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Platoon Demonstration Scenario

The platoon demonstration scenario is designed to show how vehicle  

automation technology can be used to make a major contribution to  

relieving traffic congestion. Platooning enables vehicles to operate much 

closer together than is possible under manual driving conditions, so that each lane 

can accommodate a significantly higher volume of traffic than today’s highway 

lanes. The high-performance vehicle control system also increases the safety of 

highway travel, significantly reduces exhaust emissions and energy consumption, 

reduces driving stress and tedium, and provides a very smooth ride.

The platoon demonstration will show the technical feasibility of operating standard 

automotive vehicles under precise automatic control at close spacings at highway 

speeds. This should make it possible to greatly reduce highway congestion by 

making it possible for each lane to carry at least twice as much traffic as it can 

carry today. The tightly coordinated operation of the platoon makes it possible to 

reduce the gap between vehicles significantly, while maintaining safety. At close 

spacing, aerodynamic drag is significantly reduced, which can also lead to major 

reductions in fuel consumption and exhaust emissions.

 The primary feature that distinguishes the platoon demonstration scenario from 

the other Demo ’97 scenarios is the use of eight vehicles operating in tight coor-

dination to show how an automated highway system can provide a significant 

increase in highway throughput (vehicles per lane per hour moving along the 

highway). The eight vehicles of the platoon travel at a fixed separation distance 

of 6.5 meters (21 feet) at all speeds up to full highway speed. At the maximum 

cruising speed of 65 mph on I-15, eight-vehicle platoons at this spacing, separated 

by a safe inter-platoon gap of 60 m (about 200 ft.) would represent a “pipeline” 

capacity of about 5700 vehicles per hour. Reducing this by 25% to allow for the 

maneuvering needed at entry and exit points corresponds to an effective through-

put of about 4300 vehicles per lane per hour, which compares very favorably to 

the approximately 2000 vehicles per lane per hour that could be achieved at this 

speed under normal manual driving conditions.

The short spacings between vehicles can produce a significant reduction in aerody-

namic drag for all of the vehicles (leader as well as followers). These drag reductions 

are moderate at the 6.5-meter spacing of the Demo, but become more dramatic 

at spacings of half that length. Wind-tunnel tests at the University of Southern 

California have shown that the drag force can be cut in half when vehicles oper-

ate at a separation of about half a vehicle length. Analyses at UC Riverside have 

shown how that drag reduction translates into improvements of 20 to 25% in fuel 

economy and emissions reductions.

The tight coordination of vehicle maneuvering is achieved by combining range 

information from a forward-looking radar with information from a radio com-

munication system that provides vehicle speed and acceleration updates 50 times 

per second. This means that the vehicles can respond to changes in the motions 

of the vehicles ahead of them much more quickly and accurately than human 

drivers. As a result, the space between the vehicles is so close to constant as to be 

imperceptible to the driver and passengers. This gives the illusion of a mechanical 
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coupling between the vehicles, which is especially apparent going up the 3% grade 

leading toward the north end of the I-15 HOV facility. You will probably have the 

sense that the vehicle in front of you is pulling your car up the hill.

The vehicle-vehicle communication capability is used to coordinate maneuvering. 

These maneuvers include lane changing, in which a vehicle safely coordinates its 

lane change with adjacent vehicles, so that they do not try to occupy the same 

place at the same time, and platoon join and split maneuvers — decreasing the 

space between vehicles to form a platoon and increasing the space to separate 

from a platoon.

Tight coordination among vehicles also facilitates responses to malfunctions, 

enabling all vehicles in a platoon to learn about a malfunction within a fraction 

of a second, so that they can respond accordingly. The vehicles are equipped with 

malfunction management software, to automatically implement such corrective 

actions as increasing the separation between vehicles while warning the drivers. 

The control system has also been designed with careful attention to passenger ride 

quality. Both the lateral (steering) and longitudinal (speed and spacing) control 

systems have been designed, tested, and proven to have higher performance than 

even highly skilled human drivers. The lateral control system keeps the vehicle 

to within a few inches of the lane center under virtually all conditions, which 

is much more accurate than human drivers’ steering. The longitudinal control 

system maintains speed and spacing accuracy that exceeds that of all but virtuoso 

race-car drivers.

