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Executive Summary 
 
This document summarizes the Cooperative and Autonomous Systems Workshop 
presented by the National Automated Highway System Consortium (NAHSC) to the U.S. 
Department of Transportation (USDOT) on the 27th and 28th of April, 1998.  The 
Workshop goal was to transfer the knowledge gained by the NAHSC regarding 
cooperative and autonomous systems to the USDOT’s Intelligent Vehicle Initiative (IVI) 
team.   
 
An “autonomous” vehicle system is defined as one that is expected to work reliably 
without help, regardless of the ambient or external state.  A “cooperative” system is one 
in which performance is enhanced through some form of cooperation between the vehicle 
and other vehicles or the infrastructure; this cooperation could be as simple as reflectors 
on the rear of all vehicles; or complex as continuous communications between close 
vehicles or with the infrastructure. 
 
Workshop Format   
 
The Workshop covered two full days.  The USDOT limited attendance  to the 
government’s IVI team and Consortium presenters to help maximize the opportunity for 
free and open discussions.  A total of 36 people attended the Workshop.   
 
Brief introductions were given by both USDOT and NAHSC representatives to set the 
stage for the Workshop.  The state-of-the-art for autonomous vehicle collision 
avoidance systems was then given followed by a briefing defining cooperative systems 
and how they might help solve some of the problems faced by autonomous systems.  
Follow-on briefings then presented detailed analytical and demonstration data that 
showed what the effect of cooperation might be on autonomous collision avoidance 
systems.  Briefings on topics that cut across both autonomous and cooperative systems 
were then given on topics such as societal and institutional lessons learned, liability, use 
of case studies, need for human factors research, critical enabling technologies, market 
packages, and evolution of collision avoidance systems.  
 
Discussion periods were held at the end of both days so that key points and implications 
could be discussed.  The goal was not that everyone had to agree by the end of the two 
days, but that the pros and cons of all issues were known and discussed by the attendees. 
 
Key Points   
 
Some of the key observations and conclusions made in the presentations were as follows: 

· The Workshop summarized only a small part of the overall NAHSC work; other 
documentation is available that describes the NAHSC’s total work effort (Section 
1.2, Background, and Section 3.1, NAHSC Perspective) 

 
· Today’s autonomous systems technologies cannot reliably perform the required 
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tasks of collision avoidance except for basic systems that only provide driver 
warning (Section 3.2, Autonomous Collision Countermeasure Systems) 

 
· Cooperative systems, even inexpensive passive cooperation, can substantially 

increase the accuracy and robustness of collision avoidance systems (Section 3.3, 
How Cooperative Systems Can Help) 

 
· The NAHSC has developed a suite of tools for estimating the benefits of collision 

avoidance services; additional work is needed to complete the tailoring of these 
tools for IVI (Section 3.4, Quantitative Analyses of Cooperative and Autonomous 
Vehicle-Highway Systems, and Section3.8, Evaluation Systems and Tools Status) 

 
· Cooperation of collision avoidance systems would greatly increase both vehicle 

safety and highway capacity (Section 3.5, Safety and Capacity Analysis)  
 
· As the level of cooperation of Adaptive Cruise Control (ACC) systems increases, 

the level of safety and capacity would increase, and the driver’s level of comfort 
would increase because of fewer false alarms (Section 3.6, Analysis of 
Transmitted Information) 

 
· Autonomous ACC vehicles would actually decrease highway throughput at lower 

market penetration levels; this is because of the conservative vehicle separations 
that would be maintained. As autonomous ACC market penetration continues to 
grow beyond 50 percent, there would be a slight increase in throughput.  
Cooperative ACC vehicles would increase highway throughput as vehicle 
penetration increases to the point that some cooperation becomes possible.  
Throughput could double when 100 percent market penetration is reached 
(Section 3.7, System Performance for Differing Levels of Cooperation) 

 
· Detailed data collected at the 1997 Demonstration in San Diego confirmed the 

modeling and simulation results showing that the cooperative systems 
demonstrated had higher accuracy, less sensing noise, better opportunities 
possible for fault detection and data fusion, and more robustness to accommodate 
component failures when compared to specific autonomous systems (Section 3.9, 
Lessons Learned from Demo ‘97 on Cooperative and Autonomous Systems) 

 
· Ten of the twelve societal and institutional areas that were researched by the 

Consortium are directly applicable to the IVI; this includes liability, licensing, 
transit use, etc. (Section 3.10, Societal and Institutional Lessons Learned) 

 
· The NAHSC case studies were very useful in both assessing new technologies in 

a real world environment, and in building grass-roots support for the services.  
Case studies will be a necessary preliminary step for IVI operational field tests 
(Section 3.12, Case Studies) 
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· If the overall safety of the vehicle-highway system is increased, then liability was 
not viewed as a major problem by attendees at a Liability Workshop (Section 3.13, 
Liability Issues) 

 
· Human factors research is necessary, particularly for systems in which additional 

information is presented for quick use by the driver, or where partial vehicle 
control is assumed; inattentiveness may increase as the level of control assumed 
increases (Section 3.15, Needed Human Factors Research) 

 
· Ten capabilities needed for many of the IVI collision avoidance systems were the 

focus of NAHSC research.  The problems in developing these capabilities must 
be solved before effective collision avoidance systems can be developed: 

� Know where other vehicles are 
� Handle obstacles 
� Know vehicle location in the lane 
� Control the vehicle 
� Know absolute position while moving 
� Know vehicle braking capability 
� Know other vehicle movement and intent (vehicle-vehicle 

communications) 
� System reliability 
� Avoid clutter in environment 
� Miscellaneous (actuators, entry and exit, driver condition monitoring, etc.) 

 
The biggest challenges will be: 

� Obstacle detection 
� Predicting braking capability 
� Separating returns from clutter 
� System reliability 
� Human factors 

 
While some functions can be performed autonomously, cooperation (even passive 
cooperation) will help perform many of the critical functions, and will enhance 
autonomous operation when cooperation is possible (Section 3.16, Critical 
Enabling Technologies) 

 
· An analysis of the services that involve driver warning and/or vehicle control 

identified 93 separate services or market packages, each with its own level of 
capability.  An additional analysis looked at what cooperation would add to 
these services.  It was concluded that even a small degree of cooperation can 
have a big benefits payoff (Section 3.17, Market Packages for Cooperative 
Systems) 
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· The Consortium had addressed the “chicken-and-egg” problem; why would 
consumers buy vehicles if the infrastructure is not equipped for cooperation; and 
why would transportation agencies equip roadway for equipped vehicles if there 
are none?  Several transition approaches were described to show that evolution 
to cooperative systems is possible (the cellular telephone is a recent example).  
But it was pointed out that the transition would not occur without a long term goal, 
a public/private partnership, and USDOT support (Section 3.18, Deployment: 
How Do Progressively Advanced Systems Roll Out Over Time?) 
 

· There is considerable interest among some state and regional transportation 
agencies to move forward with more fully automated systems because of the 
potential benefits; one example of this was given discussed.  The Arizona 
Department of Transportation worked jointly with the NAHSC in a case study of 
the highway between Phoenix and Tucson.  A plan was laid out for evolving 
from today’s new express lanes to a fully automated roadway in 20 years (Section 
3.19, Arizona’s I-10 Express Lane)  

 
Incomplete Work   
 
Because of the abruptness with which the Consortium work ended, there are many areas 
in which Consortium work is incomplete and in which further research and analyses are 
needed as the IVI program proceeds.  Some, but not all, were discussed at the Workshop. 
 Below is a summary of those discussed during the two days; 

· The tool set developed by the NAHSC was partially modified to allow its use for 
IVI collision avoidance services; completion of the modification of this tool set 
would give the IVI some very powerful tools for continued benefits evaluation. 

· The 1997 demonstration provided an opportunity to view actual performance 
variations between autonomous and cooperative systems; additional prototype 
testing could provide the basis for solid decision-making by the IVI team. 

· The IVI program will need the support of the community and the state and 
regional transportation agencies as concepts and designs are proposed, and as 
field operational tests are planned.  The NAHSC work in societal and 
institutional issues should be extended to IVI; in particular, case studies leading to 
field operational tests will be necessary. 

