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METHOD AND APPARATUS FOR LANE SENSING
FOR AUTOMATIC VEHICLE STEERING

TECHNICAL FIELD OF THE INVENTION

This invention relates in general to the field of elec-
tronic and optical systems and more particularly to an
improved method and apparatus for lane sensing for
automatic vehicle steering.

BACKGROUND OF THE INVENTION

A variety of systems have been developed to provide
for automatic steering of vehicles. Primarily, these sys-
tems have been designed for use in the factory or office
environment. For example, robot courier and waste
management vehicles may be automatically steered by
embedding conductive material in the floor along the
path on which the vehicle is to travel. These systems are
extremely expensive and very difficult to modify due to
the physical placement of electric conductors in sub-
flooring of a building. The use of optical tracking sys-
tems has not been widely explored. However, similar
automatically-steered vehicles have been developed
that can track a stripe of material placed on the ceiling
above the vehicle. These systems are not suitable for use
in a highway environment due to the placement of the
stripe above the vehicle. Further, there has been little
attention to the problems associated with many vehicles
utilizing the pathway to be tracked. Accordingly, need
has arisen for an automatic vehicle steering system
which is suitable for the highway environment and
which addresses the problems associated with many
vehicles using the automatic pathway.

SUMMARY OF THE INVENTION

In accordance with the teachings of the present in-
vention, a method and apparatus for lane sensing for
automatic vehicle steering is provided that substantially
reduces or eliminates problems associated with prior
systems.

More particularly, a vehicle control system is pro-
vided for controlling a vehicle operable to travel over a
surface.

The system comprises a transmitter on the vehicle
operable to illuminate a first predetermined area of the
surface beneath the vehicle A first receiver on the vehi-
cle receives reflections from a second predetermined
area of the surface beneath the vehicle. A second re-
ceiver on the vehicle receives reflections from a third
predetermined area of the surface beneath the vehicle.
The second and third predetermined areas are disposed
substantially adjacent one another and comprise por-
tions of the first predetermined area. A processor cou-
pled to the first and second receivers is operable to
determine the difference in the amplitudes of the reflec-
tions received by the first and second receivers and
generate a steering control signal responsive to the
difference. A stripe is disposed on the surface and illu-
minated by the transmitter resulting in the difference
when the stripe is not disposed equally in the second
and third predetermined areas.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present inven-
tion may be acquired by referring to the Detailed De-
scription in connection with the accompanying draw-
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2

ings, in which like reference numbers indicate like fea-
tures and wherein:

FIG. 1is a schematic illustration illustrating the oper-
ation of the lane sensing method and apparatus of the
present invention; and

FIG. 2 is a block diagram of an electro-optic system
used in the lane sensing apparatus of the present inven-
tion.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1illustrates an automobile 10 which is travelling
along a road surface 12 Road surface 12 incorporates
conventional lane markers 14 and 16 which are painted
on the road surface 12. Lane markers 14 and 16 com-
prise highly reflective stripes incorporating glass beads
or other reflective medium to provide high visibility
lane indicators in modern highways. Road surface 12
also incorporates a center stripe 18 which may also
comprise the reflective material used to form lane mark-
ers 14 and 16. Center stripe 18 is placed in the center of
the highway lane and is optically tracked by the lane
sensing apparatus of the present invention.

Automobile 10 comprises the lane sensing apparatus
of the present invention indicated generally at 20 in
FIG. 1. Lane sensing system 20 comprises a processor
22 which drives an infrared transmitter 24. Infrared
transmitter 24 shines a beam of infrared light on a sec-
tion of the road surface 12 indicated in FIG. 1. System
20 further comprises a right infrared receiver 26 and a
left infrared receiver 28. Receivers 26 and 28 are capa-
ble of receiving infrared light reflected from particular
sections of roadway surface 12 indicated in FIG. 1. The
sections viewed by right and left receivers 26 and 28
slightly overlap in the center of the section of the road-
way surface 12 illuminated by transmitter 24. In gen-
eral, the processor 22 will receive two electrical signals,
one from each of right and left receivers 26 and 28.
These signals will differ in magnitude depending on the
position of center stripe 18 within the area viewed by
right and left receivers 26 and 28. By dynamically ad-
justing the direction of the vehicle 10, the system 20 will
cause the signals received from right and left receivers
26 and 28 to equate. When the signals are the same, the
center stripe 18 is centered beneath the automobile 10
and the automobile 10 can dynamically track the center
stripe 18 and thus remain in the center of the lane as it
travels.

