budgetary constraints, the dual-mode architecture will
not be considered.

The use of aflexible message structure and/or free text which alows inhibiting
specific message IDs to limit the coverage, for example, to westbound traffic on an east-
west highway will be investigated. The use of vehicle orientation sensors will be
examined. The use of inhibiting transmitters will also be examined.

Subtask 8: Task C Report
A report summarizing the results of the previous subtasks will be generated.

Requirements for the IV SAWS to support highway/driver information systems will be
projected and included in the document.
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FIGURE C-1. Hughes Network Management Algorithm Development Tools.
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Section D - Task D Workplan

Based upon the results of Task C, appropriate transmitter, receivers, antennas,
coders/decoders, and control processors will be procured and modified as needed in order
to demonstrate key concepts from the communication system design. The transmitter(s)
shall be capable of usein awide variety of situationsincluding fixed and movable
locations. Transmitters shall be battery operated, either from internal batteries or from
the 12-volt automobile battery, ssmple to operate, and have conuols that resist inadvertent
activation. Vandal-resistant hardening of fixed, remote installations shall be considered.

Subtask 1: Communication Equipment Survey and Selection. _
The demonstration communication hardware desi ?n will consist of selecting as much

commercia off-the-shelf (COTS) hardware as possible. Task C requirements will be
reviewed and key communication concepts will be identified. The commercial market
will be examined for candidate communication equipment which can demonsnate these
concepts. The candidates will be evaluated and final selections will be made.

Test vehicles supplied Genera Motors Corporation will be used for evaluating the
|V SAWS concepts developed during this study. Demonsuation testing will be
implemented using acommercially available portable personal computer (PC) for driving
the demonstration hardware and software. Since the demonstration will be viewed as a
concept validation only, no attempt will be made to reduce demonstration hardware cost.

Subtask 2: Communication Equi Fment Procurement.
A technician will be assigned to order and track the procurement of the selected
hardware. Hardware for two transmitters and one receiver will be purchased (including

coder/decoders and control processors). Received hardware will be marked as
government property and tracked accordingly.

Subtask 3: Mechanical Design and Fabrication. _ _ _
Mechanical design for mounting the subject hardware in the vehicle will be

Performed. The recelver and decoding electronics shall be capable of operating over the
ull range environmental and electrical conditions found in the test vehicle for the
duration of the Task G tests. Additional housings and mounts will be designed and
fabricated such that the transmitter assemblies can be fixed to asign or pole, deployed at
roadside, and mounted in a vehicle.

Subtask 4: Software Design and Generation. o -
The principle design task for the [V SAWS communication hardware modification

consists of generating the necessary software for use in the PC. The PC communication
software will include several modules including those for down-loading and storing serial
data from the modem and conuol of the receiver and transmitters.

Subtask 5: Integration and Test .
The equipment procured and modified in Subtasks 2 thru 5 will be bench tested at the

system level in order to isolate and correct major faults. Testing will include;

Measurement of receiver sensitivity (threshold) _ _ _
Measurement of receiver bit error rate with additive Gaussian and impulsive
noise

Observation of receiver response to near-simultaneous transmissions
Transmitter power output

The receiver and one of the transmitters will then beinstalled in test vehicles and
tested for proper installation via the transmission and reception of test messages.
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Section E - Task E Workplan

Subtask 1 Driver-Alert Warning System Design.

The Driver-Alert Warning System represents those components (hardware and
software) resident in a vehicle which are used to convey information concerning advisory,
safety and hazard situations to the driver of the vehicle. One of the main objectives of the
study isto determine the specific components which make up an optimum Driver-Alert
Warning System. Optimization parameters include driver safety, system effectiveness,
maintainability, reliability, recurring and non-recurring cost, size, power, weight,
environmental characteristics, installation complexity, system expansion/growth
capabilities, integration effectiveness with existing vehicle systems, usefulness by normal
drivers, physicaly impaired drivers, and different age grOléps, aswell as acceptance by
the motoring public. Many of these parameters represent diametrically opposed
implementation constraints.

Based on the recommendations from Task B, the selection of the appropriate driver
display will result from joint trade studies conducted by human factors, systems
engineering, electrical engineering, and mechanical engineering personnel. Three
primary candidates include (1) instrument panel tell-tales (symbols), (2) heads-up display,
and (3) touch panel CRT.

Human factors specialists will define DAWS system parameters including display
position, control panel layouts, equipment arrangements, display formats, auditory
adarms/alerts, accessibility, lighting, display legibility, and noise limits.

DAWS system parameters, including maintenance access to I1VSAWS eguipments,
will be reviewed during the development of soft mockups and test bench design of the
equipment, Kapid menu selection, minimum driver entry, standardization of display
segments, standardization of voice and/or tone outputs and easily identified hazard/fault
nomenclature will be investigated.

Subrask 2: Driver-Alert Warning System Mockup Testing. .

Thetesting of a" moc uﬁ’ Driver-Alert Warning System will be predicated on data
derived during Subtask 1. The initial task data contained in Report No. FHWA/RD-81-
124 will be compared to, and updated by, data contained in the study commissioned by
the U.S. Department of Transportation (DOT) and the National Highway Traffic Safety
Administration (NHTSA), Driver Education Task Analysis, Vol. I: Task Description.
Contract No. FH-1 1-7336.

The candidate Driver Alert Warning System will be tested in a static environment in
the Human Factors Laboratory at Ground System Group, Fullerton, California.
Antr}ropomehm analysis and mockups will be used to evaluate the human-machine
interface.

Two specific laboratories will be considered for initial empirical testing of the Driver-
Alert Warning i/stem. Thefist is the Hughes Ground Systems Group (GSG) Human
Factorg/Artificial Intelligence Laboratory, Fullerton, CA. The second Is the General
Motors System Engineering Center (SEC) Human Factors Laboratory, Troy, MI.

The subjects used for empirical testing will be apportioned into age groups
representative of the groups to be used for fina system testing. That Is, young (16 to 35
years of age), middle aged (36 to 65 years of age), and mature (over 65 years of age).
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Section E - Task E Workplan: Driver Alert Warning System Definition

The population will include subjects that range in size from the fifth percentile female to the 95th
percentile male.

Hughes will empiricaly test selected icon/symbols (tell-tales), for
recogni zability/appropriateness, comprehensibility and effectiveness, using monochrome and color
applications. Colors will be selected based on probable hazard levels defined in Report No.
FHWA/RD-81/124. The selected symbolswill be tested individually as well as when paired with
voice messages, tones, and voice. Primary measures of effectiveness will be accuracy/correctness
of response and timeliness of response (response time).

Reach and vision analyses of the drivers in the static mockups will utilize the information
provided in SAE Standards J287, “ Driver Passenger Manuals for General Rules on Arm Reach,”
and SAE Recommended Practice 51052 (1985% “Motor Vehicle Driver and Passenger Head
Position.” The reach and vision analyses will be combined with platform information and the
candidate warni rg system devices to determine optimum locations and sizes of devices within the
driver reach envelope and cone of vision. This information will be used in soft mockup
preparation and testing.

The mockups that will be used in Human Factors Engineering testing will be designed to
simulate the volumetric interior space within the driver compartment of the test vehicle. The
location of the instrument panel, console, steering wheel and other equipment impacting driver
performance will be included as part of the test fixture. The mockup of the Driver-Alert Warning
System will be mounted in locations within the driver compartment that will be identified in the
anthropometric analysis. The mockups will then be used to test the displays and auditory signals
for location, ease of use and driver error.

Candidate visual displays will be tested for optimum location, icon/symbol text selection, font
and font size selection, color of display objects, intensity of display objects, bri?ht/dark
compatibility, frequency rate of warning, ease of perception, duration, advisory/alert categories,
vocabulary (message content), abbreviations, and adherenceto SAW, 1S0 and ANSI standards.
Candidate auditory messages will be tested for optimum location, intensity, tone/voice,
advisory/alert category, and vocabulary. The data (}g_athered in the static mockup testing will assist
in determining superior candidate devices and configurations.

Subtask 3: Task E Report.
The Task E report will be prepared which summarizes the results of the DAWS system design
and evaluation process.
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Section F - Task F Workplan

Based upon the results of Task E, two proof-of-concept Driver Alert Warning
Systems will be assembled which implement the key features of the baseline DAWS
defined in Task E. The systems shall operate from the 12-volt automobile battery.