· Enabling technologies are crucial to IVI; several promising enabling technology 
research efforts had to be terminated before results were known and before their 
full potential could be assessed.  Some of these should be continued. 

· There are several human factors issues that should be addressed prior to definition 
of IVI field operational tests. 

· The IVI program needs to define some long term goals to bring meaning and 
focus to the near term efforts, and to allow planning to begin on how collision 
avoidance services should/could evolve from today to meaningful benefits in the 
future. 
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Goals Were Met   
 
The USDOT indicated that their goals for the workshop were met.  The USDOT will 
determine the extent to which the IVI program will invest in cooperative systems and 
longer term research so that effective, robust collision avoidance systems can be 
available in the twenty first century. 
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Introduction 
 
This document summarizes the Cooperative and Autonomous Systems Workshop 
presented by the National Automated Highway System Consortium (NAHSC).  The 
Workshop was held at the Loew’s L’Enfant Plaza Hotel in Washington, D.C. on the 27th 
and 28th of April, 1998.   
 
1.1_ Workshop Goal and Scope 
 
The Workshop was requested by the United States Department of Transportation (USDOT) as the 
final deliverable of the NAHSC.  The goal was to transfer the knowledge accumulated by the 
consortium regarding cooperative and autonomous systems to the USDOT’s Intelligent Vehicle 
Initiative (IVI) program personnel so that they could determine the extent to which cooperative 
programs might be a part of the IVI program.   
 
The Workshop materials provided a high level summary of the work done over the past year that 
directly relates to both autonomous and cooperative systems.  In addition, an overview was 
provided of some work that cuts across both autonomous and cooperative systems: 

· Societal and Institutional 
· Human Factors 
· Stakeholder 

Interaction 
· Enabling 

Technologies 
· Evolution of Automated Vehicle-Highway Technologies 

 
There were several major NAHSC efforts in the past year that were not addressed in the 
Workshop [1].  These efforts are described in the next section, under Consortium Redirection and 
Termination.   
 
1.2 Background 
 
The AHS Program – The USDOT established an Automated Highway System 
(AHS) program because research has clearly indicated that automated vehicle control 
can offer major improvements in highway safety and efficiency [2].  The AHS 
program goal was to apply computer, communications and vehicle control 
technologies to the U.S. vehicle-highway system in order to greatly improve highway 
safety and efficiency in the twenty-first century, in many cases using the existing 
highway infrastructure.  A key element was definition of the evolution from the 
near-term use of automation technologies for vehicle safety, to fully controlled 
vehicles in the future [3].  
 
The NAHSC Formation – In late in 1993, the USDOT issued a request for applications 
for a cooperative research and development program that would lead to a prototype 
fully automated AHS [3].  In October, 1994, the NAHSC was selected after 
competitive evaluation.  The agreement between the NAHSC and the USDOT 
charged the NAHSC to demonstrate AHS technical feasibility in 1997, and identify, 
prototype and specify the preferred AHS concept for the U.S. in the 21st century.  
The NAHSC agreed to share at least 20 percent of the total cost, without any profit or 
fee, and to use 35 percent of all federal funds for contracting with non-Core 
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Participants.  
 
The Consortium was a unique public/private partnership whose mission was to 
evaluate AHS potential, and to specify and prototype a practical AHS for deployment 
in the United States.  It is expected that AHS will be the next major improvement in 
our surface transportation system.  An integral part of this effort was to foster the 
development and early application of safety and control technologies to provide early 
benefits to all highway users.  The nine Core Participants were Bechtel, the 
California Department of Transportation (Caltrans), Carnegie Mellon University, 
Delco Electronics, General Motors, Hughes Aircraft, Lockheed Martin, Parsons 
Brinckerhoff and the University of California’s Partners for Advanced Transit and 
Highways (PATH).  
 
In addition to the Core Participants, the NAHSC included over 120 Associate 
Participants representing nine categories of stakeholders in the future of highway 
transportation:  (1) local and state government agencies, (2) transportation users, (3) 
transit, (4) environmental interests, (5) highway design industry, (6) vehicle industry, 
(7) electronics industry, (8) commercial trucking interests, and (9) insurance industry. 
There were provisions for representation of each category in the Consortium’s 
decision-making process [4]. 
 
The Role of Cooperation – The consortium allowed for the collaboration of the 
roadway infrastructure designers with vehicle designers and leaders in the 
development and application of information and control technologies.  A primary 
focus of the NAHSC effort was on analyzing automated vehicle-highway control 
assuming that the highway and the vehicles that travel on them are a single system. 
Consortium research showed that maximum benefits could be achieved with 
cooperation among the vehicles and the highway, and cooperation from vehicle to 
vehicle. It appeared that with cooperative systems, the risk of having a crash could be 
reduced by 50 to 80 percent, and the capacity of a highway lane could be doubled or 
tripled [5].  It was for these reasons that the NAHSC became convinced that 
cooperative systems should be part of the U.S. vehicle-highway system future. 
 
Consortium Redirection and Termination – In March 1997, the USDOT redirected 
the NAHSC to focus on near-term benefits of the Advanced Vehicle Control and 
Safety System technologies.  The accomplishments of the NAHSC from its 
beginning until March 1997 have been documented in a report entitled NAHSC 
Perspective and Accomplishments, July 1997 (Appendix O of this report).  Then in 
December 1997, the USDOT notified the NAHSC that it was withdrawing from the 
Consortium and would no longer cost share the Consortium expenses.  
 
In the period of time from March through December 1997, the consortium pursued its 
modified work program.  Some of this work, but not all, is described in other 
documentation, as described below: 

· 1997 Demonstration of Technical Feasibility – This congressionally mandated 



 
11 

event was the most successful event in ITS history.  Over four thousand 
people attended this four-day event in San Diego in August; and many of 
them were able to ride in one of the 22 automatically controlled vehicles.  
Over 95 percent of the people who got this glimpse at the future of automated 
vehicle warning and control felt it was a good idea [6].  

· Concept Definition and Selection – This effort was restructured to focus on 
(1) the near-term systems that could possibly evolve into a fully automated 
AHS system and how they relate; and (2) cross-cutting issues that are of 
concern to both near-term and longer-term vehicle-highway systems such as 
roadway obstacle analysis  [7].  

· Termination Activities – Documentation of some of the other NAHSC efforts 
in this interim period was included in the “NAHSC Termination 
Activities”—a negotiated set of activities that the NAHSC was to perform as 
it concluded its operation [8].  The Termination Activities were selected by 
the USDOT, and they included documentation of some but not all of the 
NAHSC’s interim efforts.  This documentation is captured in a series of 
reports provided electronically to the USDOT in March 1998.  The work 
areas included in the Termination Activities are as follows: 

� Technology Assessments – interim or final reports on some of the 
enabling technology studies 

� Tools and Models – documentation of the tools and models used by 
the NAHSC to generate results for both fully and partially automated 
systems 

� Automated Vehicle Control Services Analyses – analyses of the 
services and market packages related to AHS and IVI, and analyses on 
how they could evolve 

� Demonstration and Service Testing – descriptions of case studies and 
mini-demonstrations sponsored by the NAHSC beyond the 1997 
demonstration 

� Societal and Institutional Concerns – wrap-up of the efforts to address 
the non-technical concerns with automated warning and control 
systems, including documentation of workshops on liability and land 
use 

 
As part of the NAHSC Termination Activities, the USDOT requested that the 
Consortium hold a Workshop in April that would focus on the relative characteristics, 
system safety and performance of both cooperative and autonomous collision 
mitigation systems.   
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2 Workshop Overview 
 
The two-day Workshop was structured to provide maximum transfer of knowledge 
from the Consortium members to the government’s IVI team.  This was done by 
limiting the number of attendees and providing ample opportunities for discussion.  
The USDOT limited the invitation list to just government members of the IVI team 
plus those Consortium members that would be briefing the materials.  The list of 
attendees is shown in Table 1.  The agenda was then structured so that questions 
could be asked of each presenter; in addition, one hour (or more) discussion periods 
were included at the end of both days for more in-depth discussion of any issues, 
concerns or disagreements.  The Workshop agenda is in Table 2.   
 