The accuracy and fast response of the longitudinal control system provides a reas-

suring, smooth ride. Although some people are initially startled by the “tailgating” 

aspect of vehicle following at close separations, most of them quickly adapt and 

develop a sense of comfort and security because of the constantly-maintained 

separation. 

The human/machine interface on the Demo LeSabres has been carefully designed 

to enhance user acceptability. The steering-wheel control buttons can be used to 

activate and deactivate automation functions, and the flat-panel display in the 

center of the instrument panel provides timely status information. The latter is 

important so that the driver can be given assurance during fully automated driving 

that the system really “knows” what it’s doing. Maneuvers that might be surprising 

are indicated in advance on the display so that there are no surprises and so that 

vehicle movements will seem natural and logical.

The platoon scenario does not include the full range of functions that would be 

needed for an operational automated highway system. However, it includes some 

capabilities that would not be needed in normal AHS operations. For example, the 

entire platoon starts from a stop at the start of the demo, and decelerates to a stop 

at the end, because of the physical constraints of the Demo site. In an operational 

system, individual vehicles would accelerate on the onramps to merge into the 

traffic stream and would decelerate on the exit ramps after lane changing out of a 

platoon, while the mainline traffic would be flowing continuously. Since the I-15 

HOV facility does not have intermediate on- and off- ramps, the entire platoon 

starts and stops together.



Platoon Demonstration �

The platoon demonstration gives a realistic sample of the experience of traveling 

in a fully automated AHS vehicle, and shows that comfortable, high-capacity, 

automated travel is technically feasible in the near future, as well as being a pleas-

ant experience.

Lateral Control
For a vehicle to follow the road, the road has to be first marked by some indicators 

that define its boundaries. The vehicle then employs appropriate sensors to mea-

sure the corresponding physical properties of the indicators and to determine its 

relative location with respect to the road markings. On-board intelligence, based 

on the relative locations, commands the steering actuator to steer the vehicle and 

follow the road. 

The PATH automatic steering control system uses magnetic markers buried along 

the road center 4 feet apart to define the roadway.  By alternating the polarities 

of the magnetic markers, they also transmit such roadway characteristics as up-

coming road geometry information, milepost locations, and entrance and exit 

information to the vehicle.  Six three-axis fluxgate magnetometers, developed by 

Applied Physics, located below the front and rear bumpers of the vehicle, pick up 

the magnetic field emitted from the magnets. A signal processing algorithm, by 

comparing the measured magnetic field strength to the ‘magnetic field map’ of a 

magnet and eliminating the background noise, determines the relative position 

of the vehicle to the road center.  This information is then provided to a Pentium 

computer to determine the desired steering command using a robust algorithm.  

A DC motor added to the steering column, developed by Delphi Saginaw, steers 

the vehicle according to the steering command.
 

The result is an automatic steering system that tracks the roadway center with less 

than three inches of error with good passenger comfort.  The major advantage of 

such a system is that it offers a relatively simple, potentially economical, and very 

robust automatic steering control system.  The system works equally well under 

inclement conditions such as rain, snow, and low visibility.

Longitudinal Control
In the platoon demonstration, eight vehicles travel in close coordination under 

fully automated longitudinal and lateral control. The cars maintain a fixed spacing 

of 6.5 meters (21 feet) between themselves at all speeds up to full highway speed. 

The spacing is maintained with an accuracy of ± 10 cm. (4 inches) during cruising 

and ± 20 cm. (8 inches) during maneuvers like acceleration and deceleration. In 

the future, improved spacing accuracy achieved by the longitudinal control system 

should enable the spacing to be reduced to less than 2 meters (6.5 feet).

This short spacing between vehicles can increase the throughput of the highway, al-

lowing it to carry as much as twice or three times as many vehicles than now. The other 

major advantages of the platooning system are increased safety and fuel efficiency. 