Processor 22 also transmits control signals to a power
steering control 30 and a speed control 32. Power steer-
ing control 30 may comprise conventional electronic
and hydraulic systems common in modern power steer-
ing systems. Additionally, power steering control may
comprise a parallel system of automatic steering control
which can be controlled by processor 22 as will be
discussed herein.

Speed control 32 may comprise conventional speed
control systems common in modern automobiles As
will be discussed herein, coded data may be included
and incorporated into center stripe 18. By reading this
coded data, the processor 22 can display information
coded in the center strip 18 to the driver of the vehicle
using a display system 34. In addition, the speed of the
vehicle can be ascertained due to regular intervals used
in the code incorporated in center stripe 18. This speed
data can be used to keep the vehicle speed constant
using speed control 32. If all automobiles travelling in
the lane comprise a lane sensing apparatus 20, the lane



5,318,143

3

incorporating center stripe 18 may use a very high

posted required speed. All vehicles travelling in the lane

incorporating center stripe 18 would read the same data
and therefore could travel at identical speeds. Because
of the automated nature of the system 20, vehicles could
travel at very high speeds positioned very close to-
gether during travel. Accordingly, the system and
method of the present invention could dramatically
increase the flow rate of modern highways and thereby
decrease traffic congestion and travel time. '
Center stripe 18 may incorporate a conventional
three of nine code which is commonly used in bar code

systems. For example, the center stripe could be painted

in four inch intervals. The three of nine code, as is com-
mon in most optical coding systems, enjoys the advan-
tage that its average rate of low to high transitions is a
constant. In the three of nine code, the forty most com-

10

15

monly used characters are encoded using fourteen

blocks. All forty characters comprise seven white
blocks and seven black blocks. Accordingly, the black-
to-white ratio for all the characters is constant. The
processor 22 can thus count the low-to-high transitions

20

for a proportional indication of the speed of the vehicle.

The data which may be coded into center stripe 18
can be used for a variety of reasons. Location codes can
be encrypted into the center stripe 18 and then input
into a mapping system incorporated in display system
34, In this manner, a mapping system may ascertain the
exact location of the vehicle 10. This method is greatly
superior to the satellite global positioning systems cur-
rently used in automatic mapping technology. The sys-
tem of the present invention can furnish a mapping
system with an exact direction and lane position which
is much more useful than the longitude and latitude
supplied by global positioning systems.

The data encrypted in center stripe 18 can also be
used to dynamically control the speed of a vehicle.
Control characters may be encrypted in the center
stripe 18 to automatically instruct a vehicle to slow
down at dangerous curves in a roadway, for example.
Once again, as all cars on the roadway receive exactly
the same information from the center stripe 18, all the
vehicles will slow and accelerate at the same rate and
time. Accordingly, vehicles may still travel closely
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positioned together at very high speeds Indications of 45

. the hazardous road conditions or any other information
which is currently displayed in road signs may be en-
crypted into the center stripe 18 and used in parallel to
actively control the vehicle and display the required
information to the driver of the vehicle 10 on display 34.
Display 34 may comprise, for example, a conventional
CRT screen, LCD screen, or other conventional visual
display. Alternatively, data from processor 22 may be
used to drive automated speech technology to provide
audible information to the driver of vehicle 10.

FIG. 2 is a detailed schematic illustration of the elec-
tro-optical portion of system 20. Referring to FIG. 2,
transmitter 24 is shown to comprise an oscillator and
LED driver 36 which is used to drive an infrared LED
38 which emits infrared light through a lens 40. Lens 40
columnates the light so that it illuminates a predefined
area on the roadway surface 12 as described previously.