The program began with an introduction by Dr. James Rillings of the General Motors 
Research Laboratories; Jim was the Moderator for the workshop.  This was followed 
by introductory remarks from John MacGowan of the Federal Highway 
Administration.  Jim Lewis of Raytheon, co-organizer of the Workshop, then gave a 
Consortium perspective that showed how the Workshop related to the overall 
NAHSC program and described how the Workshop was organized. 
 
After the introductions, the state of the art of autonomous collision mitigation 
systems was given by Dr. Roger Fruechte, GM.  The briefing described the 
shortfalls that inhibit the fielding of these systems.  This was followed by a briefing 
by Dr. Steven Shladover, PATH, that (1) defined a wide variety of cooperative 
systems; and (2) showed how augmentation of autonomous systems with cooperation 
can help overcome some of the autonomous system shortfalls. 
 
A series of briefings then provided in-depth quantitative data regarding the safety and 
performance of cooperative and autonomous systems.  These analyses, presented  
by two members of the NAHSC tools and modeling efforts, were for a wide variety of 
assumptions.  This was followed by a presentation of the hard performance data, for 
both cooperative and autonomous systems, captured during the AHS Demo ’97. 
These data correlated to the assumptions made in the quantitative analyses.   
 
A series of briefings addressing topics that cut across both autonomous and 
cooperative systems were made.  The societal and institutional perspectives on 
deployment of collision mitigation systems were given, including descriptions of the 
Consortium’s case studies and results from the Consortium-sponsored Liabilities 
workshop.  This was followed by a presentation of some of the NAHSC’s human 
factors efforts.  Next, a discussion of the consortium’s research of the critical 
enabling technologies was given along with some of the initial R&D findings.   
Finally, evolution from today to cooperative automated vehicle control and safety 
systems was addressed. 



 
13 

Table 1.  Workshop Attendees 
 

Federal Highway Administration: 
· Bob Ferlis 
· John Harding 
· Kate Hartman (Office of Motor Carriers) 
·  John MacGowan 
· George Ostensen 

 
Federal Transit Administration: 

· Jill Hough 
 
ITS Joint Program Office: 

· Ray Resendes 
 
Mitretek Systems: 

· Kevin Dopart 
· John Eicher 
· Bill Jeffrey 
· Rodney Lay 
· Dale Nussman 
· Bill Stevens 
· Phil Tarnoff 

 
National Highway Traffic Safety Administration: 

· August Burgett 
· Al Chande 
· Lloyd Emerson 
· Joe Kanianthra 
· Duane Perrin  
· David Smith 

 
National Automated Highway System Consortium 

· Janie Blanchard 
· Roger Fruechte 
· Datta Godbole  
· Bob Hogan 
· Carol Jacoby 
· Greg Larson 
· Jim Lewis  
· Alan Lubliner 
· Tom McKendree 
· Rob Meinert 
· Jim Misener 
· Joe Perkowski  
· Jim Rillings 
· Steven Shladover 
· Jerry Sobetski 
· Chuck Thorpe 
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Table 2.  Workshop Agenda 
 

MONDAY, 27 APRIL, 1998 
 
8:00 AM INTRODUCTION Jim Rillings 
8:10 am USDOT Perspective John MacGowan
  
8:20 am NAHSC Perspective  Jim Lewis 
 
8:45 AM AUTONOMOUS COLLISION MITIGATION SYSTEMS Roger Fruechte 
 
9:15 AM HOW COOPERATIVE SYSTEMS CAN HELP Steven Shladover 

 
10:00 AM QUANTITATIVE ANALYSIS OF COOP. AND AUTON. Jim Misener  

10:15 am Safety analysis, cooperative and autonomous Datta Godbole 
11:00 am Analysis of transmitted information versus performance Datta Godbole 

 
11:45 AM LUNCH  
 

12:15 pm System performance for differing levels of  cooperation Jim Misener 
12:45 pm Evaluation systems and tools status versus IVI needs Jim Misener 

 
1:00 PM QUANTITATIVE DATA FROM THE ’97 DEMO Steven Shladover 
 
1:45 PM SOCIETAL & INSTITUTIONAL PERSPECTIVES  

1:50 pm Lessons Learned for IVI Alan Lubliner 
2:20 pm Agency Issues and Concerns Alan Lubliner 
2:45 pm Case Studies  Greg Larson 

 
3:15 PM NEEDED HUMAN FACTORS RESEARCH Bob Hogan 
 
4:00 PM DISCUSSIONS  Jim Rillings 
  

TUESDAY, 28 APRIL, 1998 
 
8:00 AM SOCIETAL & INSTITUTIONAL PERSPECTIVES (CONT.)  

8:00 am Liability Issues  Janie Blanchard 
8:15 am Understanding and Involving the Stakeholders Roger Boothe 
8:30 am Conclusions and Recommendations for Future Research Alan Lubliner 

 
8:45 AM CRITICAL ENABLING TECHNOLOGIES Chuck Thorpe 
 
12:30 PM LUNCH 
 
1:00 PM EVOLVING TO COOPERATIVE SYSTEMS Jim Lewis 

1:00 pm Market Packages for Cooperative Systems Carol Jacoby 
1:40 pm Deployment: How Progressively Advanced Systems Phase In Tom McKendree 
2:20 pm Arizona’s I-10 Intelligent Express Lanes Jim Lewis 

 
2:45 PM DISCUSSIONS ON RECOMMENDATIONS FOR IVI Jim Rillings 



 
15 

3 Workshop Results 
 
The key points of each presentation are given below, and any discussion that occurred 
during and after the presentation is summarized.  The descriptions are in the order of the 
Workshop agenda.  The speaker’s name and organization are given after the title. 
 
3.1 USDOT Perspective – John MacGowan, FHWA 
 
The primary USDOT goals for the Workshop were as follows: 

· The FHWA is proud of the long-term vision developed by the Consortium, and 
felt that a platform was needed so that the NAHSC findings could be shared. 

· The USDOT IVI team should be exposed to the Consortium’s ideas; the 
Workshop brings the government’s IVI team together with the Consortium 
researchers so that the exchange can happen. 

· The NAHSC 
research 
results will 
give balance 
to the IVI 
effort. 

· There does not need to be consensus among all of the participants; however, there 
does need to be discussion and an understanding of the issues and concerns. 

 
There were no briefing charts for this presentation. 
 
No comments were received. 
 
3.2 NAHSC Perspective – Jim Lewis, Raytheon 
 
This presentation discussed the NAHSC work plan as originally agreed to by the USDOT 
and the nine individual Core Participants of the NAHSC.  It briefly described how the 
Consortium’s work plan evolved as the technical studies progressed and as feedback was 
received from the Consortium-sponsored workshops.  The impact on the NAHSC work 
of the USDOT work redirection of March 1997 was then described.  Finally, the 
structure of the Workshop was summarized.   
 
The major program issue to be addressed by the Workshop was the balance between 
cooperative and autonomous systems.  The NAHSC focused on cooperative systems 
because of the participation by a broad range of stakeholders and because cooperative 
systems appeared to be the most beneficial.   
 
The briefing charts are contained in Appendix A. 
 
No comments were received. 
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3.3 Autonomous Collision Countermeasure Systems – Roger Fruechte, GM 
 
An autonomous vehicle system was defined as “one that is expected to work reliably, 
without help, regardless of the ambient or external state.”  The main concerns of a 
vehicle manufacturer in considering offering such a system are reliability (survive the 
environment and do the intended task correctly) and cost.  It was shown that as systems 
move from (1) providing information; to (2) warning the driver; to (3) partially or fully 
controlling the vehicle; the system cost, required reliability and potential liability all rise. 
 
The talk then focused on the tasks to be performed and the current technologies available 
to perform them.  The presentation concluded that today’s autonomous technologies 
cannot reliably perform the required tasks except for the most basic systems that provide 
information to the drivers; and these will have a high false return rates.  For this reason, 
vehicle manufacturers will be slow to introduce these systems to the marketplace.  
 
The briefing charts are contained in Appendix B. 
 
Question: Today’s planned IVI effort has little effort on reliability and cost since it is 
product development.  Is there anything that the federal government can do to help?   

Answer: Research on basic technologies. 
 
Question: Reliability refers to system reliability?   