Safety is increased by the automation and close coordination between vehicles, and 

is enhanced by the small relative speed between the cars in the platoon. Because the 

cars in the platoon travel together at the same speed, a small distance apart, even 

extreme accelerations and decelerations cannot cause a serious impact between the 
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cars. The limited spacing constrains the maximum relative speed between cars in 

the event of a crash, and ensures the safety of passengers. 

Accurate intercar spacing in the platoon is achieved by the longitudinal control 

system through the use of radar and radio communication between cars. Each 

car in the platoon uses its radar to measure the distance to the preceding car. The 

radio communication system provides each car with broadcast information on the 

velocity and acceleration of the preceding car and the lead car of the platoon. All of 

these signals are used by the longitudinal feedback control system to continuously 

determine the desired acceleration of each car. The throttle or the brake is then 

used to provide the desired acceleration. A knowledge of the dynamic behavior 

of the throttle and brake actuators ensures that they are expertly controlled so 

that the desired acceleration is achieved very accurately. The longitudinal control 

system updates the actuators at a rate of 50 times per second.

The platoon demonstration also shows how a car can leave or join the platoon 

at any desired time. The radio communication system is used to coordinate such 

maneuvers within the platoon. A car that desires to leave the platoon informs the 

lead car, and is then given permission to drop back to a larger spacing from the 

preceding car. The car immediately behind also drops back to a larger spacing. The 

exiting car then makes an automated lane change to the adjacent lane. (If there 

were an off-ramp available on the test facility, this vehicle could have then exited 

to go to an intermediate destination.) All the cars in the rear of the platoon then 

speed up to join those in the front, so that the original spacing between all cars 

is restored. After a mile of cruising in the other lane, the car that split from the 

platoon rejoins it. The split car slows down and matches speed at the tail of the 

platoon, makes one more lane change, and then accelerates to rejoin the platoon 

as its very last car. This is the way a car entering the system at an on-ramp would 

join the passing platoon.
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Fault Management
A very important feature of the vehicle control system is the automated fault man-

agement system. The fault management system will both detect and handle failures 

in the sensors and actuators. Failures are typically detected within a fraction of a 

second of the time they occur. Some failures are handled without any perceptible 

change being noticed by the passengers. In some cases, however, for instance in 

the case of a radio communication system failure, passengers will notice that the 

spacing between some cars in the platoon is enlarged to as much as 15 meters. In 

the rare event of an actuator failure (throttle or brake failure), the driver of the car 

will be informed that his intervention is necessary.

When a failure is detected in any vehicle, appropriate action messages are broadcast 

to all the vehicles in the platoon to coordinate their response. Even a malfunction 

like a complete breakdown of the computer system in a car will trigger a fault 

management response in the other cars in the platoon, thereby avoiding a crash. 

This is possible because a computer breakdown in any car causes the car behind 

it to stop receiving appropriate radio messages, thereby enabling it to detect that 

a fault has occurred. The fault management system ensures greater safety even in 

the case of a malfunction in any of the hardware.
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The Platoon Demonstration is the product of years of labor, including many long 

days and nights preceding Demo ‘97, by many people from industry and academia 

across the country. The following pages credit those people and their roles in making 

this part of Demo ’97 a reality.

Platoon Demonstration Participants
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University of California PATH Program
PATH researchers designed the operational concept and control systems for the 

Platoon Scenario, and specified the hardware performance requirements. They 

developed the magnetic reference sensor system for lateral control, the electronic 

throttle actuation system, the communication protocols for vehicle-to-vehicle 

communication, and the malfunction management software. PATH researchers 

also integrated all the in-vehicle software, and debugged and tested the complete 

vehicle control system. Wei-bin Zhang  (narrator)
 Program Manager 

Lateral Control System Development

Longitudinal Control System Development

Software Development and Implementation

Vehicle System and Experimental Support

Han-shue Tan, lead (narrator)
Chieh Chen (driver), Jürgen 
Guldner (narrator), Satyajit 
Patwardhan

Rajesh Rajamani, lead (narrator) 
Sei-bum Choi, Farokh Eskafi, 
communication protocol 
development

Paul Kretz, lead
Benedicte Bougler, system 
administrator (driver, narrator), 
Boon Law, communication 
protocol development (driver), 
Andrew Segal, radar evaluation & 
configuration management

Jay Kniffen, lead (driver, narrator)
Sonia Mahal, electronic interface 
debugging (driver, narrator), 
David Nelson, hardware support 
(driver), Robert Prohaska, vehicle 
hardware design & integration

Platoon Demonstration Participants
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General Motors 
• Research and Development Center
General Motors Research and Development Center arranged to obtain 10 Buick 

sedans and their steering and braking actuators for the platoon demonstration. 