_ : N
DAWS man-machine intaface electrical design will be performed during this
subtask. The design will include as much commercial off-the-shelf hardware (e.g. PC-

drivable voice synthesizer circuit card) as possible.

A technician will be assigned to order and track the procurement of DAWS
components, display and/or voice synthesizer, and control devices. A locker dedicated to
the storage of 1IVSAWS hardware will be secured.

Subtask 3: Mechanical Design and Fabrication.
Mounts, housings and connectors will be designed and fabricated for the installation
of the subject hardware in the vehicle per human factors directives.

Subtask 4: DAWS Fabrication. _ _ _
DAWS electronics will be assembled and bench tested in order to isolate faults prior
to vehicle installation.

Subtask 5: DAWS Software Design and Generation
Software drivers for the DAWS display/voice synthesizer, user controls, and test
message generation will be written. The software will execute on the same PC that runs

the NSAWS receiver.

Subtask 6: Integration Installation and Test
The egquipment and software fabricated and assembled in Subtasks 3,4 and 5 will be

integrated and bench tested prior to vehicle and simulator installation. The DAWS will
be tested at the system level in order to isolate and correct faults. Testing will be limited
to a power-on test and the reception and display/synthesis of atest message. One DAWS
will then be installed in atest vehicle for the communication concept demonstration test
while the other isinstalled in avehicle simulator for the DAWS concept demonstration
testing.
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Section G - Task G Workplan

~ Testswill be structured and conducted in order to demonstrate the concepts devel oped
in this study.

Subtask 1: Communication System Test Plan Devel opment _
A test plan will be developed that will, at @ minimum, include the following tests:

1) Radio Propagation Test - The limits of reliable line-of-sight reception will be
determined by increasing transmitter and receiver separation until the bit error rate
exceeds a threshold. By knowing the receiver sensitivity, transmitter power (both
measured during Task D) and antenna gains(losses), the impact of rural or urban
background noise on communication range can then be estimated by comparing the
resulting separation to that predicted using a free-space path loss assumption.

2) System Coverage Selectivity Test - The ability of the system to selectively aert
drivers only on specific routes and in a specific direction will be tested with fixed and
mobile transmitters. The transmitter will be placed on an overpass to determine if atest
vehicle travelling on underpass is able to receive warning signals.

3) False Alarm Test - An acceptable false alarm rate will be observed. No false
alarms should occur during execution of the test plan (Subtask 2).

4?1 Scenario Testing - The test plan will include the conduct of four specific scenarios,
which will include various types of hazards, road conditions, environmental, and
geometric situations. “ Difficult” scenario communication path geometrieswill be
selected (e.g. winding road). The test will demonstrate the reliability of the system to be
selective in reporting and devoid of false dlarms. The duration and amount of testing is
based on the criteria of two successful tests of each type plusthe possibility of
rescheduling 25% of the tests because of unexpected difficultiesin their conduct, i.e.,
equipment failure, human error. Measurements of link margin will be made at each
scene.

~5) Test Plan Site Survey - Candidate Sites at which to conduct tests 1 thru 4, above,
will be selected by examining terrain and road maps. Final selection will be made after a
visua examination of the candidates.

Subtask 2: Communication System Demonstration.
The test plan developed during Subtask 1 will be executed.

Subtask 3: Driver Alert Warning Svstem Test Plan.

A test plan will be developed which, when executed, will demonstrate whether the
detailed operations and maintenance of the IV SAWS can be performed effectively,
reliably and safely by awide range of drivers and that hazards are accurately recognized

and safely avoided.

A population of 60 subjects will be used for the test and evaluation phase. Of these
60 subjects, 20 will be young (16 to 35 years of age), 20 will be middle aged (36 to 65
years of age) and the remaining 20 subjects will be mature (over 65 years of age). Ten
subjects from each age category will be male and the other 10 will be female. For all
subjects, personal information relevant to the subjects’ performance and data analysis will
be gathered. This information may include, but is not limited to: name, address, socia
security number, proof of valid driving license, level of education, current and/or former
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Section G - Task G Workplan: System Concept Test and Demonstration

occupation, current working status (working or retired), level of driving experience,
driving record (number of ticketsfor traffic law violations), and type of car driven.
Information on the subjects’ current health will also be gathered. Health information will
include visual acuity determination for both distance and color vision (Corrected distance
vision should be as close to 20/20 as possible.), presence of visual correction (glasses or
contact lenses), auditory perception determination, presence of hearing aid(s), physical
limitations, and drug or acohol consumption.

Several formswill be created to inform the subjects about the testing conditions and
to record the subjects' personal information and performance data. These forms will
include: initial contact letter, letter of consent (to be signed by an adult to allow the
participation of aminor), task instructions, subject information questionnaire, test
conductor form, and post-test questionnaire.

A number of environmental concernswill be addressed through use of the driving
simulator. The driving simulator at the General Motors System Engineering Center,
Troy, Michigan, will be used. Both day and night driving situations will be evaluated.
Three road conditions will be evaluated: wet, dry and icy. The weather conditions that
will be tested are: sunny, fog, rain and snow. The volume of traffic will be varied to test
rﬁonses in heavy, moderate and light traffic conditions. Noise levels will be varied for
both internal noise (radio and engine) and external noise (traffic and wind). Terrains that
will be evaluated include: flat, rolling hills, curved roads, trees present, bare and
buildings present.

The subjects will complete all information and legal forms with the assistance of the
experimenter. Subjects will then be instructed in the use of the displays and controls.
Occupant comfort in the driving simulator will be ensured by adjusting the seat, mirror
and seat belt to fit each subject. The driving course or map of the road to be driven will
be reviewed so that the subjects may gain Familiarity with the test course.

Human Factors personnel will develop four scenarios to be used for both equipment
and driver testing. The scenarios will cover the four most significant scenarios identified
in the analysis of Task B.

Drivers' responses during the test will be recorded. Post-test questionnaires will be
used to obtain drivers' subjective opinions of the warning system. Additional questions
will be asked after each trial to determine each drivers hazard alert comprehension or
degree of confusion. Correct and incorrect driver responses, or correction of errors, will
be tabulated in relation to the scenario depicted driver-alert. These data will be reviewed,
analyzed and compared to response time data.

Subtask 4: Driver Alert Warning System Demonstration.
The test plan developed during Subtask 3 will be executed.
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HUGHES 2

Section H - Task H Workplan

The results from the communication and DAWS subsystem tests will be analyzed in
order to identify deficienciesin the IVSAWS system design. Analysis will include
careful evaluation of the driver responsiveness and communication link reliability.

Subtask 2: Relate [IVSAWS to [VHS

This task will determine how the in-vehicle safety and warning system (IVSAWS)
may be incorporated into an the intelligent vehicle h|ghwax system (IVHS). The
IVSAWS is envisioned to provide both dynamic and fixed hazard information pertinent
to the motorist’simmediate route. This type of information includes wesather, dangerous
intersections, slow moving vehicles, roadside emergency incidents, road repair activity,
traffic alerts, available services, vehicle location, detour, route guidance, and special
events.

TheIVHS s envisioned to provide suitably equipped vehicle with trip aFI anning
ca?abilities, real time route guidance, information upon request, and special services.
Information upon request includes accommodations, restaurants, weather, and special
events. Special services includes reservations and emergency services. These or other
driver information subsytems may require that a transmit function be built into passenger
vehicles, requiring additional anaysis beyond the scope of this contract.

The IVHS infrastructure must support 1V SAWS so that information relevant to the
motorist’simmediate route is available in atimely manner. Similarly, IVSAWS may
need to support the transmissions of vehicle control information such as road geomet
and capacity in order to assist the vehicle for future enhancements such as lane contro
and automatic chauffeuring. The relationship of 1VSAWSto IVHS will be documented
in the IVSAWS functional specification.

: [VSAWS function ification.

