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INNOVATIONS DESERVING EXPLORATORY ANALYSIS (IDEA) PROGRAMS MANAGED BY THE
TRANSPORTATION RESEARCH BOARD (TRB)

This investigation was completed as part of the ITS-IDEA Program, which is one of three IDEA
programs managed by the Transportation Research Board (TRB) to foster innovations in surface
transportation. It focuses on products and results for the development and deployment of intelligent
transportation systems (ITS), in support of the U.S. Department of Transportation’s national ITS
program plan. The other two IDEA programs areas are TRANSIT-IDEA, which focuses on products and
results for transit practice in support of the Transit Cooperative Research Program (TCRP), and NCHRP-
IDEA, which focuses on products and results for highway construction, operation, and maintenance in
support of the National Cooperative Highway Research Program (NCHRP). The three IDEA program
areas are integrated to achieve the development and testing of nontraditional and innovative concepts,
methods, and technologies, including conversion technologies from the defense, aerospace, computer,
and communication sectors that are new to highway, transit, intelligent, and intermodal surface
transportation systems.

The publication of this report does not necessarily indicate approval or endorsement of the findings,
technical opinions, conclusions, or recommendations, either inferred or specifically expressed therein, by
the National Academy of Sciences or the sponsors of the IDEA program from the United States
Government or from the American Association of State Highway and Transportation Officials or its
member states.
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RESONANT  LOOP LANE CONTROL
SYSTEM

Principal Investigator
E. WILLAM BUSH

IDEA Product for ITS

A new system of detecting the position of a
vehicle relative to the center of the roadway lane
has been developed. This system utilizes a phase
detection process in the vehicle to determine the
position of the vehicle relative to a resonant
circuit (loop) installed in the center of the lane as
shown in Figure 1.

l
Figure: 1 System configuration Vertical Vehic Transmit Coil

A
As the vehicle proceeds down the lane the
position detector provides an output signal
voltage which is positive if the vehicle is on the
left side of the loops or negative if the vehicle is
on the right side of the loops. When the vehicle
reaches the center of the lane the voltage nulls
out. This voltage is used to provide the driver a
steer left or steer right meter indication or the
voltage is used as feedback in a servo control
mechanism to actually steer the vehicle. A similar
function is currently performed by the speed
control implementation presently in most vehicles.
The speed control system includes a manual
override provision and the lane control system
would also include a manual override provision.

The objective of automatic servo controlled
steering is to keep a vehicle exactly in the center
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of the road without driver assistance. Without the
constant pressure of the tedious steering task, the
driver has more time to prepare for and react to
unexpected or unanticipated events that may
occur.

Concert  and Innovation

This new resonant loop vehicle positioning system
concept evolved from observations of the signal
return from a passive resonant circuit. When
signal energy is inductively coupled into a
resonant tank circuit the tank circuit inherently
emits energy. This energy interchange provides
the basis for the vehicle positioning system.
Figure 2 shows that the phase and polarity of the
inductively coupled signal from the vehicle
transmitter coil into the road coil depend on the
position of the road coil relative to the
transmitting coil. No signal is induced into the
road coil if it is centered directly below the vehicle
transmitting coil. The induced current into the
road coil is clockwise if the coil is on the right
side of the transmitting vehicle coil and counter
clockwise if the road coil is on the left side of the
transmitting vehicle coil.

Transmit Coil

Figure: 2 Vehicle to road link

The secondary induction coupling from the
road coil into the vehicle receive coil is shown in
Figure 3. Note that the receive coil is mounted
horizontal and at right angles to the transmit coil
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Since the automatic steering of a vehicle
exceeded the time and resources available, a
meter was added to the system to provide the
driver steering information. This allows the driver
or requires the driver to keep the vehicle centered
by following the meter indication. Initially the
meter appeared to be very confusing because of
noise. When a signal was present the meter was
well behaved but whenever the signal was not
present the meter indication was completely
random. It was also appreciated that a road coil
return would not always be present. The system
inherently nulls out the signal return when the
road coil is centered with respect to the vehicle
module.

In order to avoid the meter noise problem as
well as any possible constraint in the road coil
spacing a sample and hold circuit was added to
the receiver. This additional circuit allowed the
receiver to obtain a sample when the signal was
present and hold the sample signal until another
sample was available. The circuit used the AGC
(automatic gain control) voltage in the receiver to
gate the direction signal to the meter whenever
the receiver input exceeded a set designated level.
A dramatic improvement in the meter response
was observed with the implementation of this
circuit. The meter indication remained at center
scale until an error signal was detected. If a left
or right signal was detected the meter held the
meter indication until the next input sample was
detected.

l With the sample and hold circuit functioning it
was possible to efficiently diagram the azimuth
range between the road coil and the vehicle. In
determining how the operational range varied
with azimuth angle around the vehicle coils a
“foot print” diagram was found to be the most
graphic and understandable. The footprint data
was obtained by moving a road coil around on the
road surface under the vehicle and established the
profile where the received signal (AGC voltage)
was constant. A typical footprint diagram is
shown in Figure 7.