GMR&D provided systems engineering support for the PATH development effort. 

GMR&D also provided extensive engineering and technical assistance both in 

initial design and construction and subsequent support of the vehicles, including 

wiring, circuit boards, magnetometer covers, radar mounts, equipment packaging, 

cooling, power supply designs, and grille modification. 

• Delphi Chassis Systems
Bryan Riddiford, Ryan Wright, Wes Bogner, and Ernst Baumgartner from Delphi 

Automotive designed, built, tested and supported the brake-by-wire systems on 

the demonstration vehicles. Current state-of-the-art brake system technology 

developed by Delphi Automotive was applied and adapted in innovative ways to 

successfully match demonstration vehicle brake requirements.

First row: Jack Beard, Mike 
Briggs, Tom Brown, George 
Clancy, and Vince Fong

Second row: Shelby Jett, James 
McKenna, Gene Suchenek,and 
Carl Witkowski 

Ernst Baumgartner, Wes Bogner, 
Bryan Riddiford, and  
Ryan Wright 
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• Delphi Saginaw Steering Systems
Delphi Saginaw Steering Systems developed, designed, installed, and maintains 

the steering actuator for the Demo ’97 Platoon Demonstration system.

The Buick Motor Division of General Motors provided the ten Buick LeSabres used 

in the platoon scenario demonstration, and provided vehicle support as well. 

Buick General Manager Robert E. Coletta commented as follows on Buick’s  

support of Demo ’97: “The automated highways previewed here will offer an 

important technology that will provide for more efficient use of freeways and 

more stress-free and safe travel, among other benefits. Buick is a perfect fit for the 

automated highway demonstration because both Buick and the demonstration 

are focused on comfortable, convenient, and safe travel.”
Mike Doble, Concept Vehicles & 
Technology Manager,  
Cross Brand Team

• Buick Motor Division

General Motors (cont.)

First row: Aparna Amberkar, 
Farhad Bolourchi, Karen Boswell, 
Craig Hennings, and Julie Kleinau

Second row; Scott Milsap, Eric 
Pattok, Larry Swiercz, and  
Reeny Sebastian 

Not pictured: Tim Kaufmann 
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Delco Electronics
Delco Electronics has contributed key AHS vehicle components, including the 

Automotive Radar, Powertrain Control Module, Steering Controller, Fiber-Optic 

CAN bus and the Driver Interface.  The Driver Interface consists of a Flat Panel 

Display, a Head-up Display and Steering Wheel Controls.  The information on 

these displays is supplemented with audio messages to keep the occupants of the 

vehicle informed of the state of the vehicle.

Adil Ansari, Joy Beeler, Ron 
Broniak, and Gordon Cheever 

Dave Curry, Steve Ewbank, Wally 
Fahling, and Mark Hewitt

Tom Jaworski, Ashok 
Ramaswamy, Steve Skiver, and 
Rob Perisho

Zhaihing Zhang
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Hughes Aircraft Company
The Hughes team is responsible for development of the vehicle-to-vehicle com-

munication system. Hughes designed the over-the-air protocol and message format 

and specified its implementation in a commercially available spread spectrum 

product marketed by Utilicom, Inc. Hughes specified the radio interface card for 

the on-board computer and modified the software driver to support high speed data 

transfers. Hughes also developed integration software that tests the over-the-air 

performance of each radio in the platoon and displays diagnostics for analysis.

Ron Colgin

Not pictured: Aimee Cochran, 
Fred Mangarelli, and Eric Reichelt
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Caltrans
Since 1986, the California Department of Transportation has funded and sup-

ported the California PATH program’s research into longitudinal and lateral con-

trol systems for automated highway system vehicles, culminating in the Platoon 

Demonstration. 