This task will specify the functions of the in-vehicle safety and warning system
(IVSAWS) based on the evaluation of the results of the system test and demonstration.
The functional specification will delineate the operational concept, the architectural
design, the subsystem interfaces, the subsystem performance parameters, the subsystem
Phys cal characteristics, cost, fabrication, and system test. These principle specification

eatures are summarized in the following table. The functional specification will address
operational issues, system messages, waveform design, and the RF parameters. The
architectural design of the IVSAWS has three princi(PaI subsystems — the roadside or in-
vehicle transmitter, the in-vehicle receiver, and the driver alert warning system. For each
of these three subsystems, the functional specification will address subsystem functional
requirements, interfaces to the other subsystems, physical requirements, and software /
firmware requirements. The functional specification will include the method for testing
. the system and the method for verifying that the system meets the specified requirements.
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Section H - Task H Workplan: Functional System Specification

ITEMSIN SYSTEM FUNCTIONAL SPECIFICATION

Operational concept
Significant Hazards to be Reported
Operation of the IVSAWS System

Architectural Design
Roadside Transmitter
In-Vehicle Receiver
Waveforms and Message Structure
Driver Alert Warning System

Interfaces
For each Architectural Element
Electrica
Mechanical
1/0O and Controls
Performance
For each Architectural Element
Processin

Software/Firmware
I/0O Signal Definition

Physica Characteristics
For each Architectural Element

Size
Weight
Power
Environment
Reliability
Cost
Fabrication
System Test

Methods for testi n? system _
Verification of performance to requirements
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Section | - Task | Workplan

y
ghes will prepare the four-page technical summary in accordance with the two-
column format snown in Attachment 8 of the NSAWS contract. Recogglm ng that this
document will be used to sell succeeding phases within the Federal Hi
Administration, the Department of Traniortatl on, and possibly to Congr onaI
committees, Hugheswnl use its technic publ|cat|ons activities to ensure that the
technical summary is a professional, concise summary of the effort.
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Section J - Task J Workplan

Subtask 1: Draft Final Rﬁort
The draft final report shall describe the results of Task A through Task H. The
material for the draft final report will be drawn from the Engineering Notebooks which

have been used to document the results of significant analysis, tradeoffs, and testing. The
preparation of the draft final report should be mostly be limited to polishing and editing
the material in the Engineering Notebooks to respond to previously provided su%gestlons
from the Federa Hi ghway Administration or to provide further clarification to the
Federal Highway Administration. Tasks A, C, and E require a thorough set of
documented reports. These interim reports will also be incorporated in the draft final
report. Because the System Functiona Specification is a separate deliverable item, this
specification will not be part of the draft final report.

~ This r%\port_shall be prepared in accordance with the “ Guidelines for Preparing Federal
Highway Administration Publications’ (FHWA-AD-88-001), dated January 1988, so that
any revisions to the draft final report will bein regards to technical content rather than

format.

The Government will review the draft final report and will furnish written comments
within 30 days after receipt.
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Section K - Task K Workplan

The final report shall describe the results of Task A through Task H. This task will
revise the draft final report produced in Task Jto reflect the Federal Highway
Administration review comments. The revision will incorporate suggestions and or
provide further clarification as needed. Because the System Functional Specification is a
separate deliverable item, this specification will not be part of the draft final report.

Thisreport shall be prepared in accordance with the “ Guidelines for Preparing Federal
Highway Administration Publications’ (FHWA-AD-88-001), dated January 1988.

_ The Government will review the final report and will furnish written comments
within 30 days after receipt. These comments will be responded to in order to assure
acceptance of the fina report.
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Section L - Plan A and Plan B Schedules
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SECTION L

In Vehicle Safety and Warning System
Schedule by Task

Task B Schedule

Task C Schedule

Task D Schedule

Task E Schedule

Task F Schedule

Task G Schedule

Task H Schedule
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APPENDIX B:
IVSAWS ENGINEERING CHANGE PROPOSAL 3
(ECP-003) OVERVIEW

This appendix outlines FHWA changesto the baseline IVSAWSworkplan. Overall, these changes
revised the baseline IV SAWSworkplan to expand the system design work and allow for analysis
of several system concepts.
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IVSAWS Engineering Change Proposal 3 (ECP-003) Overview

Introduction

On September 5. 1990 Hughes Aircraft Company was awarded a contract by the Federal
Highway Admi nistration%FHWA) to identify candidate advisory, safety, and hazard
situations for motorists, and provide functional specifications of an In-Vehicle Safety
Advisory and Warning System (IVSAWS) in sufficient detail to permit gradual
incorporation of these functionsinto automotive vehicles.

Asaresult of Task C (Communications Technol ogﬁ Selection), atwo-way spread
spectrum communication link was specified as the basis of the IV SAWS Communication
Subsystem. With this architecture, aranging function was identified for incorporation
into IV SAWS such that the distance from the vehicle to the roadway hazard can be
determined independent of other proposed IVHS Subsystems (e.g., Driver Navigation
Aide). Therational for incorporating ranging is to minimize false driver alerts and
maximize correct driver response to avalid warning by presenting the hazard aert to the
driver at the optimum vehicle-to-hazard separation. The ranging function was identified
as significant but not within the scope of the original contract. However, the spread
spectrum approach does offers a solution that provides simultaneous communication and
ranging support while enabling an integrated hardware implementation.

Near the end of the Task C Communication Architecture selection processit became
clear that FCC or NTIA licensing for the proposed spread spectrum system would be
difficult to obtain. Under direction from the FHWA, an evaluation of aternate
approaches was performed (ECP-002) in order to identify an architecture that could meet
both technical requirements and regulatory restrictions.

The examination of five candidate IV SAWS Communication Subsystem architectures
indicated that alow-cost system cannot be devel oped which also eliminates false alarms.
Also, based on IVHS comments response to several conference presentations, sufficient
interest existsto justify the development of afull system description(s), rather than a
single demonstration prototype. Thus, in conjunction with the FHWA 1VSAWS Future
Direction Memo, Hughes recommends that Task B (Advisory, Safety, and Hazardous
Situation |dentification) and Task C (Communications Technology Selection) be.
expanded to re-examine the highway problem with respect to IVSAWS and identify
alternate system concepts such that architectures with varying levels of functionality and
cost can be defined. Candidate system approaches include the following:

Narrowband communication with GPSranging
Wideband communication with two-way ranging
Céellular telephone (call-in)

Automatic Highway Advisory Radio (AHAR)
Low-power Highway Advisory Radio (LPHAR)
Radio Data System (RDS)

FM subcarrier modulation

TravTek

Socrates

Recommendations will be developed for the optimum technical approach(es) which are
applicableto I'VSAWS. These recommendations will be sufficient to guide follow-on
product development work.
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IVSAWS Engineering Change Proposal 3 (ECP-003) Overview

Systems engineering required to identify candidate system concepts, derive technical
re_c?w rements, predict expected concept technical performances, and document results
will take approximately 15 months and require an additional funding level of $292K.

Impact of Change on Workplan

The objective of the origina IV SAWS study was to identify candidate advisory, safety,
and hazard situations for motorists, and develop afunctional specification for an

IV SAWS to permit gradual incorporation of these functionsinto automotive vehicles.
The functional specification wasto define asingle “optimal” approach which could be
used for urban, rural, and secondary roads. A magjor emphasis of the study wasto
develop a proof-of-concept system which would implement key subsets of the desired
functionality and demonstrate functional conformance in a concept demonstration.

This ECP seeks to change this singular approach by expanding the “front-end” system
design work to consider several system concepts. Communication Subsystem hardware
development and test has been eliminated. Fabrication and test of the IVSAWS Driver
Alert Warning System (DAWS) driver-machine interface has also been eliminated. The
technical performance of candidate subsystem architectureswill be derived through
research, analysis, and simulation only. This change in focus impacts the IVSAWS
workplan. The mgjor changes in scope are identified below on atask-by-task basis.

Task A Develop Workplan)

Thistask is complete and there is no additional Task A work to be performed under this
ECP. The effort spent to modify the worlcplan (i.e. generate this ECP) has been assigned
aseparate program management line item.

Task B (Advisor-v. Safety. and Hazardous Situation | dentification)
Thistask is expanded to include the following work:

An IVSAWS concept conference will be held at the FHWA Turner-Fairbanks
facility in order to further define the usefulness of IVSAWSin avariety of
scenarios. The goal isto bound the functionality of candidate system concepts.
At the conference, new and previously identified IV SAWS hazard and advisory
applications are to be examined as part of an expanded study of potential

|V SAWS system applications. The various scenarios will be prioritized on a
scale which estimates the relative risk of each situation to the driving public.