Answer: Correct. 
 
Question: Where would you spend $200 million to get collision avoidance?   

Answer: I would spend at least 50 percent to make sure all highways are consistently 
marked and sensor friendly to help reduce false positive returns.  This would allow 
the vehicle manufacturers to use less expensive sensors and get higher reliability.   

 
Comment: The government has a lot of information on false positive returns and the 
reliability of target identification that could potentially be of value in the development of 
autonomous collision countermeasure systems.   
 
3.4 How Cooperative Systems Can Help – Steven Shladover, PATH 
 
This briefing described the different kinds of cooperative systems, and how they might 
help solve some of the problems of autonomous systems operation.  Eight types of 
cooperative systems were defined and examples were given.  They included 
vehicle-to-vehicle cooperation (active and passive); vehicle-to-infrastructure cooperation 
(active and passive); infrastructure protection (active and passive); and other (active and 
passive).  Passive systems include systems features such as reflectors or consistently 
painted roadway lines.  Active systems include communications devices.  The 
presentation then described how each type of cooperative system could help reduce the 
problems of autonomous operation by: 

· Simplifying 
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sensor signal 
processing 
through 
target 
identificatio
n 

· Providing 
multiple 
independent 
sources of 
information 
for data 
fusion 

· Providing 
alternate 
information 
sources for 
fail-soft 
operation in 
case of 
failures 

· Providing 
higher 
accuracy 
and 
reliability in 
operation 

· Reducing 
false alarm 
rates 

· Providing 
more 
fault-tolerant 
systems 
response 

· Allowing 
less 
expensive 
in-vehicle 
systems 

· Enhancing autonomous systems operation—as penetration of cooperative systems 
increases, so will systems effectiveness 

 
The briefing charts are contained in Appendix C. 
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Question: Has there been any quantification of the expected benefits of cooperative 
systems? 

Answer: Yes; they are covered in the following briefings. 
 
Question: How do we sort out the priorities for infrastructure cooperation from the 
priorities for vehicle cooperation?  Can all of the cooperation be built into the 
infrastructure not the vehicle? 

Answer: In a cooperative system, the highway and vehicles must be viewed as a 
single system; the balance of components between infrastructure and vehicles will 
then be based on what is most cost-effective and beneficial. 

 
Question: Is it true that the data exists to support the claims of benefits in the NAHSC 
work? 

Answer: There is some support, but it is not as thorough as we would like it to be.  
Tools to quantify benefits were developed, and analyses were started to get benefits 
quantification (as we will see in follow-on briefings); but more work is needed to get 
broader, more complete sets of answers. 

 
Question: Where would you spend $200 Million to get collision avoidance? 

Answer: Do front-end analyses to understand the technologies and problems; also, 
seek commonality across the platforms.  Don’t build the vehicles yet. 

 
Question: Has there been any quantification of the benefits of cooperative systems? 

Answer: Yes, in the following briefings. 
 
Comment: Autonomous is near term; cooperative is long term 

Answer: If you just work on autonomous systems, you won’t have very meaningful 
systems in either the near or long term; cooperation is needed to achieve robust 
systems. 
Answer: If the public agencies could guarantee road markers, then vehicle 
manufacturers could deploy meaningful systems much sooner. 

 
Comment: The On-star and Rescue systems are cooperative systems developed by GM 
and Ford without any government support. 

Answer: The On-star system used the cellular infrastructure that already existed; GM 
and Ford did nothing to develop it. 

 
3.5 Quantitative Analyses of Cooperative and Autonomous Vehicle-Highway 

Systems – Jim Misener, PATH 
 
This briefing provided an introduction to the quantitative analyses of cooperative and 
autonomous systems using the NAHSC modeling and simulation tools.  It described the 
tools and how they correlate to each other, and how benefits are estimated using them. 
 
The briefing charts are contained in Appendix D. 
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There were no questions. 
 
3.6 Safety Analyses: Cooperative and Autonomous – Datta Godbole, PATH 
 
This briefing described, in detail, the modeling and simulation of the safety of vehicle 
following; the capacity of cooperative and autonomous systems; and lane changing for 
specific sets of assumptions.  It was pointed out that drivers today have a form of 
cooperation in that turn signals, brake lights and other indications help warn drivers of 
the intentions of the other drivers; collision warning and avoidance systems should have 
similar advantages.  An in-depth description of the assumptions was given, including 
vehicle braking characteristics, the types of cooperation assumed, and the conditions 
assumed for the roadway.  The results compared the probability of collision in a 
hard-braking emergency for a typical driver, an alert driver, an autonomous vehicle with 
automatic braking and two types of cooperative vehicles with automatic braking.  The 
results showed that both autonomous and cooperative systems are many times safer than 
even an alert driver; and that a cooperative systems is about twice as effective as an 
autonomous system.  The presentation also showed that merely dedicating a lane to 
vehicles with some level of automated control could reduce the likelihood of crashes by 
84 percent. 
 
The capacity of cooperative and autonomous systems was also compared for varying sets 
of assumptions.  It showed that cooperative systems have significantly greater capacity 
capability than autonomous systems, with highly cooperative vehicles in platoons having 
the greatest capacity potential.   
 
The lane changing analysis was described.  It showed that lane changing where there is 
cooperation among the vehicles is both safer and more efficient. 
 
The briefing charts are contained in Appendix E. 
 
Question: What assumptions were made in the chart that showed cooperative systems to 
be twice as good as autonomous systems, and 15 times as good as alert drivers? 

Answer: Communications from the lead vehicle to the following vehicle at the start of 
braking; the highly cooperative systems also transmitted braking capability.  There 
were other assumptions as well. 

 
Comment: Someone in the audience stated that there would be no collisions with 
automated vehicles; this statement was questioned.  

Answer: This would be possible if all vehicles were automated, and if there were no 
“outside” disturbances to the traffic flow. 

 
Comment: The assumption of 3000 vehicles per lane per hour is less than reality; today’s 
roads (with manual drivers) can support more than that.   

Answer: Actually the best that can be achieved with manual drivers is a little over 
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2000 vehicles per lane per hour. 
 
Comment: Can’t assume numbers of crashes using averages; it’s the deviations from 
average where crashes are most likely to occur 

Answer: That is correct; that is why the models are run using actual distributions for 
vehicle braking, human reaction times, etc. 

 
Comment: Low delta-V collisions with a string of vehicles may cause lateral and yaw 
motions that result in dangerous crashes. 

Answer: Yes, that is a concern.  Some string analyses have been done at PATH, but 
the work was completed. 

 
Question: Can the tools be used for modeling the evolutionary introduction of services as 
mentioned in Roger Fruechte’s briefing? 

Answer: Yes, for some types of collision avoidance systems. 
 
Question: Can the models be used for various IVI services? 

Answer: Yes, for some types of collision avoidance systems.  
 
Question: Is this type of braking data available for heavy vehicles? 

Answer: We do not have in-depth heavy vehicle braking data; we do have some data, 
but the variations due to load, type of tire, size of tire, numbers of tires, etc. we do not 
have. 

 
Comment: In regard to a chart statement: “We obtain 84 percent reduction in crashes 
mainly due to lane dedication”: it would seem that a comparison with manually driven 
vehicles on protected lanes is needed so that the percent improvement due to automated 
control would be known. 
 
3.7 Analyses of Available Information versus Performance – Datta Godbole, PATH 
 
This briefing presented results of some modeling analyses in which the amount of 
information available to the vehicle control logic was varied from minimal, such as “own 
speed,” to extensive such as the acceleration and braking capability of the preceding 
vehicle.  The result of the analyses was that for the same level of safety, capacity 
increases with the addition of more information.  In addition, comfort would also 
increase in that the number of false alarms would decrease with additional information. 
 
Some initial information from an incomplete micro-simulation-based adaptive cruise 
control analysis (ACC).  The initial premises were based on the work conducted by the 
University of Michigan in a field operational test of ACC, and on some PATH traffic 
data from Hayward, California.  The study showed that ACC use can be as high as 98 
percent, even in heavy traffic if vehicle cut-in can be prevented.  Cut-in can be 
prevented by either closing the gap between vehicles or by operating on a protected lane 
where cut-in is not possible.  It was concluded that the close gap operation would not be 
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safe without cooperative information between vehicles.  A lane dedicated to vehicles 
operating with ACC would be effective in increasing safety, and efficiency of traffic 
flow. 
 