Caltrans District 11 and the Caltrans New Technology and Research Program 

designed, surveyed, and installed the magnetic markers on Interstate 15, as well as 

providing continued support and additional infrastructure for Demo ’97 needs.

Lynn Barton–Project Manager, 
John Isaak–Construction, 
Richalene Kelsay–Environmental 
Analysis,  and Hanh-Dung 
Khuu–Project Report

Bruce Lambert–Minor Contracts 
Design, Tarbell Martin–Traffic 
Management Center, Jon 
Mehtlan–Structures Construction, 
and Joy Pinne

Barbara Rinkleib–Traffic 
Management Center, Dave 
Sanderfer–Project Report, Pat 
Thomas–Officer Engineer, and 
Tim Vasquez–Environmental 
Analysis

Tom Westbrock–Minor Contracts 
Design, and Randy Woolley

Not pictured: Leon Edmonds–
Officer Engineer, and Karen 
Wallace, Debra Warnholtz, Evora 
Ogden, Marcus Cinco of the 
Traffic Management Center
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Survey Group:  Bruce Urquhart, 
Ramon Vasquez, Molly Wollam, 
Randy Haralson, Vance Breshears 

Minor Contract Design Group: 
Dan Goldberg, Tonya Jackson, 
Victor Piaz, Sandro Bermudez, 
Frank Thomas, Harwell Ontor, 
and Jim Haines.  Not pictured is 
Jeff Scott.

Budgets Group:  Janet Desmond, 
Karyn Farr, Barbara Kuehnert, and 
Carmen Wendall. Not pictured is 
Christine Valle.
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• Southern California Automobile Club
John Gallisath from the Southern California Automobile Club has been specially 

trained as a driver for the Platoon Demonstration.

John Gallisath

• Aberdeen Proving Ground Staff
Specially trained officers of the United States Army Aberdeen Proving Ground staff 

act as drivers of the Platoon Demonstration vehicles.

Chay Blount, Luis Gonzalez,  
Hai Dzu Lee, and
John Suthard

Additional Drivers
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Additional Narrators 

PATH Narrators Ching-Yao 
Chan, Akash Deshpande, Datta 
Godbole, and Aleks Gollü

PATH Narrators: James Bret 
Michael, Mark Miller, and  
Jim Misener

PATH Deputy Director  
Steve Shladover 
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Credits: designed by Esther Kerkmann. Text by Rajesh Rajamani, 
Steve Shladover, and Han-shue Tan. PATH photos by Bill Stone, Gerald 
Stone, Jay Sullivan, and Fred Browand. Other photos courtesy of each 
organization



California PATH–Partners for Advanced Transit and Highways–is a joint 

venture of the University of California,  other public and private academic 

institutions, Caltrans, and private industry, with the mission of applying 

advanced technology to increase highway capacity and safety, and to reduce 

traffic congestion, air pollution, and energy consumption.



National Automated Highway System Consortium

University of California 
PATH Program

Coordinated Longitudinal Control

AHS Simulation Animation

Precision Lateral Control

Roadway Magnet for Lat-
eral Control

Tire Burster for Testing 
Emergency Control

A L I F O R N
California Partners for 
Advanced Transit 
and Highways

	 The University of California PATH programs’s participation in National Au-
tomated Highway System Consortium (NAHSC) is defined by our legacy of close 
to a decade of continuous work as the preeminent research center for Automated 
Vehicle Control Systems (AVCS)–especially as it relates to Automated Highways.  
From this basis, we perform work focusing on concept development, creation of 
analytical tools and simulations, providing enabling technologies, and leading a 
demonstration of platoon operations for the 1997 Feasibility Demonstration.  Fu-
ture PATH activities in Automated Highway Systems (AHS) will include prototype 
development and evaluation.

	 The PATH research team combines in-depth technology and vehicle ex-
periment expertise with a solid understanding of the operational, economic and 
institutional framework within which any transportation system must function.