An operational concept for deployment of an IV SAWS hazard warning unit will
be developed for each application, which addresses the actions required of the
individual s deploying the warning unit. Discussions will be held with
appropriate organizations to assess practicality in terms of awillingness to adopt
a agistem of thistype, the amount of time and attention available for deployment
tasks, equipment interface issues, user interface issues, reasonable system cost
limits, and other system issues identified by the organizations.

A subcontractor who specializesin the conduct of focus groupswill be
contracted to hold two meetings with sample cross-sections (8 - 10 qualified
members per group) of the rural and urban driving public in order to predict how
the IV SAWS end-user would want the system configured. Desired functionality,
end-user cost limits (retrofit and “add-on”), and specific situationsin which the
driver would find the system useful will be predicted from group responses.

The IV_SAWSfunctional_it?/ required to mitigate each hazard situation will be
determined. Tradeoffs will then be performed in order to identify that set of
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functions which will enable IVSAWS to effectively reduce crash frequency and severity for
“most” situations. Additional functional setswill be formed at logical functional-
effectiveness boundaries.

TASK C: (Select Communications Technology)
Thistask is expanded to include the following work:

- IVSAWS system architectures with varying levels of cost and functionality will
beidentified. Trade-offswill be performed between the architectures and the
functional setsidentified in Task B. Systems which maximize the functionality-cost
ratio will be identified for further study.

- For those system concepts identified as “ most promising”, system technical
performance will be estimated for key hazard and advisory scenarios.

Task D: (Procure and Modify Communications Equipment)

Thistask has been deleted since a Communication Subsystem will not be built.
Task E: (Driver Alert Warning System Definition)

Thistask is complete and no additional work is planned.

Task F: (Driver Alert Warning System Fabrication)

Thistask has been deleted since a Driver Alen Warning System will not be built.
Task G: (Concept Demonstration)

Thistask has been deleted since neither a Communication Subsystem or Driver Alert
Warning System will be built.

Task H: (Functional Specification)

Thistask was originally planned to allow for specification of asingle 1V SAWS concept with
sufficient detail to facilitate procurement of next generation hardware. Given the change of
focus as described herein and in the Future Direction memo, the task has been modified to
allow for functional descrintions of at least two system concepts. The descriptionswill bein
sufficient detail to guide follow-on product devel opment.

Task I: (Technica Summary)

Thistask has not been changed and, except for a schedule change, work will be performed as
described in the original IV SAWS workplan.

Task J: (Draft Final Report)

The scope of thistask has been increased to allow for incorporation of Task B and Task C
results from both the original contract and from the results to be obtained from new work to
be performed as part of this ECP.

Task K: (Final Report)

Thistask has not been changed and, except for a schedule change, work will be performed as
described in the original IV SAWS workplan.

Detailed statements of work follow. Currently, all work is scheduled for completion by
the end of June, 1993. A revised program schedule and cost to complete data are included
in this ECP package.
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EXHIBIT Il
REVISED WORK BREAKDOWN STRUCTURE (WBS)
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IVSAWS ECP-003 Rev 2 WORK BREAKDOWN STRUCTURE (WBS)

TASK DESCRIPTION,
WORKPLAN DEVELOPMENT (COMPLETE)
SAFETY & HAZARDOUS SITUATION IDENTIFICATION
COMMUNICATIONSTECHNOLOGY SELECTION

PROCURE AND MODIFY COMMUNICATION EQUIP.
(TERMINATED)

DEFINE DRIVER ALERT WARNING SYSTEM (COMPLETE)

DRIVER ALERT WARNING SYSTEM  (DAWY)
FABRICATION (TERMINATED)

DAWSCONCEPT DEMONSTRATION (TERMINATED)
FUNCTIONAL SY STEM DESCRIPTIONS

TECHNICAL SUMMARY AND FINAL REPORT
WORK PLAN - DRAFT FINAL REPORT

WORK PLAN - FINAL REPORT

ECP 001

ECP 002

ECP 003

PROGRAM MANAGEMENT
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EXHIBIT 111

REVISED STATEMENT OF WORK
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Task A - Workplan Development (WBSA)

The purpose of Task A was to develop a workplan and schedule for the IVSAWS
program. The workplan was completed and accepted by the FHWA per Department of
Transportation letter dated 6 November, 1990 (Robert B. Robel - FHWA Contracts).
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Task B - Advisory, Safety, and Hazardous Situation Identification
(WBSB)

~ The purpose of Task B was to identify roadway advisory, safety, and hazardous
situations. Formal approval of work was not required and Task B results were
incorporated into the Task C (Communications Technology Selection) final report.
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Task B Workplan (WBS B OFT AA)

The following subtasks are amendments to the original Task B Workplan which

erovides a base from which to develop candidate situations for the application of
SAWS and identifies candidate signalling recommendations.

This effort initiates the development of operational concepts that will be implemented
by the user community. By soliciting inputs from the user community early in the design
process, desired operational functions and features can be analyzed for feasibility and
then be used to modify the design when applicable. Work will include meetings with
members of the user community, development of enhanced operational concepts, and
investigations concerning the impact of current user community equipment on the
NSAWS system design.

: W ncept Conference

A mesting will be held at the FHWA Turner-Fairbanks facility in order to further
define the usefulness of IVSAWS in avariety of scenarios, so as to bound the
functionality of the system and aide the assessment of deployment practicality. Prior to
the conference, Hughes will prepare and distribute an information package to the
attendees which describes the system, developments to date, and key system parameters.
The package and presentation will be brief and geared for an audience without an
electronics background. Candidate attendees include representatives from the
DOT/FHWA, IVHS contractors (e.g., Mitre), school districts, law enforcement agencies,
trucking companies, state transportation departments, railroad groups, public safety
agencies (e.g., fire departments), private ambulatory companies, and farmer associations.

As part of the conference, IVSAWS hazard applications identified during Task B,
Subtask 4 of the original IV SAWS contract will be r-e-examined as part of an expanded
study of potential IVSAWS system applications. One new application to be included
must be mitigation of multiple vehicle crashes in fog or dust storms. Other new
applications are also to be considered. Based upon the analysis, the various application-
scenario pairs (hereafter called a“situation”) will be prioritized on a scale which indicates
the relative risk of each situation to the driving public.

Assuming a prompt and effective deployment of a hazard transmitter for each
situation, the potential of 1VSAWS to reduce accident frequency and severity will be

The hours and cost allocated for this subtask are applicable to Hughes personnel only.
Conference expenses for other attendees are not included in the cost.
A program review will be held at the FHWA prior to the concept conference.

A subcontractor who specializes in the conduct of focus groups will be contracted to
hold two meetings with sample cross-sections (8 - 10 qualified members per group) of the
rural and urban drivier(1? Bublic in order to predict how the IV SAWS end-user would want
the system configured. Desired functionality, driver sensitivity to false alarms, end-user
cost limits (retrofit and “add-on"), and specific situations in which the driver would find
the system useful will be predicted from group responses.

- loyment Practicality
An operational concept for deployment of an IV SAWS hazard warning unit will be
developed for each situation, which addresses the actions required of the individuals
deploying the warning unit (e.g., emergency response personnel). The system operational
concept and equipment design must take into account the unique needs of each user.
A subconuactor who specializes in the conduct of focus groups will be contracted to
hold sixty one-on-one meetings with representatives from the following deployment
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Task B Workplan (WBSB OPT AA): Advisory, Safety, and Hazardous Situation
|dentification

groups: law enforcement agencies, fire departments, paramedics, construction and road
maintenance crews, railroad operators, and ambulance drivers. For each operational
concept, the likely effectiveness and practicality of the individuals in performing the
deployment task shall be characterized. Discussions will be held to assess operational
concept practicality in terms of a willingness to adopt a system of this type, the amount of
time and attention available for deployment tasks, user interface issues, reasonable
system cost limits, and other system issues identified by the organizations. For those
operational concepts in which operation of the system is performed or managed remotely
by data fusion center personnel (e.g. police dispatch operators), these discussions will
include meetings with members from this segment of the “deployment” community.