Figure: 7 Footprint diagram

The minor unbalance reflected on the footprint
diagram was found to be leakage from the
transmitter directly to the receiver. Both the
transmitter to antenna and the receiver to antenna
coaxial cable were approximately 3 feet long. This
provided a small but perceptible leakage path
around the antenna which produced the
unbalanced signal. The prototype production
configuration will eliminate this unbalance by
shortening the cable runs and utilizing solid
jacket coaxial cables instead of braided shield
cables.

A representative range measurement taken
from Figure 7 can be used to project range based
on changes in the receiver sensitivity. The
receiver AGC voltage provides a calibration on
the received signal level into the receiver. This
relationship is reflected in the receiver sensitivity
curve shown in Figure 8. This curve shows the
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Figure: 11 Vehicle picture

down a row of coils the video shows the positive
and negative meter needle swings, following and
correlating with the vehicle position on the left or
right side of the center line.

The strip chart recorder tape also shows the
left or right error signal as the vehicle proceeds
down a particular row of road coils. These tape
recordings can be followed along with the video
to see the corresponding deviations and the
correlation that exists. A reconstructed copy of
the data recorded by the strip-chart recorder is
shown in Figure 12. Two runs are reproduced.
In each case the strip-chart recorder speed of
recording was constant so the horizontal
transitions of the pen represent the 13 feet
between the road coils. The vertical transitions of
the pen represent the time the vehicle was passing
over the road coils. In each case the vehicle is
seen to accelerate from the beginning of the run to
the end.

The charge and discharge time in the sample
and hold circuit was an arbitrary selection. The
discharge time constant was approximately 6
seconds and the charge time-constant was
approximately 100 ms. Optimum values will
await further testing. It is anticipated that the

time constants will be dynamically scaled and
adjusted in proportion to vehicle speed.

Center Line,

Run #32

Center Line

Run#30

Figure: 12 Road test data

The phase detector output in the vehicle is
very sensitive. The width of the null at the center
varies with the sensitivity setting of the AGC
cutout. The higher the sensitivity, the narrower
the null becomes. During the tests, the center null
was set to be approximately one-half inch wide.
Within the one-half inch wide area, the phase
detector output is zero. As soon as the road coil
goes outside the null area the phase detector
output quickly goes to full output. The servo
system should therefore make steering corrections
based on a reasonable “g” load which the car and
passengers can accommodate safely and
comfortably. It is possible that the receiver AGC
could be used to further define the vehicle
position relative to the center line of the lane. A
profile of the AGC voltage versus distance from
the lane center is shown in Figure 13.
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Figure: 13 Receiver AGC versus range

The AGC versus range data shown in figure 13
was taken at right angles to the lane center line
with the range measured from the center of the
vehicle transmit and receive coils.

The ultimate selection of a system for lane
control will be based on achieving the desired
functionality at the minimum cost. It is therefore
necessary and essential to access the costs
associated with the resonant loop system. A major
element and possibly the dominant portion of the
system cost is associated with the roadway
modification requirements.

The loops could be buried when the road is
surfaced or installed by grinding a shallow trench
in an existing road surface similar to the method
presently used to install reflector markers. Loops
could be produced that closely fit the trench as
shown in Figure 14.
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This will facilitate a simple and relatively quick
installation. The trench would be produced by a
grinding process followed by the adhesion of the
loop assembly into the trench with a bituminous
compound at 425o F. The bituminous compound
cools quickly and the adhesion is firm in a few
seconds.

Cost estimates for the installation were found
to vary, to some degree, depending on personal
appraisals. Estimates were obtained from:

1. CALTRANS, District 11 Office of
Engineers

2. PENHALL, Pasadena Contractor
3. WORKS, Palm Springs Contractor
4. PACO, San Diego Contractor

The actual costs are only obtained by establishing
a specification which defines the quantity,
location, etc. and followed by a competitive
procurement. Historical data furnished by
CALTRANS show the average cost for reflector
markers installed during 1994 was $9.33. This
included 16 separate contracts with quantities per
contract varying from 5 markers to 8,520
markers. The procurements do not identify or
separate the cost elements but estimates indicate
that the grinding represents about 75% of the
total cost or about $7.00.