" Oscillator and LED driver 36 may comprise, for exam-

ple, a 455 kHz oscillator and conventional driver cir-

cuitry. A portion of the RF frequency infrared signal is
reflected from the surface of the roadway 12 and into
the left receiver 28 shown in FIG. 2. Left receiver 28 is
shown to comprise a lens 42 which focuses the reflected
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infrared light onto a photo diode 44 that converts the
received light into an electronic signal. The lens 42 may
comprise an inexpensive Fernel lens as its sole purpose
is gathering of the reflected light because image quality
is not a concern in the present system. The electronic
signal is transmitted from photo diode 44 intoc a band-
pass amplifier 46 which operates to filter noise from the
received signal and pass only the RF frequency trans-
mitted from the transmitter 24. The filtered signal is
input into a detector and low pass filter 48. Detector
and filter 48 operates to filter out the RF frequency
components of the received signal to leave only a signal
representing the envelope of the received signal. The
amplitude of the signal transmitted from detector and
low pass filter 48 includes two pieces of information.
The low frequency transitions in the signal result from
the information encrypted into the center stripe 18
using the three of nine code discussed previously. The
amplitude of the signal indicates the amount of light
being received by receiver 28. This amplitude may be
compared to the amplitude of the signal similarly re-
ceived by receiver 26 in a differential fashion to deter-
mine the positioning of center stripe 18 with respect to
left and right receivers 26 and 28.

In order to retrieve the coded data, the signal from
detector and low pass filter 48 is transmitted to a sum-
ming amplifier 50. Summing amplifier 50 receives sig-
nals from the right and left receivers 26 and 28 and
outputs the sum to a comparator 52 that compares the
received signal to a programmable threshold value and
outputs a clean digital square wave signal that contains
the coded information.

Right receiver 26 is identical to left receiver 28 and
comprises a similar lens 54 and a photo diode 56 which
are identical to lens 42 and photo diode 44 discussed
previously. Photo diode 56 outputs an electric signal to
a bandpass amplifier 58 which is identical to bandpass
amplifier 46 discussed previously. Signals are transmit-
ted from amplifier 58 to detector and low pass filter 60
which is identical to a detector and low pass filter 48
described previously. The signal from detector and low
pass filter 60 is also routed to summing amplifier 50 so
that the coded information can be extracted from any
signals received from the right receiver 26. The signals
from the right receiver 26 and left receiver 28 are
summed prior to extracting the bar coded information
such that no matter where the center stripe 18 is posi-
tioned relative to the right and left receivers 26 and 28,
the coded information can be extracted.

The signal from detector and low pass filter 48 is also
routed through a buffer and low pass filter 62. Buffer
and low pass filter 62 operates to pass only the DC
component of the signal received from detector and low
pass filter 48. As a result, buffer and low pass filter 62
outputs a slowly varying DC signal which is related to
the amount of light received by receiver 28. Similarly,
the signal from detector and low pass filter 60 is routed
to an identical buffer and low pass filter 64 which gener-
ates a slowly varying DC signal which is related to the
amount of light received by receiver 26. The slowly
varying DC signal from buffer and low pass filter 64
and the slowly varying DC signal from buffer and low
pass filter 62 are both input into a summing amplifier 66
that combines the two signals and outputs a combined
signal that is input into a high gain DC amplifier 68. The
high gain DC amplifier 68 outputs an automatic trans-
mitter attenuation control signal [ATAC signal] into
oscillator and LED driver 36. This signal is used to
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control the amount of light which is transmitted from
transmitter 24. The greater the ATAC signal, the less
light is transmitted from transmitter 24. Accordingly, a
feedback loop is closed using the optical path from the
transmitter 24 through the receivers 26 and 28 resulting
in a constant sum of the signals received. Accordingly,
regardless of the degree of reflectivity of center stripe
18 or the contrast between center stripe 18 and the
remainder of the road surface 12, the signal output from
summing amplifier 66 will remain substantially con-
stant. The high gain DC amplifier 68 operates as a com-
parator. When the sum of the received light signals
output from the summing amplifier 66 is below a prede-
termined level set by the other input to amplifier 68, the
output of amplifier 68 is a minimum value near zero
volts. In this state, the LED transmits the maximum
amount of light possible. This state is not normal and
will only occur with some malfunction, very dirty
lenses, or very poor reflectivity from the painted stripe
18. Since the DC amplifier has very high gain, say
100,000, when the sum of the received light signals
output from the summing amplifier 66 tries to go above
the predetermined level, the output of DC amplifier 68
rises to whatever value is necessary to attenuate the
amplitude of the light transmitted by the LED so that
the sum of the received light signals is held essentially
constant.