After conduct of the focus groups, quipment interface data will be collected from
each of the five groups. The data will be reviewed and compiled. The impact of the
warning-unit/agency-equipment interface on IVSAWS depl oyment practicality and
system design will then be assessed.

Subtask 4. Functional Definition
The IVSAWS functionality required to mitigate each hazard situation will be
determined. Tradeoffs will then be performed in order to identify that set of functions
which will enable IV SAWS to effectively reduce crash frequency and severity for “ most”
gituatéor]s. Additional functional sets will be formed at logical functional-effectiveness
oundaries.
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Task C - Communications Technology Selection (WBS C)

The purpose of Task C was to select an IV SAWS Communications Subsystem
technologg and perform subsystem definition. Work for this task was completed and
accepted by the FHWA per Department of Transportation letter dated 12 July, 1991
(Robert B. Robel FHWA Contracts).

[FHWA B-12]



The following subtasks are amendments to the original Task C Workplan which
identified a spread spectrum IV SAWS Communication Subsystem architecture as the
basis of a system to be developed for the Task G concept demonstration. The additional
work will focus on the re-examination of alternative IVSAWS system architectures based
upon the results of Task B (WBS B OPT AA) and work previousdly performed under this
contract.

Several system concepts will be identified which meet IV SAWS technical
requirements to varying degrees. Candidate architecture alternatives include the
foilowing:

»  Narrowband communication with GPS ranging
Wideband communication with two-way ranging
Cellular telephone (call-in)

Automatic Highway Advisory Radio (AHAR)
Low-power Highway Advisory Radio (LPHAR)
Radio Data System (RDS)

FM subcarrier modulation

TravTek

»  Socrates

The former list may be modified based upon preliminary results of concept
applicability or identification of other attractive alternatives. For each system concept
identified, analysis will be performed to determine its technical performance and
projected cost. Cost estimates will be limited to in-vehicle unit costs and the cost of
IV SAWS-unique elements that must be supplied to or purchased by the agencies which
will deploy IVSAWS. Infrastructure costs (e.g., the cost of a cellular telephone network)
will not be estimated. Specific performance parameters will depend on the system
approaches selected. Work will include research, analysis and simulation as appropriate.

Subtask 1: Analyze |VSAWS System Architectures with Respect to Critical Functional

IVSAWS system architectures with varying levels of cost and functionality will be
identified. Trade-offswill be performed between the architectures and the functional sets
identified in Task B (WBS B OPT AA). Systems which maximize the functionality-cost
ratio will be identified for further study.

Subtask - TVSAWS Waveform Design

For each system architecture in which a dedicated transmitter is required or a
modification or addition to an existing infrastructure communication protocol is needed, a
communication waveform will be defined which specifies the following:

. Modulation type and emissions mask
. Transmit power
. Message length and structure

Based upon the outputs from Task B (WBS B OFT AA) and the IV SAWS Concept
Conference, waveform support will be defined for those functions identified as necessary
for each system concept and level of functionality.

Supplements or changes to the waveform required to support the mobile transmitter
platform, if any, will be identified. Techniques used to minimize transmitter message
collisions will be identified.

Task C Workplan (WBS C OPT AA)

*¢ © & & ¢ & O
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Task C Workplan (WBSC OPT AA): Select Communications Technology

For those system architectures and communication waveforms identified during
Subtasks 1 and 2, system technical performance will be estimated for the following
scenarios and/or conditions:

. (baseline) single transmitter environment, line of sight communication, 1.2 lan
Driver Alert Distance (DAD)

single transmitter environment, communication through dense foliage, elevation
differential between warning unit and vehicle, 1.2 km DAD

multi-transmitter environment with overlapping communication zones,
communication over aflat surface

a) 5 distinct hazards (fixed), same area of intended coverage
b) 1 hazard, 20 transmitters (mobile), only 1 message need be received

Performance in the above scenarios will be derived through research, analysis and
simulation only. No hardware will be procured, modified or tested. Simulation will be
performed on Hughes' Signal Processing Workstation. Technical performance with
respect to those parameters which can not be estimated through research, analysis and
simulation will be identified for future experimental study.

As necessary to support future field experimentation, applications will be filed with
the FCC or NTIA for experimental use of the following frequencies:

220-222 MHz channels designated for Government nationwide use
420-450 MHz or a segment thereof
825-845/870-890 MHz (cellular telephone)
. 902-928 MHz (license may be needed if required EIRP is greater than 4 Watts)

Implement '

Emerging technologies and available commercial hardware will be examined in order
to project how the subsystems which comprise the identified 1V SAWS system
architectures might be implemented. Cost projections will be included for each
subsystem implementation.

For each system architecture, the ac}/ equacy of using existing vehicle antennas to
implement basic communication and ranging functions will be determined. If existing
antennas can not be used, the use of dual-band antennas within the same form factor will
be investigated The radiation patterns of antenna architectures which can implement
each of the functions will be determined.

The impact on system performance when the in-vehicle unit is packaged as a retrofit
kit rather than an integrated system will be investigated. The connections required,
additional sensors needed, and what functionality would be lost in retrofit will be defmed.
A display which providas two 32 character lines of text will be used as a baseline.

i d SelectiQn.of Communication Subsystem Architecture(s)
A meet| ng will be held at Hughes' Ground System Group in order to review Subtasks
1 through 7 results and make Communication Subsystem architecture selections.
Recommendations will be made as to the optimum system approaches for varying levels
of functionality.

Subtask 8 Task C Final Report

Task C results and recommendations will be included in areport deliverable to the
FHWA.
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Task D - Communications Equipment Procurement and Modification
(WBS D)

The focus of Task D was to select and procure appropriate transmitter, receivers,
antennas, coders/decoders, and control processors in order to demonstrate key concepts
from the Task C specified (WBS C) communication system design. Task D work was
halted per Department of Transportation Stop Work Order dated 19 September, 199 1
(Robert B. Robel - FHWA Contracts). Work was completed or in progress for the
following subtasks:

Subtask 1 (completed) - Communication Equipment Survey
Subtask 2 (in progress) - Communication Equipment Procurement

No further Task D work is Flanned. This task has been deleted since a complete
Communication Subsystem will not be built.
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Task E - Driver Alert Warning System Definition (WBS E)

The purpose of Task E was to define the IVSAWS Driver Alert Warning System
man-machine interface. Work for this task was completed and accepted by the FHWA
per Department of Transportation |etter dated 5 February, 1592 (Robert B. Robel -
FHWA Contracts). No further Task E work will be performed.
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Task F - DAWS Fabrication (WBSF)

The focus of Task F was to select and procure appropriate display, speech
synthesizer, driver touch interface, coders/decoders, and control processors in order to
demonstrate key concepts from the Task E specified (WBS E) Driver Alert Warning
System design. Task F work was halted per Department of Transportation Stop Work
Order dated 25 March, 1992 (Robert B. Robel - FHWA Contracts). Work was in
progress for the foll owing subtask:

Subtask 2 - Component Procurement A purchase order for the Driver Alert Warning
System elements was submitted on 20 February, 1992. Per customer request, the order
was cancelled 20 March, 1992. No n-stocking or cancellation costs were incurred.

No fiuther Task F work is planned. This task has been deleted since a Driver Alert
Warning System will not be built.
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Task G - Concept Demonstration (WBS G)

The purpose of Task G was to structure and conduct tests and demonstrations of the
concepts developed in the I'VSAWS study. The tests were to include a sampling of the
most critical highway hazards covering arange of environmental and geometric situations
extensive enough to demonstrate the reliability of the system. One Communication
Subsystem (originally planned to be built during Task D) and two Driver Alert Warning
Subsystems (originally planned to be built during Task F) were to be used as the system
test hardware. This task was cancelled per Department of Transportation letter dated 25
Mafrch, 1392 (Robert B. Robel - FHWA Contracts). No Task G work has been
performed.
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Task H Workplan - Functional Descriptions (WBSH OPT AA)

Subtask 1: Generate |V SAWS functiona descriptions.