Since the volume of the road material to be
extracted for the road coil loops would be only
22% of the volume currently being extracted for
the reflective markers, the grinding time would be
reduced a commensurate percentage. The
grinding costs are amplified by the safety aspects
of a typical installation. Five vehicles are typically
involved in the road installation process including:
(a) two vehicles to identify the lanes with the
reflector markers, (b) a crash cushion “attenuater”
truck, (c) a monitoring pickup truck and (d) the
actual installation vehicle. With the labor and
equipment required during the grinding and
installation process, any savings in time translates
into significant cost savings. Taking into
consideration the reduction in the grinding time
but adding time for the adhesion process estimates

Figure: 14 Loop installation
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were found to vary from $4.00 to $5.00 for the
installation.

The cost for the road coil assembly is
estimated to be comparable to the reflective
markers. Both reflective markers and the loops
would be molded assemblies. A cost tradeoff
would consist of the elimination of the glass
reflector and the addition of the electrical
components required for the resonant circuit.
These electrical components consist of a #12 wire
30 inches long and a capacitor. The present lane
reflector markers sell for less than $2.00 in large
quantities.

Combining the installation with the loop
assembly cost the overall cost appears to be
$6.00 to $7.00 per loop providing the number of
loops installed is 15,000 or greater. These figures
can only be considered rough estimates which will
ultimately be validated by an actual contract
procurement.

Costs for the resonant loop system vehicle
module are principally made up of the coil
assembly and the electronic circuits. In both
cases the existing breadboard provides very little
beyond a functionality basis for a future
production unit.

The existing coil assembly was constructed
with the transmit coil and the receive coil
separated. Now that the electrical isolation has
been relaxed with the addition of the “sample and
hold” circuit, a concentric coil assembly would be
possible and more economical. Tooling fixtures
will be necessary to insure the required orientation
tolerance. Once the fixtures and processes are
designed the coil assembly would be comparable
to a transformer with a six turn primary and a six
turn secondary winding. Certainly the cost would
be in the less than $10 range.

Costs for the receiver and transmitter
electronics will depend on the availability and/or
development of LSI (large scale integration)
circuits, Comparable circuits in the VHF (very
high frequency) range are currently available for
less than $5.00 each.
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Plans for Implementation

Implementation of a lane control system is going
to require adopting a national and quite possibly
an international standard. It is therefore possibly
prudent and proper to only consider the next step
in proving the viability and applicability of the
resonant loop system with respect to this ultimate
standard. A statement of work for the immediate
future would include the following:

1. Design and fabricate a consolidated
concentric vehicle coil. Test the revised coil
assembly utilizing the existing breadboard
electronics.

2. Define the interface with existing vehicle
automated steering control systems.

3. Conduct an operational simulation analysis to
establish the optimum system configuration.
This simulation will include an analysis of
road coil spacing and road curvature with
respect to the vehicle speed.

4. Design and fabricate three prototype units.
This effort will result in detailed
manufacturing drawings for the prototype
configuration.

5. Install the revised prototype module in a
servo controlled vehicle.

6. Road test the automatically steered vehicle.
The road test will be designed to validate and
verify the results of the simulation analysis.

NOTES

Richard C. Dorf, Electrical Engineering
Handbook, p. 863 -  CRC PRESS, Boca  Raton
Florida,  1993
Samuel Silver, Microwave Antenna Theory and
Design, p.93, Boston Technical Lithographers, Inc.
1963
K. R. Sturley,  Radio Receiver Design, 2nd Edition,
p. 163, John Wiley & Sons Inc., 1953



 
 

 
  

     



INVESTIGATOR PROFILE

a E. WILLIAM BUSH
PRINCIPAL INVESTIGATOR

May 9, 1995

Compuline Inc. La Jolla California

0
Mr. Bush has been responsible for the design, development and manufacturing of commercial
products and systems for many years. The particular accomplishments which furnished the most
applicable background experience for the development of the “Vehicle Lane Control System” are
presented for reference.
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F1978 TO 1983
PRESIDENT, ELECTRON INC.
Electron Inc. designed and manufactured “on-1ine” access control systems for Toll Roads and
Parking. Some of the systems produced were:

Toll Road Collections Systems for:
Ohio Turnpike.
El Salvador.
Manila, Philippines.

Parking systems for:
Phoenix, Arizona Airport
Chicago, Illinois Airport
Century City Underground Parking Complex, Los Angeles.

1972 to 1978

e

PRESIDENT, WESTERN DATA CORP.
Western Data Corp. was a major producer of fare collection equipment  The major fare collection
contracts administer by Western Data Corp. included:

1. The BART (Bay Area Rapid Transit) Fare Collection System
2. The WAMATA (Washington Metropolitan Area Transit Authority) Fare Collection System
3. The Hong Kong Fare Collection System.