The briefing charts are contained in Appendix F. 
 
Question: The analysis assumed that 100 percent of the vehicles were equipped with 
cooperative ACC; it is apparent that we will never have 100 percent penetration—what if 
less than 100 percent were equipped?   

Answer: Vehicles would operate autonomously unless other equipped vehicles in the 
vicinity were detected in which case the equipped vehicles would operate more 
efficiently.  As vehicle penetration increases, the overall efficiency of the traffic 
flow will increase.  Benefits are not dependent on complex cooperative systems 
requiring inter-vehicle communication; simpler devices such as reflectors would 
produce benefits; penetration can then increase rapidly for a relatively low 
investment. 

 
3.8 System Performance for Differing Levels of Cooperation – Jim Misener, PATH 
 
Assumptions were made concerning the use of partially automated vehicles in mixed 
traffic where some of the vehicles had cooperative capabilities.  A basic manual 
throughput of 2000 vehicles per lane per hour (vplph) was assumed.  Assumptions were 
then made concerning the market penetration of vehicles with a variety of automated 
capabilities, and the throughput for the varying penetration levels was calculated.  The 
results showed that for autonomous vehicles, little improvement in throughput could be 
expected until the vehicle penetration is over 50 percent; even then, maximum 
throughput would be expected to rise to less than 3000 vplph with inter-vehicle spacing 
of 10 meters.  For more normal inter-vehicle spacing, the throughput can actually 
decrease as autonomous vehicle penetration rises.  For cooperative systems, rises in 
capacity can be noted for penetrations of 30 to 40 percent; and total throughput could be 
expected to rise to between 3500 and 4500 vplph; the higher capacity is achieved with 
automated non-uniform spacing between vehicles.   
 
Performance variations were also defined for the Houston Metro case study.  Three 
different scenarios were assumed; these were described.  Results were then presented 
for the various analyses that were conducted—throughput, merge and queuing, and 
emission and fuel consumption.  Results were that longitudinal cooperation is feasible 
with the Houston Metro case study environment assuming modest infrastructure 
improvements.  The HOV/transit lane capacity could be doubled; but cooperation 
among the automated vehicles would be needed to handle the higher volumes.   
 
The briefing charts are contained in Appendix G. 
 
Comment: It looks like the chart labeled CO2 Emissions should read CO Emissions. 

Answer: Chart may be mislabeled; presenter will investigate. 
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3.9 Tools Status Versus IVI Needs – Jim Misener 
 
This presentation describes the suite of tools developed by the Consortium, and addresses 
those extensions that need to be made to allow the tool set to fully support IVI. 
 
The briefing charts are contained in Appendix H. 
 
Question: What is meant by “extend SmartAHS for Heavy Vehicles”? 

Answer: The characteristics of heavy vehicles, including their emergency dynamics, 
need to be included in Smart AHS 

 
Question: Can the simulation and analyses tools be used for heavy vehicles? 

Answer: Yes, and many of the models exist at PATH.  They just have not been 
implemented into SmartAHS due to lack of funding. 
  

3.10 Lessons Learned from Demo ’97 on Cooperative and Autonomous Systems – 
Steve Shladover, PATH 

 
The presentation gave an overall description of the demonstration including statistics on 
attendance and rides given.  The presentation focused on two of the scenarios in which 
both cooperative and autonomous operation were demonstrated the Control Transition 
scenario by Honda team, and the Platoon scenario by the PATH team.  For the Control 
Transition scenario, records of lateral position accuracy were given showing that lateral 
position was much more accurate with the cooperative system involving embedded 
magnets than with the autonomous vision system.  For longitudinal tracking, the steady 
state tracking error was comparable between the autonomous and cooperative systems; 
however, the transient performance of the cooperative system was much better. 
 
The very accurate magnetic marker lateral control for the mini-demo was described; in 
corners with lateral forces of over .5 g at 30 km/h, the lateral error was less than .2 meters. 
 There was no comparable autonomous system to compare to.  On I-15, the longitudinal 
control using radar range rate (as in autonomous systems) was compared to the level of 
control possible when the radar information was supplemented with radio links of precise 
speed to the other vehicles.  The latter was used during tight platoon operation (6.5 
meters apart); if the radio link failed, the vehicles moved apart to provide 15 meter 
separation to account for the less accurate longitudinal position control.  The data 
substantiated the modeling and simulation results showing that cooperative systems have 
higher accuracy, less sensing noise, better fault detection and data fusion, and more 
robustness to accommodate component failures. 
 
The briefing charts are contained in Appendix I. 
 
Question: Were the data from the demonstrations fed back into the SmartAHS model? 

Answer: No, but other prior test results were fed into the models.  There has been 
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little modeling since the demonstration, but the data is not inconsistent with the 
model assumptions.  The data is, however, at a lot greater level of detail. 

 
3.11 Societal and Institutional Lessons Learned for IVI – Alan Lubliner, PB 

 
This briefing addressed the research conducted on societal and institutional issues by the 
Consortium.  Twelve areas of study had been identified by the NAHSC; there had been 
progress made in ten of those areas by the time work was halted.  Most of those ten 
areas are relevant to IVI.  The potential for automated vehicle control services in transit 
were discussed, and several examples for potential demonstrations were given. Processes 
for collecting user needs were discussed as were approaches for cost/benefit tradeoff 
analyses.  Finally, potential licensing, inspection and enforcement issues were addressed 
for IVI. 
  
The briefing charts are contained in Appendix J. 
 
Question: What does “precision docking” mean? 

Answer: Refers to the automatic positioning of a bus (laterally and longitudinally) at 
a docking station or bus stop so that the tires do not scuff the curb and the doors are 
positioned accurately for passenger entry and exit; this includes “roll-on” entry of 
wheelchairs.   

 
Comment: The reduction of stress predicted relates to the level of automation, not 
whether the automation is cooperative or autonomous. 

Answer: Correct. 
 
Question: Did the driver license analysis include commercial drivers? 

Answer: In some states it did. 
 
3.12 Agency Issues and Concerns – Alan Lubliner, PB 

 
The concerns in deploying, owning and operating roadway facilities that are dedicated to 
the operation of fully automated vehicles were addressed in this briefing.  It was pointed 
out that the conclusions would also apply to the operation of dedicated lane facilities for 
partially automated vehicles as well.  Thirteen state transportation agencies were 
surveyed for this study.  They identified twelve areas of concern: 
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· Incremental deployment path 
· Local priorities amidst high level goals of the area 
· Safety as an advantage for dedicated lanes 
· Interface with non-dedicated roads 
· Relationship to traffic management centers  
· Transit operations on the facilities 
· Special fleets on the facilities 
· Relationship to planning and economic development 
· Liability 
· Deployment process 
· Public/consumer acceptance 
· Other costs and benefits 

 
The presentation also covered some follow-up interviews with some of the transportation 
agencies concerning their initial impressions of autonomous and cooperative systems.  
The results were varied with no clear pattern.   
 
The briefing charts are contained in Appendix K. 
 
There were no questions or comments.   
 
3.13 Case Studies – Greg Larson, Caltrans 
 
The NAHSC conducted several studies of the applicability of AHS services in local areas 
in conjunction with the local transportation authorities.  These were called “case 
studies.”  Three of the Consortium’s case studies were described: Western 
Transportation Institute (WTI), Minnesota Department of Transportation, and the 
Southern California Corridor.  The First NAHSC case study at Houston Metro was 
addressed in the System Performance for Differing Levels of Cooperation presentation. 
 
Each of the three case studies was different; the WTI study was of a rural area where 
safety was the predominant concern; the Minnesota study was of the specially equipped 
snow plows; and the Southern California Corridor was of a major urban area where the 
predominant problems are congestion and air quality.  The primary conclusion of the 
presentation was that case studies are very useful because it forces the implementor (e.g., 
IVI) to focus on specific, real transportation problems in a real environment.  Other 
conclusions were that case studies should be used for IVI; the regions that co-sponsored 
case studies with the Consortium are innovators and should be considered for IVI; and 
the NAHSC case study procedure was very successful and should be considered by the 
IVI. 