Thistask will describe the functions of at least two in-vehicle safety and warning
system (IVSAWS) concepts. The functional descriptions will delineate the operational
concept, the architectura design, the subsystem interfaces, the subsystem performance
Pa*ametera the subsystem physical characteristics and cost. These principle description
eaturesare summarized inthefollowing table. The functional descriptionswill address
operational issues, system messages, waveform &sign, and the RF parameters. The
architectural description of the IVSAWS system concepts has two principal subsystems
— theroadside or in-vehicle transmitter and the in-vehicle receiver. For each of these
three subsystems, the functional description will address subsystem functional
requirements and interfaces to the other subsystems.

ITEMS IN SYSTEM CONCEPT FUNCTJONAL DESCRIPTION

Operational concept
Significant Hazards to be Reported
Operation of the IVSAWS System (except driver interface)

Architectural Description
Roadside Transmitter
In-Vehicle Recelver/Transceiver
Waveforms and Message Structure

Interfaces
For each Key Subsystem (except driver interface)
Electrica
1/0 and Controls

Projected Performance
For each Architectural Element (except driver interface)
Technical Requirements
|/O Signal Description

Physical Characteristics o
For each Architectural Element (except driver interface)

Size (est.)
Environment

Cost (est.)
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Task | Workplan - Technical Summary (WBS | OPT AA)

Techni

Hughes will sﬁrqoarethe four-page technicd summary in accordance with the two-
column format shown in Attachment 8 of the IV SAWS contract. Recognizing that this
document will be used to sell succeeding phases within the Federd Highway
Administration, the Department of Transportation, and possibly to Congressional
committees, Hughes will use its technical publications activities to ensure that the
technical summary is a professional, concise summary of the effort.
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Task J Workplan - Draft Final Report (WBS | OPT AA)

The draft final report shall describe the results of Tasks B, C, and E. The material for
the draft final report will be drawn from the Engineering Notebooks which have been
used to document the results of significant analysis, tradeoffs, and testing. The
preparation of the draft final report should be mostly be limited to polishing and editing
the material in the Engineering Notebooks to respond to previously provided su%geetions
from the Federal Highway Administration or to provide turther clarification to the
Federal Highway Administration. Tasks C and E require a thorough set of documented
reports. These interim reports will also be incorporated in the draft final report, Because
the System Functional Specification is a separate deliverable item, this specification will
not be part of the draft final report.

This report shall be prepared in accordance with the “ Guidelines for Preparing
Federal Highway Administration Publications” (FHWA-AD-88-001), dated January
1988, so that any revisions to the draft final report will be in regards to technical content
rather than format.

The Government will review the draft final report and will furnish written comments
within 30 days after rec%ipt. A meeting will be held at Hughes Ground Systems Group
in order to review the drart and customer comments. A program review will be held
before the review of the draft final report.
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Task K Workplan - Final Report (WBS I OPT AA)

The final report shall describe the results of Tasks B, C, and E. This task will revise
the draft final report produced in Task J to reflect the Federal Highway Administration
review comments. The revision will incorporate suggestions and or provide further
clarification as needed. Because the System Functional Specification is a separate
deliverable item, this specification will not be part of the draft final report.

This report shall be prepared in accordance with the "Guidelines for Preparing
Federal Highway Administration Publications" (FHWA-AD-88-001), dated January
1988.

The Government will review the final report and will fumnish written comments
within 30 days after receipt. These comments will be responded to in order to assure
acceptance of the final report.
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Engineering Change Proposal 1 Preparation (WBS L)

The purpose of Engineering Change Proposal 1 (ECP-001) was to expand the scope
of the original 1IVSAWS contract to allow for development of a semi-custom transceiver.
The FHWA instructed Hughes to examine alternatives to a full-scale prototype
transceiver development and submit an ECP which would enable demonstration of the
integrated communication-ranging waveform defined in the Task C (Communication

Technology Selection) report.

The proposal, submitted 6 August 1991, was not exercised and the cost of ECP-001
preparation only has been included in the total cost of ECP-003.

,,,,,,,
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Engineering Change Proposal 2 (WBS M)

The purpose of ECP-002 was to evaluate candidate IVSAWS Communication
Subsystem architectures with respect to a set of evaluation criteria. The IVSAWS
Communication Technology Selection (Task C) Report selected a Communication
Subsystem architecture that featured a spread-spectrum waveform. The spread-spectrum
approach offers a solution that provides simultaneous communication and ranging
support while enabling an integrated hardware implementation. However, the five to ten
megahertz bandwidth required to support the subsystem would be difficult to obtain at the
desired o eJJeran ng frequency (i.e. below 500 MHz). Thus, aternate architectures were
evaluat d results were documented in areport to the FHWA.

ECP-002 was ne?otl ated and incorporated into the modified MAWS contract (MOD
2) per Department of Transportation letter dated 24 January, 1992 (Robert B. Robel -
FHWA Contracts) The negotiated additional funds have been added to WBS CA.
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Engineering Change Proposal 3 Preparation (WBS N)

~ The cost to prepare this Engineering Change Proposal has been assigned to a separate
lineitem (WBS M). ECP-003 pnparation costs include that to prepare the draft ECP
review the draft at the FHWA (including travel expenses), prepare financial backup, ad

finalize the draft.
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EXHIBIT IV

REVISED PROGRAM SCHEDULES
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REVISED SCHEDULE

IVSAWS ECP-003 PROGRAM SCHEDULE

IVSAWS ECP-003 TASK B SCHEDULE (WBSB)

IVSAWS ECP-003 TASK C SCHEDULE (WBSC)

FHWA B-27 to B-29


HTTP://ntl.bts.gov/lib/jpodocs/edldocs1/6463/FHWAb27.pdf
HTTP://ntl.bts.gov/lib/jpodocs/edldocs1/6463/FHWAb28.pdf
HTTP://ntl.bts.gov/lib/jpodocs/edldocs1/6463/FHWAb29.pdf

APPENDIX C:
INVEHICLE SAFETY ADVISORY AND WARNING SYSTEMS,
TASK B-FINAL REPORT

This appendix consists of the fina task B report that describes the definition and prioritization of
candidate adwsorK safety, and hazard situations that could be affected by IVSAWS. Included in
the report are methods and rationale for situation selection, cases illustrating selected crash
SItuat|ons and a privatization of identified IVSAWS apphcatlon scenarios.
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In-Vehicle Safety Advisory and Warning Systems
Task B -- Final Report

10  Introduction

This document constitutes the final report for the UMTRI subcontract for Task B - In-
Vehicle Safety Advisory and Warning Systems (IVSAWS) (DTFH61-90-R-0030). This report
describes the definition and prioritization of candidate advisory, safety, and hazard situations that
could be affected by IVSAWS. Included are methods and rationale for situation selection, cases
illustrating select crash situations, and a privatization of identified IV SAWS application scenarios.

2.0  Ddineation of Contractor Tasks from RFP

[dentify candidate advisory, safety, and hazard situations, and using recent rural and urban highway
accident data, develop ranking criteriato determine the severity of accidents; list them in ahierarchical
order according to potentia benefits to safety and traffic operations (i.e., operational performance and
estimated relative frequency of occurrence)...Determine which situations could be helped by an
IVSAWS. Refer to Chapter 11, “ The Highway Safety Problem” of FHWA/RD-81/124 Report for
guidance.

Using the Manual of Uniform Traffic Control Devices (MUTCD) as a guide, develop ranking criteria
and apply them to determine which waming and regulatory signs should be replicated within a
motorist’s vehicle to improve safety and traffic operations. Use human factor analysis to make a
realistic determination of which messages shall affect the proper response given the attention needed
for the driving process. To reduce driver annoyance, a method to defeat or defer frequently repeated

messages shall be found.

As stated in the Task B workplan, FHWA report FHWA/RD-81/124 -- Feasibility and
Concept Selection of a Safety Hazard Advance Warning System is inadequate for determining
crash situations that could be ameliorated through implementation of 1VSAWS technologies. To
improve the state of knowledge about possible crash scenarios that could benefit from IVSAWS
we held severa group discussions involving experts in intelligent vehicle-highway systems
(IVHS), highway design, crash data analysis, accident investigation and reconstruction, and
human behavior.