	 The University of California PATH Program in collaboration with the California 
Department of Transportation (Caltrans) has been leading the way in Intelligent 
Transportation Systems (ITS) research since its founding in 1986, before the terms 
ITS or  IVHS had even been coined.
	 The purpose of the PATH Program is to develop the foundations for the wide-
spread adoption of advanced technologies that will help improve the operation of 
California’s surface transportation systems.
	 The PATH charter includes conducting leading-edge research, evaluating opera-
tional tests, developing public/private/academic partnerships, and educating both 
students and practitioners about ITS. 

University of California PATH Program

	 PATH has about 50 full-time staff members, but the majority of the PATH research 
is conducted on the campuses of the university partners, employing graduate stu-
dents supervised by faculty members. These are supplemented by subcontracts 
to private companies as needed and by cooperative research agreements with a 
variety of organizations, including private companies as well as public institutions, 
both domestic and overseas. The more product development-oriented work of the 
private companies can serve to complement the more basic work of the academic 
researchers, so that each can concentrate on that to which it is best suited.

California PATH Program
University of California, Berkeley
1357 South 46th St., Bldg. 452
Richmond, California 94804

Steve Shladover (510) 231-9537, Fax (510) 231-9565
ses@kinglet.berkeley.edu, http://www.path.berkeley.edu

A L I F O R N

The National AHS Consortium 3001 W. Big Beaver Road, Suite 500 Troy, MI 48084 
Phone: (810) 816-3400 FAX: (810) 649-9569 http://web1.volpe.dot.gov/nahsc

Prototype in-
ertial sensor 
system for 
vehicles

Machine 
Vision 
Based 

Obstacle 
Detection 

System



Automated Driving Mini-Demonstration

PATH (Partners for Advanced Transit and Highways) 
is a joint venture of the University of California, 
Caltrans, private industry and other public and 
privite academic institutions.

What are we demonstrating?
The Buick LeSabre test vehicle drives itself 
around the demonstration course under 
completely automatic control, with no 
intervention from the driver. It follows the 
intended path very smoothly, accurately, 
and consistently.

What is the significance of this  
mini-demonstration?
This mini-demo shows the capabilities of 
modern sensor, actuator, computer, and 
control technologies for controlling vehicle 
motion. The curvature and lateral accelera-
tions on the mini-demo course are more 
severe than would be encountered in nor-
mal highway operations, so if we can prove 
good performance under these conditions, 
the performance should be even better on 
the highway.

How does this relate to development of an 
Automated Highway System (AHS)?
The Buick LeSabre used for this mini-demo 
was one of the vehicles used in the auto-
mated platoon demonstration scenario at 
the National Automated Highway System 
Consortium (NAHSC) Demo ’97 in San 
Diego, California. At that demonstration, 
this vehicle performed a series of highway 
driving maneuvers under fully automated 
control. It is equipped with all the tech-
nologies needed for fully automated lateral 
control (steering) and longitudinal control 
(speed and spacing) in a suitably equipped 
highway lane. The same software that con-
trolled it in the NAHSC demo controls it in 
this mini-demo.

Why is the demonstration not on  
a highway?
This test vehicle does not have all of the sen-
sors and software that would be needed to 
detect all roadway hazards. The radar sensor 
in the front grille is designed only to detect 
another vehicle ahead of it, not obstacles, or 
other vehicles that might be approaching too 
fast from the rear, sideswiping, aggressively 
cutting in front, etc. Those capabilities are 
not likely to become available for decades, 
so automated vehicles need to be protected 
from such hazards for the foreseeable future 
by being separated from the normal driving 
environment.

How does it work?
The vehicle is steered by measuring its 
position relative to a sequence of simple 
permanent magnets buried just beneath the 
pavement surface. This magnetic marker 
reference system provides extremely accurate 
and reliable measurements of vehicle position 
under all weather conditions. Measurement 
accuracy is better than 1 cm, and steering 
accuracy within a few cm. The magnets have 
been installed every 1.2 m along the path that 
the vehicle follows.