 
The briefing charts are contained in Appendix L. 
 
Question: At WTI, was congestion within Yellowstone Park addressed?  This is a major 
problem for the National Park Service. 
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Answer: No; just the congestion outside of the park was addressed by the states. 
 
Question: Does the USDOT have any plans to include case studies in IVI ?   

Answer: Not at this time. 
 
Question: What percent of the NAHSC funding was earmarked for case studies? 

Answer: The original plan was to earmark about $30,000 each as seed money for  
five or six case studies. 

 
Question: Should case studies be considered in conjunction with the field tests that may 
be part of IVI?  

Answer: Yes; the case studies are the necessary preliminary steps that need to be 
covered before a successful field test can be conducted; it gets the local transportation 
agency on-board with the effort; it helps set goals, and it gives direction to the proper 
conduct of the field test. 

 
3.14 Liability Issues – Janie Blanchard, Bechtel 
 
This presentation provided an overview of the liability Workshop that was jointly 
sponsored by the NAHSC, ITS America and the American Association of State Highway 
Transportation Officials (AASHTO).  The workshop concluded that there is significant 
safety and economic benefits possible with automated systems.  Competition is seen as 
the biggest present barrier to deployment of systems, but fear of liability is a serious issue. 
 However, it was concluded that if the new system enhances roadway safety, then real 
liability issues may be expected to decline even though the degree of liability may shift 
among the parties (driver, manufacturer, and highway owner).  

 
The briefing charts are contained in Appendix M. 
 
Question: Is there any output from your effort that can be useful for planning our 
operational tests?  For example, how about insurance? 

Answer: We only had a few insurance company representatives at our workshop;  
they are used to working with detailed data, not planning information.  However, we 
dealt with insurance companies during the ’97 Demo. 

 
3.15 Understanding and Involving Stakeholders – Roger Boothe, PB 
 
This briefing was a video presentation.  It presented some of the conclusions from the 
Consortium’s stakeholder relation effort.  Conclusions included the following: 

· Each stakeholder has different needs and viewpoints; for example, insurance 
companies need detailed results of testing and performance 

· Keep the stakeholders informed 
· Get them involved 
· Thank them for any input 
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· Show them that their input has an impact 
· Make it cheap and easy for them to join—go to them 
· A cooperative vehicle-highway system may lower cost and improve reliability  
 

The briefing charts are contained in Appendix N. 
 
Question: Who developed the tool that was used? 

Answer: Boone-Jones, a subcontractor to Lockheed Martin, and Bechtel. 
 
3.16 Needed Human Factors Research – Bob Hogan, Raytheon 
 
Initially the USDOT had directed the NAHSC to not study human factors because they 
had a separate human factors contractor.  When the results from that contractor became 
available, it was evident that significant additional work was needed.  The Consortium 
began an investigation of some of the primary human factors issues.  This presentation 
summarizes those investigations.  The driver Role Team identified three major issues: 
inattentiveness due to lessened driving involvement; roles confusion; and transfer of 
control/rapid driver intervention.  In all three areas, additional study was planned prior 
to when the work was discontinued; however, preliminary results were given.  For 
driver inattentiveness, a study showed that head nodding activity increased with time on 
task and with degree of automation.  It was believed that some of this may be 
attributable to Micro-sleep; more study is needed.  Roles Confusion was the central 
theme of both a directed literature review and a human factors assessment of two 
background collision avoidance concepts.  Transfer of Control scenarios had been 
postulated and potential issues identified; however, work was terminated before any 
results were available. 

 
The briefing charts are contained in Appendix P. 
 
Question: Can you relate your information on driver inattentiveness to other studies on 
eye movement?  How would percent of eye closures relate to head nods?  Is it more 
accurate? 

Answer: It would be a worthy examination to compare head nods to studies using    
    the Electrooculogram (EOG).  
 
Comment: Inattentiveness is broader than drowsiness. 

Answer: Agree. 
 
Question: What is a “background Collision Avoidance System”? 

Answer: A system that does not provide control until it is needed to avoid a crash. 
 
Question: Your concern was that the driver is allowed to over-ride the system, for 
example, if the driver is being warned that he/she is inattentive.  Can you envision a 
system that doesn’t require intervention at some point? 

Answer: It is unwise to require that disengaged operators suddenly intervene in 
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critical situations.  Sufficient levels of automation and reliability would lessen the 
need for sudden intervention. 

 
Question: Have you studied the human capability to respond to warning alerts under 
various situations? 

Answer: No.  However, like systems that introduce any degree of vehicular control, 
warning alerts should be evaluated in terms of the driver’s time to understand and 
react to the full traffic situation versus the critical time that the traffic situation 
allows. 

 
3.17 Critical Enabling Technologies – Chuck Thorpe, CMU 

 
The Consortium’s approach to research on critical enabling technologies (CET) was 
presented.  The CETs were defined and prioritized based on perceived needs of future 
systems.  Research teams were then formed for each of the high priority CETs.  The 
categories of research were: 

· On-vehicle sensing 
· Roadway and infrastructure sensing 
· Actuators 
· Communications 
· Processing 
· Algorithms 
· Infrastructure and Configuration 

 
Ten fundamental problems to be solved by partially and/or fully automated systems were 
then defined.  Charts were presented that showed a strong correlation between  these 
problems and the 26 IVI services.  Each of these problems was then examined, and the 
technologies that would help solve the problem was discussed.  Finally, the NAHSC 
research efforts were correlated to the problems, and pictures, graphs and charts showing 
some of the results of the relevant research were presented. Recommendations regarding 
further research for IVI were made.  The problems are: 

· Know where other vehicles are 
· Handle obstacles 
· Know vehicle location in the lane 
· Control the vehicle 
· Know absolute position while moving 
· Know vehicle braking capability 
· Know other vehicle movement and intent (vehicle-vehicle communications) 
· System reliability 
· Avoid clutter in environment 
· Miscellaneous (actuators, entry and exit, driver condition monitoring, etc.) 

 
The conclusions of the presentation were that the vast majority of the NAHSC CET 
research is directly applicable to the IVI, and much of it is promising. NAHSC made 
significant progress, but most of the research efforts are unfinished.  “Significant 
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challenges continue to face IVI, but there is a danger of losing momentum, data, 
apparatus and people to do the research. The biggest challenges are in: 

· Obstacle detection 
· Predicting braking capability 
· Separating returns from clutter 
· System reliability 
· Human factors 

 
The final conclusion was that some functions can be done autonomously; however, 
cooperation, even passive, will help perform many of the critical functions, and at the 
least, enhance autonomous operation when it is possible.  It is not a question of 
autonomous versus cooperative, but what degree of cooperation is best. 
 
The briefing charts are contained in Appendix Q. 
 
Question: Did you consider IR detection (e.g., of pedestrians) and data fusion of that data 
with radar or vision? 

Answer: Only for obstacle detection systems.  Rain interferes with IR, since 
everything is basically at the same temperature. 

 
Question: Has detection of potholes been examined? 

Answer: It is difficult to detect distance to such obstacles due to the nature of the 
technologies employed. 

 
Comment: It is important to select the standards that can accommodate needs well into 
the future. 
 
Question: How well were communications requirements defined? 

Answer: At a top level only except for the communications used in the 
demonstration. 

 
Question: Wasn’t reliability addressed in the AHS demonstration by utilizing the 
operator as a backup? 

Answer: Partially; redundancy was used in the critical systems of scenarios so that if 
a system failed, the vehicle kept operating in a reduced capability mode.  But the 
trained operator was the ultimate backup.  Until systems become more reliable, the 
driver may need to be the primary responsible party. 

 
Comment: Reliability must be addressed as a system problem. 
 
Comment: there may be an opportunity in Pennsylvania to address the problem of 
roadside clutter (i.e., Sensor Friendly Highway concept) since they are re-doing their 
roadways statewide. 
 
Comment: the cost estimate for reflectors can be much less than the cost that was 
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presented.  For example, there are only 600,000 bridges n the U.S., and roughly 300,000 
miles of roadway carry about 60 percent of the nation’s traffic. 
 