The initial discussion focused on identifying crash data that could help pinpoint and rank
crash situations that could be remedied by an IVSAWS technology. This first meeting began

[FHWA C-4]



with a brainstorming session to determine afew crash situations we believed could be affected
by IVSAWS. This was done to provide sufficient background information for development of
a data analysis and prioritization system. Results from the FHWA report (FHWA/RD-81/124)
were reviewed and professional observations from the group members experience were used to
develop a short list of crash situations. From this discussion it was determined that identifying
crash situations amenable to 1VSAWS applications and subsequently ranking these applications
based on the analysis of extant crash data sets was infeasible. Existing computerized crash data
sets provide insufficient data detail to conduct analyses that would provide the type of
information necessary to identify crash situations amenable to IV SAWS technologies with
-sufficient specificity.

At this point it was determined that the best course of action was to convene group
discussions to identify specific crash situations amenable to 1V SAWS technologies using the
experience and knowledge of the experts involved in the discussions. Once specific situation
types had been identified, areview of detailed crash investigations was conducted to identify
individual casesthat would illustrate the general crash scenarios.

However, the use of mass statistical data was not abandoned altogether. Examination of
crash data from the states of Michigan and Washington, as well as the 1988 General Estimates
System (GES, a probability sample of al police-reported crashes occurring in the U.S.) was
believed to be useful in helping to bound the number of crashes involving some scenarios. While
insufficient detail is available in these data setsto examine all of the scenariosidentified by the
group discussions, scenarios represented by sufficient data were examined,

30  Crash Scenarios Amenable to IVSAWS Technologies

In general, it is our belief that IVSAWS technologies are best applied in situations in
which the risk of a crash which is relatively high, the risk is known in advance and the situation
occurs infrequently. In addition, the severity of the crash which is risked would preferably be
high. Further, 1V SAWS technologies are well suited for sites with relatively high travel speeds
that act to both reduce reaction time available for collision avoidance and increase crash severity.
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In order for IV SAWS technol ogies to be maximally effective they should be applied in
ways that reduce driver habituation effects. That is, the systems should be activated infrequently
to avoid the situation of drivers ignoring frequently occurring warnings (spurious or real). Itis
equally important that warnings be issued only to vehicles that can benefit from the advanced
warning. Reception of warnings by drivers who are not at risk will likely act to reduce the
attention paid to all 1V SAWS warnings, reducing their effectiveness.

In the discussion to follow, each of the IVSAWS application scenarios identified by the
group discussions is detailed. For some of the scenarios, cases of specific crashes are provided
illustrating the general crash scenarios.

3.1 Accident-involved or disabled vehicles

An advanced warning of adisabled vehicle ahead could prevent drivers from crashing into
the disabled vehicle from the rear or prevent drivers from having to perform a radical avoidance
maneuver that could force them into oncoming traffic or into some roadside obstacle like a ditch,
utility pole, or tree. Such a system could be activated automatically via crash sensors similar to
those used to activate airbags or the system could be activated manually by the driver. If
IV SAWS was implemented so that the automatically-generated warning (activated by a crash)
also sent out a distress signal to police (augmented with a vehicle location code), the system
could effect asignificant reduction in death and injury outcomes by reducing the response time
for emergency medical treatment. Such a “ mayday” signal could perhaps be sent only in crashes
having a sufficient delta-V that seriousinjury to vehicle occupants was likely.

Such an automatically activated system may have been of benefit to reducing the crash
trauma induced in the recent chain-reaction crashesin Tennessee and Utah which were caused
in part by high travel speeds and limited sight distance which obscured vehicles disabled by
previous crashes. Two cases involving collisions with disabled vehicles in the roadway follow
to illustrate this application’.

‘Cases are taken from crashesinvestigated by the UMTRI crash investigation team headed by Dr. Donald Huelke

and sponsored by the Motor Vehicle Manufacturers Association.  Cases were selected from over 500 reviewed
representing crashes occurring in Washtenaw County, Michigan from 1986 through 1990 involving late-model cars in

which at least one occupant was injured.
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IVSAWSApplication Case 1

Accident Involved or Disabled Vehicles
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Case Vehicle (A): 1985 Volkswagen Vehicle (B): 1975 Buick

Type: GTI, 2-Dr. HB Type: Regal, 2-Dr. Sedan
Driver: 16-Yrs,, Male Driver: Unoccupied
Situation

At about 1907 hours on Saturday, January 18,1986, case vehicle (A) wastraveling at an
unknown speed in the left southbound lane of Huron Parkway, a 4-lane asphalt parkway on the
eastsde of Ann Arbor. Vehicle (B) had run out of fuel in the left southbound lane and was left
unattended with its parking lights on, but not its 4-way flashers. Perhaps due to the fog and the
low visibility of the parking lights, the driver of the case vehicle (A) failed to see vehicle (B) in
time to avoid a collision. Even though case vehicle (A) veered to theright at the last instant it
struck the rear right comer of vehicle (B). Both vehicles then lightly slapped together, but their
final positions are unknown. At the time of impact (B) was parked and the impact speed of case
vehicle (A) was estimated to be 48-58 kmph.
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[6-0 vMHA]

CASE NO.: UM-2347-86 DATE/TIME:1 -18-86 / 1907 HRS.

CASE VEH.(A): 1985 VOLKSWAGEN WEATHER: FOG
TYPE: GTI, 2-DR. HB ROAD SURFACE: WET
DRIVER: 1 6-YRS., MALE ROAD CONSTRUCTION: ASPHALT

VEH. (B): 1975 BUICK REGAL

e WYORTH

HURON PARK WAY

ZJDAI?KE'D



v 1183
Py

State of Michigan

Depertment Nerme

.IAL TRAFFIC ACCIDENT REPORT | ./

LEIN Number et 1N v urt

/?LL/j- | 2/2

-

u?/m Ciry 5

Section No. |Day of Week

SMTWT

Accident Ostg. Mo
) O/ /;A’ 34

a/Yr | Time

7.0 76

Doﬁ ‘_2 3 4

-

EN -Ar.-\"’ £

-. 6‘.-.
- r
; RAARN

Name cute No. Int lon Routs Nos.
o, ZOFH®: & (NS T2
WEATHER LIGHT ROAD SURFACE TOTAL t Divi Total No.
1_Clewe o Cloudy 3 Rain 3 Streatlights| 1 Ory 3 Snowyorlcy uzfs 2 L“:i: Accass ¥ @consruction Zone | Vehugtes
2 ¢ Snow | 2 Dewnor Dusy()Dwee Cve 4 Othor or” CON tnventioated at Scane
e _ werg L) DOB8: Mo/Oa/ xlnxg:'sous Citation Charge Test Hulém g
Q5L INomber NI BASTE ¥ & H
Stars Sex CI? >
Vird
g Remaved to/by
31211/ IVeIDR0173 f-'\ilév?.?/ |_dsesipls Lane szl
N _Haz. Ciration ‘v ehicle Dafect |°Y uel Loekage | n ity | Truck Carga: ; "
) Citation v ehicte Orivable |* ¥ (N Yehicte Firs c:,,: m,z:,h" /\//¢
A dy Pos. | Age ). | Heimet
e ElAr telie
1B = &7/ e
sl 8 vy N
Local Use/Owner, Phone Insurance Co. Agency Addres injured by
""’4;\ oy & g‘qg()
Sote Oriver’s Liconss £0B8: Ma/Ds/Yr Hlnrdaun Citation Charge Test | Heimet| o
thl:m Y N %
Oriver’s Name: First Address Ciey Seate Sex | Inj. ;
8
Your [ Make No. | Type VIN Remaved to/by »
Bloiy 1/ Lfa8 70 5/ 65953% ;Azqmm_
by’ . T ey Impact ity | Truck Cargo: Class
v Citstion Y N Vehiche Defect [°Y N Fuel Lesksge .
Ceeton v N vmigsoon [v nveintn | & |5 |onCmsim 7
. “Rame Address Pos. | Age | Sex | Inj. [Heimee
ey ok RIS "
i s s 12 =547 3872 27, |- n
v s . . -;-y_‘l oA ’n-o-r- e $prn - P 4 S
d e WS =Y =39 " YISD = - v
Co. Agency Addrem Injured taken ﬁ
=0 I G 7 7 e =
: I H o Accmengsscmmou AND nemnxs_r_ snpua:_) N §>__

.............................