A set of three flux-gate magnetometers 
mounted under the front bumper and a 
similar set mounted under the rear bumper 
detect the magnetic fields of the magnets. 
A Pentium computer in the trunk processes 
these measurements to determine the lat-
eral position and yaw angle of the vehicle 
relative to the desired path. That informa-
tion is then used to generate commands to 
an electric motor mounted in the steering 
column, which turns the steering wheel by 
an appropriate amount to steer the vehicle 
back to the desired path. The polarity of the 
magnets (north or south pole up) is used to 
tell the vehicle how far it is along the path, 
so that it knows where to stop. 

The speed profile for the vehicle was prede-
termined for demonstration purposes and is 
stored in the computer, which issues com-
mands to the throttle and brake actuators. 
The throttle actuator is an electric stepper 
motor mounted to the throttle, and the 
brakes are controlled by an electronic actua-
tor as well.

What else can this vehicle do?
This vehicle can drive itself in reverse around 
the mini-demo course at much higher speeds 
than human drivers can manage. This shows 
the ability of the automatic control systems 
to drive in ways that human cannot. You 
may also be able to observe some reverse 
driving. 

This vehicle can also follow other vehicles at 
very close spacings as part of an automated 
platoon. At Demo ’97, it was part of an 
eight-car platoon that operated at full high-
way speed with separations as small as 5 m 
between the cars, maintaining the separation 
to within an accuracy of 20 cm on flat road 
and 50 cm when driving on a slope. These 
accuracies are so good that passengers in the 
cars did not perceive the differences in sepa-
ration, and felt as if there was a mechanical 
coupling between the cars.















The Honda-PATH 
Control Transition Demonstration

In 1996 Honda R & D North America, Inc. and California PATH (Partners  

for Advanced Transit and Highways), a University of California/Caltrans  

research partnership, launched a joint venture with the goal of demonstrat-

ing several aspects of Automated Highway System (AHS) technology. Honda 

supplied three Accords equipped with throttle, brake, and steering actuators, as 

well as forward-looking laser radar. PATH engineers provided a machine-vision 

system for lane tracking, a magnetic marker sensing system for steering control, 

the steering and speed control software, and the control computer.

 From August 7-10, 1997, the three automated Accords were demonstrated 

at the National Automated Highway Systems Consortium Technical Feasibil-

ity Demonstration – “Demo 97” – in San Diego, California. Two of the cars 

were run on the reversible express lanes of the Interstate 15 freeway north of 

downtown San Diego, and one car was run as a “mini-demo” at the Demo ’97 

Exposition site. The mini-demo car demonstrated vision-based lateral control 

by literally driving itself around a small peanut-shaped course consisting of a 

single white line that was tracked by the vehicle’s vision system. The two cars 

used on I-15 demonstrated a “Control Transition” scenario: they not only drove 

themselves, using the systems described above to find the center of the lane, 

but also used them to detect and avoid obstacles, and to follow other cars at a 

specified distance. Both demonstrations were very successful. Approximately 

1200 people rode in the mini-demo vehicle, and more than 100 rode in the 

two control-transition cars.



The Control Transition Scenario
For the AHS technical feasibility demonstration, Honda and PATH chose to 

emphasize “control transition:” transition from a rural environment with no 

AHS  infrastructure support to an urban environment with infrastructure. In 

this scenario, the two cars act as independent but fully autonomous vehicles. 

Steering is controlled via input from the vision system, and longitudinal spac-

ing is controlled by input from the laser radar. The vehicles independently see 

a stationary obstacle and make an automatic lane change to avoid it, demon-

strate adaptive cruise control and platooning, and finally, while in a platoon, 

transition from steering by machine vision to steering by sensing magnetic 

markers. Both vision-based and magnetic-marker based lane-tracking systems 

use sophisticated software running on off-the-shelf computer chips to find the 

lane markers (lines) in the video image and feed back this information to the 

vehicle controller, which steers the vehicle to the center of the lane via com-

mands to an electromechanical actuator. These systems are being developed 

by researchers from PATH and the Elecrical Engineering and Computer Science 

Department of the University  of California at Berkeley.

Steering by Machine Vision
The lane-tracking system based on machine vision captures images from one 

of the video cameras mounted in front of the rear view mirror and looks for 

features that could be lane markers in each picture. 