Comment: The tradeoff between systems located on vehicles and systems on roadways 
needs to be examined. 
 
3.18 Market Packages for Cooperative Systems – Carol Jacoby, Raytheon 

 
The Consortium had an effort to help define how the vehicle-highway system could 
evolve from today to full automation.  It was seen that this transition would most likely 
be through the more near-term collision avoidance services.  It was also seen that this 
evolution needed to be consistent with, and in the terms of, the National ITS Architecture. 
 This presentation described the work done in defining the possible services that might 
be in the path of transition to full automation, and then the market packages that would 
most logically support that transition.   
 
Altogether, 93 market packages were defined; each market package responds to different 
situations such as frontal collision avoidance, side collision warning, etc. Many of these 
could be either autonomous or cooperative, depending on the availability of the enabling 
technology, and many can include levels of control ranging from warning through partial 
control to full control.  Many of the market packages could be considered “Generation 
1” IVI in their initial phases.   
 
 This briefing also discussed the role of cooperation—what does cooperation add to a 
service?  It was pointed out that many situations on today’s roads require cooperation of 
some type to provide warning and/or forecasting of conditions that cannot be detected 
autonomously.  This was discussed for several of the market packages that most directly 
relate to IVI.  It was concluded that a small degree of cooperation can have a big payoff. 
 
The briefing charts are contained in Appendix R. 
 
Question: The statement that easing the driver’s workload will cause driver inattention 
was challenged. 

Answer: Agreed that there is not enough data in this area, and changed the statement 
to “may” cause inattention; it is strongly suspected but not yet proven. 

 
Question: Regarding “easing driver’s workload causes inattention,” aren’t there major 
human factors considerations involved; for example, since the systems may allow the 
driver to perform other tasks such as reading while “driving”? 

Answer: Yes.  One of the major challenges is how to regain the driver’s attention 
before turning control of the vehicle back to him/her. 

 
Comment: Some of the driver’s workload is discretionary.  Also, the evolution of 
workload assumption by the system may not be smooth, but may evolve in steps instead. 
 This is now being measured for ACC.  In short, there may be a relation between 
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workload and driver inattention, but we don’t know that it is causal. 
 

Question: Is there any connection of automation to driver inattentiveness for today’s 
cruise control? 

Answer: Some anecdotal.  The ACC test is looking at regular cruise control versus 
adaptive cruise control versus none, so may have some relevant results in a few 
months. 

 
Question: Was it assumed that increasing the extent to which driver functions are 
automated will always lead to AHS? 

Answer: Not necessarily.  However, our analyses have shown that a fully automated 
system will likely provide the greatest benefits, so it is reasonable to assume that one 
would increase automation to the point that benefits significantly increase and 
outweigh the costs of automation. 

 
3.19 Deployment: How Do Progressively Advanced Systems Roll Out Over Time? – 

Tom McKendree, Raytheon 
 

This presentation built upon the previous Market Package presentation.  A premise was 
that the transition would be incremental and over an extended period of time.  It 
postulated likely paths of transition from today’s system to full automation.  One of the 
critical conditions for the transition is availability of the critical enabling technologies— 
when is it technically feasible to introduce services?  A chart was shown that addressed 
this.  Another concern is when would a service’s penetration of the vehicle population 
and infrastructure be reached where there would be significant improvements in overall 
safety and efficiency.  And the “chicken-and-egg” problem was also addressed.  Why 
would buyers purchase a vehicle capable of cooperating with other vehicles or the 
infrastructure if there are very few opportunities for cooperation because of low 
penetration.  Some approaches to this problem were postulated, and similar situations 
involving introduction of new technologies was discussed (e.g., cellular telephones). 
 
The presentation concluded that the deployment strategies for collision avoidance 
services need to be driven by what is possible and what will sell.  Even though there is 
currently no consensus for AHS at this point, there needs to be a long-range goal of full 
automation to provide direction to the transition path and the research and engineering 
need to support the transition. 
 
The briefing charts are contained in Appendix S. 
 
There were no questions or comments.   
 
3.20 Arizona’s I-10 Intelligent Express Lane – Jim Lewis, Raytheon 

 
The final presentation addressed an effort by the Arizona Department of Transportation 
to plan for the potential of automatically controlled vehicles on one of their state’s 
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highways.  Specifically, as Arizona upgrades highway I-10 between Phoenix and 
Tucson to meet projected growth, they want to build it so that 20 years from now, it could 
support automated vehicle movement that would make the highway more efficient.  The 
Consortium conducted a concept study with Arizona; this study included a phased 
approach, projected benefits and costs, and deployment issues.   
 
The phased approach encompasses the near-term construction of a six-lane highway 
where today there is four lanes; it is to be designed so that it is expandable to eight lanes 
by 2020.  Two of the lanes will be protected and could be dedicated to vehicles 
equipped with adaptive cruise control and perhaps lane keeping.  In the near term, even 
unequipped vehicles using the lanes will be safer and should flow more smoothly.  The 
lane encourages automated vehicle control services, but is not dependent on them.  And 
the decision to support fully automated vehicles will not have to be made until 2020. 
 
The briefing charts are contained in Appendix T. 
 
Question: How would non-qualified vehicles be kept out of the protected lanes? 

Answer: Initially, the only qualification for use of the express lane would be a 
willingness to maintain the speed limit, since it is necessary for all vehicles to move 
at the same speed.  Eventually, when justified by demand, only equipped vehicles 
would be allowed to enter; there could be a sticker on the window of approved 
vehicles; vehicles entering without the sticker could easily be apprehended  along 
the road by law enforcement. 

 
Question: How would the speed limit be maintained—that is, how would vehicles going 
either too fast or too slow be detected? 

Answer: A Traffic Management System would maintain surveillance of the highway 
and would be capable of detecting and identifying slow/fast vehicles.  Once 
identified, a variety of law enforcement actions could b taken against these drivers. 

 
Question: Was consideration given to snow and other vehicles? 

Answer: There is no snow in the area.  There were no exclusions in regards to types 
of vehicles.  Transit vehicles do not operate in the area.  

 
Question: Is there commuter use of the roadway? 

Answer: Commuter use is minimal. 
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4  Discussions 
  
Two general discussion periods were held during the Workshop; one at the conclusion of 
the first day, and one at the end of the second day. 
 
4.1 First Day Discussions  
 
Jim Rillings, the Workshop moderator, began the first discussion period with a 
conjecture: Autonomous forward collision warning systems will not be a viable consumer 
product in the U.S. in less than 20 years.  He defined “viable” as 20 percent of the new 
cars sold have the feature. 
 
Burgett: I feel that we will have a system that can meet the technical needs in 10 years, 
but don’t know about the cost. 
 
Rillings: Do you feel that it could achieve near-zero false alarms? 
 
Burgett: Out-of-path false alarms can be solved; I can’t see why the problem of  in-path 
missed objects can’t be solved by then. 
 
Rillings: My assessment is just the opposite; I think the unsolved problem is out-of-path. 
 
Fruechte: It depends on the definition; it typically takes 20 years to introduce a new 
technology.  We do have an in-path detection system that is satisfactory; it is 
out-of-path obstacles and clutter that are the problems.  And cost (i.e., below $500) may 
be a problem too. 
 
Jim Rillings then made a second conjecture: Limited cooperation with the environment 
(i.e., the roadway and other vehicles) would make collision avoidance viable within 20 
years.   
 
Burgett: How would you get the cooperative elements in 20 percent of the vehicles or 
infrastructure in 20 years? 
 
General discussion: The cooperation that could be expected over the next 20 years would 
be “passive”; that is, simple, inexpensive things such as radar reflectors on the rear of 
vehicles, and target reflectors on clutter-causing roadside structures such as bridge 
abutments.  It was pointed out that radar reflectors would cost pennies; one inexpensive 
way for experimentation is to use the bottom of a soda can.  It was pointed out that the 
reflectors would need to be made standard and required.  Target reflectors on roadside 
structures along highways was also discussed.   
 
Resendes: What about vehicles traveling on non-highways? 
 