4 ey

D.—ﬂ

LerT gl . T2 MZWM

s

fm

(23 ol J Daysrl LT oh s mEA’

L’

=/ w&___&_aaLéém;

4
;" BEER ot AL D) TTHE 1 AT

389D 81 | IA/RQ/

| LRl PRBS XD, AHRINAR) ) |
CHINED  Fhesy  gme 2B L/E SO

o] FCLO

............ :._-‘-:.....---.. E...u-.-.:..u.-.u.n.u--.-...u- W :E-——- : ‘ ,é / /)I'h A.‘,T §
-] 5 | % 2 T s mP F/ s S
# E‘_“ ',. - et s &;
SweD 70 . -.,?./b.? 2wt
[ : N e | THE LTENTE ON AS pE IS THES S
: . All Traffie
ST, Cormionien| Tpe oy rgan). ™
>octed: Mo{Da/Yr {Tine

ot 70

2tos Comp. D1spo; n
b | o Corm)

n Advised of Da

b /Sx)ﬂua&‘ &5670’3':;

Damsged Pruwwﬁ Vehicles
Owner Add

/Y.

¢ ~Accident Description and
Tarks” arss for explanation.

“FORWARD COPY TO: Michigsn Dey

7150 Harris (

ged Tratfic Contral Device

V7.

[FHWA C-10] fion

PENALTY:

AUTHORITY: Sect. 622, Act 300, P. A, of 1949
COMPLETION: Required
Misdemeanor




IVSAWS Application Case 2

Accident Involved or Disabled Vehicles
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Case Vehicle (A): 1987 Chevrolet Vehicle (B): 1977 Chevrolet

Type: Celebrity, 4-Dr. NB Type: Impala, 2-Dr. Cpe.
Driver: 33-yrs, Mde Driver: 41-yrs., Male
Situation

On Friday, January 23, 1987, at about 1842 hours case vehicle (A) was southbound at a
driver estimated speed of 56 kmph uphill in the curb lane of Washtenaw Avenue, a 4-lane asphalt
arterial roadway through the residential area of southeast Ann Arbor, Vehicle (B) was northbound
at an unknown speed in the curb lane. Just prior to the intersection with Brockman, southbound
vehicle (Z) was disabled in the curb lane. As case vehicle (A) approached the intersection, the
driver did not redize that vehicle (Z) was disabled until the last instant. The driver made a sharp
correction to the left causing case vehicle (A) to avoid vehicle (Z). Case vehicle (A) then
crossed the centerline into the path of vehicle (B) where the two struck head-on. Both vehicles
came to rest locked together, but their exact position is unknown. The impact of vehicle (B) was
estimated to be 24 to 32 kmph while that of case vehicle (A) was 28 to 36 kmph.
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CASE NO.: UM-2447-87 DATE/TIME: 1-23-87/1 842 HRS.
CASE VEH. (A): 1987 CHEVROLET WEATHER: CLEAR

TYPE: CELEBRITY, 4-DR. NB ROAD SURFACE: SNOWY

DRIVER: 33-YRS., MALE ROAD CONSTRUCTION: ASPHALT
VEH. (B): 1977 CHEVROLET IMPALA
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3.2 Crash site -- Police Activated

Thisapplication issimilar to the previous one except that the deployment of the system
differs. In this application, a transmitter is programmed and placed at the crash scene by police
much like flares might be deployed, currently. Police could select an appropriate message to
assist with traffic control at the crash scene. Once again, secondary collisions at the crash scene
and crashes caused by avoidance maneuvers are the target of this I[VSAWS application.

3.3 Disabled Truck at Roadside

In this application IV SAWS warning would be activated to supplement or replace
reflectors at the roadside. This application would be particularly useful on primary and interstate
highways where travel speeds are high. One case involving collisions with a disabled truck at
the roadside follows to illustrate this application.

[FHWA C- 16]



IVSAWS Application Case 3

Disabled Truck at Roadside
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Case Vehicle (A): 1986 Ford Vehicle (B): 1977 Mack

Type: Escort LX, 2-Dr. HB Type: DM-800ST, Tractor-Trailer
Driver: 55-yrs., Female Driver: Unoccupied
Situation

At about 1310 hours on Monday, February 24, 1986, case vehicle (A) was southbound
at adriver estimated speed of about 80 kmph on Rawsonville Road, a 2-lane farm area road
southeast of Willis. Southbound vehicle (B) had broken down and was parked along the west
side of the roadway, but well into the southbound lane because there was a ditch on the west side
of the road. The driver was underneath the semitrailer working on the brakes. The driver of
case vehicle (A) did not recognize that vehicle (B) was parked and case vehicle (A) struck the
rear left comer and dual wheels of the vehicle(B) semitrailer. Vehicle (B) was not available for
inspection, but as stated above it was stopped at the time of impact and the speed of case vehicle
(A) could not be estimated. However, by assuming a barrier type of impact a delta-v was
calculated using only the damage of case vehicle(A). The calculated delta-v for the assumption
was 32 kmph.

[FHWA C-18]
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3.4 School Bus or Other Special-Vehicle Hazard

Many special-use vehicles create hazards because of repeated stops or slow travel speeds
relative to regular traffic. Crashes resulting from the operation of these vehicles may be the
result of impacts with the special vehicle itself or with traffic backed up behind ‘the vehicle or
manoeuvering around the vehicle. An IV SAWS system could provide driverswith awarning of
the upcoming hazard in sufficient time to slow to react to the upcoming situation. Two cases
follow toillustrate this application. One case involves a car striking a slowly moving snow-
plow/salt truck on an interstate highway, the second involves acollision of acar with acivilian
car used as amail delivery vehicle.

[FHWA C-21]



IVSAWS Application Case 4

School Bus or Other Special-Vehicle Hazard
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IVSAWS Application Case 5

School Busor Other Special-VehicleHazard

[FHWA C-25]
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3.5 Highway Construction Zones

IVSAWS transmitters could be deployed to accurately reflect the changing conditions at
and around construction zones. Work crews could change the transmitted message to reflect
current road conditions as work progresses and changes in character. In this way, drivers would
be presented with the most timely information, reducing the likelihood that they will dismiss
messages as not being pertinent.

3.6  Traffic Backups

IV SAWS transmitters could be deployed to notify drivers of impending traffic backups.
This may not be practical for some recurrent traffic congestion problems. In recurrent situations
the message may be so repetitive as to cause driver habituation, thus diminishing the value of

the message. However, this application may be more practical in nonrecurrent traffic backup
situations.

Traffic may backup as a result of a crash or other roadside or off-road event (via lane
blockage or “gapers block”). In these cases, police or other emergency personnel may set up
IVSAWS transmitters to inform up-stream traffic of the upcoming blockage. Ancther likely
application is at locations on the highway where traffic backups are frequent, but are not so
regular in occurrence that driver habituation becomes an issue. Such alocation is at or near
construction zones. A case describing a crash that occurred up-stream of a construction zone
where traffic had backed up well in advance of the construction zone is described on the
following pages.

[FHWA C-28]



IVSAWS Application Case 6

Traffic Backups
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Case Vehicle (A): 1988 Dodge
Type: Ram Raider, 3-Dr. MPV
Driver: 18-yrs, Mae

Vehicle (C): 1981 Pontiac
Type: Phoenix LJ, 5-Dr. HB

Driver: 51-yrs, Mae

Vehicle (E): 1986 Buick

Vehicle (B): 1985 Freightliner
Type: COE 6 x 4 Tractor-Trailer
Driver: 49-yrs., Male

Vehicle (D): 1976 Chevrolet

Type: Camaro, 2-Dr. Coupe
Driver: 32-yrs., Female

Vehicle (F): 1973 Dodge

Type: Electra Park Avenue, 4-Dr. NB Type: Motorhome
Driver: 46-yrs, Mae Driver: 64-yrs., Male

Thisisamultiple vehicle fatal crash with fire.

Situation

At about 0850 hours on Thursday, August 11, 1988, case vehicle (A) was reported to be
traveling at an unknown speed in the right lane of US-23(NB)/M-14(WB), a 4-lane divided
concrete expressway north of Ann Arbor. Vehicles (E), (D), (C) and(B) were westbound at
unknown speeds in the left lane while vehicle (F) and other traffic (S) thru (Z) were westbound
in the right lane. Due to construction ahead al traffic was stop-and-go except ca