This system uses the positions of these markers in the image, as well as the 

measurements it receives from the on-board fiber optic gyroscope and the 

speedometer, to form an estimate of the position and orientation of the vehicle 

within the lane and the curvature of the roadway. By using robust estimation 

techniques, the system is able to reject markings that are not lane markings. It 

performs well in a variety of road surfaces and lighting conditions.

The vision-based steering-control system uses the information returned from the 

lane-tracking system to compute an appropriate steering command. The system 

tries to match the curvature of the road and to keep the vehicle in the center 

 Stereovision cameras used in the Honda-
PATH vehicles . The small cameras on the 

left and right are a stereo or binocular 
pair that allow the vehicle to see much 
like a person (the large camera is not 

currently used). A computer can compare 
the pictures from the two cameras and 

uses triangulation on objects in the image 
to determine the distance, which is useful 

for keeping a safe distance from the 
vehicle in front. (This system, still under 
development, is currently being tested.)



of the lane. Since the vision system is looking ahead of the vehicle, it is able to 

make steering commands in anticipation of changes in curvature of the roadway. 

This allows the system to do a better job of controlling the vehicle

Steering by Sensing Magnetic Markers 
The magnetic marker sensing technology employed by the Honda-PATH AHS 

vehicles utilizes a three-point sensor arrangement that provides extreme accu-

racy and robustness against external noise. From measurements of the marker’s 

magnetic field at the two closest sensor locations, the distance, as well as the 

magnet’s orientation (i.e., north or south pole up), are computed. The distance 

estimates are important for lane-keeping, and the sequence of field orientations 

(e. g., north-south-north-south) are used to encode important travel informa-

tion, such as mileage markings and roadside services.

Control Systems
Lateral control
Automatic lateral control can be conceptually represented by the mechanical 

linkage system shown above. The slot represents the road center, while the 

swivel arm is analogous to the control law, which in reality is an algorithm or 

logic set by which the computer determines the commands required to keep 

The magnetic field of magnets installed in 
the pavement is continuously monitored 
by a magnetometer array located at 
the vehicle front end. As the car passes 
directly over a magnetic marker, an on-
board computer determines the marker’s 
position relative to the array’s center 
based on the measured magnetic field 
strengths and directions.

The length of the “control arm” is 
governed by the particular referencing 
system utilized. Vision systems, which 
provide “look-ahead” referencing, allow 
for longer arm lengths than magnetic 
marker sensing systems, which provide 
“look-down” referencing. Longer arm 
lengths yield more heavily damped 
behavior, i.e. smaller oscillations.



the vehicle centered within the lane. Positioned at the top of the information 

system hierarchy, the controller draws information from the sensors (velocity, 

yaw rate, acceleration, lateral displacement, and current steering angle) and 

outputs the commanded steering angle to the steering actuator. At an update 

rate of 20 milliseconds, the controller can quickly respond to changing condi-

tions and unexpected contingencies, e. g. obstacle avoidance, despite a wide 

range of speeds (0 to > 150 kph or 90 mph) and road conditions.

Longitudinal control
Automatic longitudinal control—control of the gap between vehicles—is also 

a software realization of a mechanically-linked system. The virtual spring and 

shock absorbers generate the forces required to position the vehicle relative to 

its predecessor. The virtual spring displacements are obtained from the laser 

radar. Thevirtual shock absorber closing rates are obtained either from successive 

laser radar measurements (non-cooperative cruise control), or by comparing 

the velocities of the leading and following vehicles via radio communication 

between the two vehicles (cooperative cruise control). The stiffness of the 

control, or conversely, the comfort level, can be tuned by varying the spring 

and damper parameters. As a general rule, stiffer control results in smaller 

spacing errors. At highway cruising speeds, errors made by the Honda-PATH 

cooperative cruise control system are typically much less than those made by 

the average human driver.

 

Under cooperative cruise control, both 
leading and following vehicles are 
electronically “tied” to a virtual reference 
vehicle, as well as to each other. Under 
noncooperative cruise control, the connection 
between the following vehicle and reference 
vehicle is cut.
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