More general discussion where it was pointed out that even though there are 4 million 
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miles of roadway, 60 percent of vehicle travel is on less than 300,000 miles of highway.  
Initially, rural roads with light traffic would not be equipped—that could come later.  It 
was also pointed out that there are 600,000 bridges in the U.S. (rural and urban), so 
putting inexpensive target reflectors on bridge abutments should not be an onerous task.  
At $10 each, that would only cost $6 million for the nation. 
 
Fruechte: If the vehicle manufacturers could count on the state and federal governments 
simply maintaining the painted stripe on the major highways, then the unit cost for a 
collision avoidance system could be under $200. 
 
Perrin: Regarding consumer acceptance, NHTSA surveys have shown that most people 
like collision avoidance and would pay the cost of a stereo system.  This includes things 
such as blind spot detection for backing. 
 
In the general discussion that followed, it was pointed out that the NAHSC also found 
very high consumer acceptance of vehicle automation, including both partially and fully 
automated services.  
 
4.2 Second Day Discussions  
 
The discussion period began with an open question and answer session; there were no 
conjectures to start the discussion. 
 
Resendes: Does the NAHSC believe that IVI will be deployed before AHS? 
 
In general discussion, the following points were raised: 

· IVI is a basket of services; some of the simpler services such as backing collision 
warning will be deployed first.   

· More complex services such as forward collision avoidance with some vehicle 
control may not be deployed before AHS unless (1) there is vehicle and 
infrastructure cooperation; or (2) operation is limited to protected lanes such as on 
Arizona’s I-10.  An AHS assumes a protected lane (and environment) dedicated 
to AHS operation; that is why an AHS deployment could occur sooner than 
collision avoidance in mixed traffic. 

· The AHS transition planning was assuming that the AHS deployment would build 
upon earlier collision warning services. 

 
Ferlis: Regarding the NHTSA light vehicle operational test, could the Consortium do the 
operational testing? 

Answer: Yes. 
 
Meinert: Why is the USDOT involved in development of vehicles when there is no 
infrastructure involvement?  Isn’t this the role of the individual vehicle manufacturers?   
Burgett: USDOT is interested in solving a problem, not product development.  There are 
40,000 traffic deaths yearly and 6 million crashes; the government has a role in 



 
35 

understanding how technologies and partnerships might work to improve this situation. 
 
Fruechte: Vehicle manufacturers are looking at near term; they are not addressing the 
long range goals and technologies; the USDOT focus should be to lead that effort. 
 
Burgett: The USDOT is looking at how advanced kinds of technologies may solve 
problems. 
 
MacGowan: If USDOT sees a problem, then we need to take action to help solve the 
problem.  Part of it is helping to create consumer acceptance. 
 
Misener: Why has the pendulum swung from concerns about congestion and safety to 
just safety?  Shouldn’t IVI be more balanced? 
 
MacGowan: Disagreed that the pendulum had swung. 
 
Burgett: Arizona is just concrete, so it is not really AHS. 
 
Lewis: Initially that is correct; it is a step that will allow evolution to AHS through 
addition of AHS entry and exit points and communications as needed.  The decision 
point to evolve is in the future. 
 
Smith: The OEMs will build the stuff; the NHTSA will just test it. 
 
Fruechte: But that should be after joint research.  There should be a joint definition with 
industry of the requirements and technologies. 
 
Smith: We asked for your comments in the IVI Request for Information (RFI), and you 
are welcome to join a working group. 
 
Lewis: There is not enough money going into capacity enhancement. 
 
MacGowan: There is $8 million per year in my shop alone. 

 
Smith: The light vehicle program will include cooperation. 
 
Rillings: That is good because the NAHSC has been concerned about the IVI program’s 
apparent lack of acceptance of cooperation and partnerships. 
 
MacGowan: What would be an appropriate time frame for IVI R&D to focus on?  Five 
years?  Ten years?  Twenty years? 
 
Discussion ensued in which the following comments were made.  If the need is near 
term (e.g., forward collision warning) then near term R&D is appropriate.  Once a 
decision is made to build something at GM, then it takes three years to build it.  But 
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long term research is needed to solve the problems that inhibit the fielding of the more 
advanced collision warning services.  There needs to be a statement of long term goals 
to give direction to the more near term developments. 
 
Lay: What makes safety sell? 
 
The general discussion was that safety is important, but individuals won’t necessarily buy 
it (they may buy a stereo instead) or use it (only 60 percent of people use their seat belts). 
 Consumer acceptance takes time; for example, ABS has been around for years, but only 
now are people interested in buying vehicles with it.  On the other hand, surveys by both 
NHTSA and NAHSC have shown that consumer acceptance of collision avoidance is 
high, and consumers say they will pay for it. 
 
Jim Rillings asked Chuck Thorpe what he thought would be on vehicles in 20 years.  
This is Chuck’s list: 

· After-market run-off-road detector systems 
· Run-off-road collision avoidance systems with warning when the system is 

unsure (e.g., on rural roads) 
· Frontal collision avoidance (with control) on interstates, but not on rural roads 
· Blind spot detectors 
· Drowsy driver warning (non-invasive behavior detection) 
· Transit vehicles with pedestrian detectors 
· Radar reflectors on vehicles and highways, but some will get broken 
· Maybe heavy vehicle convoying 
· UV headlights cooperating with flourescent paint stripes for better reflectance 
· May be fully automated vehicles on dedicated lanes in a few places (e.g., 

dedicated bus lanes) 
· Limited automation on special vehicles such as steering control for snow plows 

 
Rillings: What kind of sensors would be on the vehicles? 
 
Thorpe: Not settled yet. 
  
Stevens: Would most vehicles have drive by wire for steering, brakes and throttle?  And 
would the vehicle design include a standard Local Area Net?  
 
Thorpe: Probably. 
 
Hartman: For heavy vehicles, there would also be on-board safety checks to transmit to 
weigh stations. 
MacGowan: Form follows function; will need to project what the trip purposes will be in 
20 years compared to today. 
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Rillings: Similarly, the USDOT and private industry need to jointly develop meaningful 
long range goals for dealing with that traffic 20 years from now. 
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Introduction 
 
This document contains the separately bound Appendices to report ________, 
Summary Report of the Cooperative and Autonomous Workshop.  The workshop 
was presented by the National Automated Highway System Consortium (NAHSC) to 
the U.S. Department of Transportation (USDOT) on the 27th and 28th of April, 1998, 
in Washington, DC.  The Workshop goal was to transfer the knowledge gained by 
the NAHSC regarding cooperative and autonomous systems to the USDOT’s 
Intelligent Vehicle Initiative (IVI) team.  The Workshop consisted of a wide range 
of briefings on different aspects of cooperative and autonomous systems presented by 
the Consortium.   
 
These Appendices contain the visual briefing materials presented.  The briefing 
materials are in different formats, so no attempt has been made to number the pages.  
The briefings are, however, in the sequence shown in the Table of Contents. 
 
An “autonomous” vehicle system is defined as one that is expected to work reliably 
without help, regardless of the ambient or external state.  A “cooperative” system is 
one in which performance is enhanced through some form of cooperation between the 
vehicle and other vehicles or the infrastructure; this cooperation could be as simple as 
reflectors on the rear of all vehicles; or complex as continuous communications 
between close vehicles or with the infrastructure. 
 
The Workshop covered two full days.  The USDOT limited attendance  to the 
government’s IVI team and Consortium presenters to help maximize the opportunity 
for free and open discussions.  A total of 36 people attended the Workshop.   
 
Brief introductions were given by both USDOT and NAHSC representatives to set 
the stage for the Workshop.  The state-of-the-art for autonomous vehicle collision 
avoidance systems was then given followed by a briefing defining cooperative 
systems and how they might help solve some of the problems faced by autonomous 
systems.  Follow-on briefings then presented detailed analytical and demonstration 
data that showed what the effect of cooperation might be on autonomous collision 
avoidance systems.  Briefings on topics that cut across both autonomous and 
cooperative systems were then given on topics such as societal and institutional 
lessons learned, liability, use of case studies, need for human factors research, critical 
enabling technologies, market packages, and evolution of collision avoidance 
systems.  
 
Discussion periods were held at the end of both days so that key points and 
implications could be discussed.  The goal was not that everyone had to agree by the 
end of the two days, but that the pros and cons of all issues were known and 
discussed by the attendees. 
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