Because the signal output by high gain DC amplifier
68 is a direct measure of the optical coupling between
the LED and the receivers, photodiodes, it can be com-
pared to preset values to determine whether or not the
vehicle is tracking the center stripe 18 and whether or
not the system is functioning properly. In order to ac-
complish these functions, the signal from amplifier 68 is
routed to a comparator 70 and a comparator 73. Com-
parator 70 compares the value of the signal received
from amplifier 68 to a programmable value to determine
whether or not sufficient reflected signal is being re-
ceived by the receivers 26 and 28. The output of com-
parator 70 may be used as a system fault indicator indi-
cating that the lenses on the transmitter or receiver are
dirty or some other fault exists with the system. Simi-
larly, comparator 73 compares the signal received from
amplifier 68 to a higher programmable value to indicate
that the lane sensing apparatus 20 has locked onto the
center stripe 18. The comparator 73 may output a signal
which may be used to drive an indicator light or other
indicia visible or apparent to the driver of vehicle 10.
According to alternate embodiments of the present
invention, the lock enable signal may be used directly or
may be ANDed with other enable signals and used as an
enable signal for the automatic power steering control
30.

The signals from buffer and low pass filter 62 and
buffer and low pass filter 64 are also output to a differ-
ential amplifier 71 which compares the two signals and
outputs an analog signal which is a measure of the dif-
ference between the light received from the right re-
ceiver 26 and the left receiver 28. This analog signal can
be used directly or indirectly to responsively drive the
automatic steering servo until the values received from
the right and left receivers 26 and 28 are equated, indi-
cating that the center stripe 18 is centered beneath the
vehicle 10.

According to one embodiment of the present inven-
tion, the signal output by differential amplifier 7 is used
to drive a parallel system for actuating the power steer-
ing of vehicle 10. Conventional power steering systems
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operate to port hydraulic fluid into alternate sides of a
ram which is used to mechanically steer the vehicle.
The signal from differential amplifier 71 may be used to
drive parallel ports into opposite sides of the ram. These
parallel ports could be small compared to the primary
ports actuated by the driver of the vehicle due to the
fact that the deflections necessary for maintaining the
vehicle in the center of the lane will be small compared
to the deflections necessary for ordinary driving of the
vehicle. In this manner, the driver of vehicle 10 may
choose to steer the vehicle at any time and mechanically
override the automatic steering system of the present
invention.

Processor 22 may receive input from a variety of
sources to drive the power steering of the vehicle. The .
lane sensing apparatus of the present invention could be
used in parallel with conventional accelerometers to
provide damping for the overall steering of the vehicle
10. For example, an accelerometer could be used to
provide a counteracting steering reaction to a gust in a
crosswind. Conventional accelerometers can react
much more quickly than the human driver of the vehi-
cle 10. The processor 22 may operate the power steer-
ing control 30 in response to parallel signals from such
accelerometers and the lane sensing apparatus described
previously.

Referring again to FIG. 2, the coded data is also
output from comparator 52 to a counter 72 that operates
to count the transitions in the coded signal. As discussed
previously, if a conventional three of nine code is used,
the average of the transitions in the signal over time will
remain constant. Therefore, the measure of the number
of transitions per unit time is directly proportional to
the speed of the vehicle. The output of counter 72 may
thus be used as a feedback signal to a speed control unit
32 to maintain a constant vehicle speed. As discussed
previously, the processor 22 outputs both the vehicle
speed indication data and the desired speed of the vehi-
cle to the speed control 32. The processor 22 may re-
ceive the desired speed from the driver of vehicle 10 or,
in the alternative, the desired speed of the vehicle may
be encrypted into the data of center stripe 18. The speed
data encrypted in center stripe 18 may call for a con-
stant velocity or call for changes in velocity to account
for road conditions.

A important technical advantage of the present in-
vention inheres in the fact that the optical sensing capa-
bility of the lane sensing apparatus can be used for not
only conventional travel, but also for road maintenance.
The initial painting of center stripe 18 on a highway is a
relatively simple matter. The painting apparatus may
travel down the center of the lane while the encryption

. of the information into the center stripe can be handled
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by digitally controlling the spray mechanism in the
painting apparatus. The repainting of a roadway pres-
ents a slightly more difficult problem, which is also
solved by the teachings of the present invention. The
lateral positioning and the intervals within the stripe to
be repainted may both be sensed by the system of the
present invention. The data from the comparator 52
may be used directly or indirectly to actuate the paint-
ing mechanism to accurately repaint the same transi-
tions and lateral position of the stripe 18.

Although the present invention has been described in
detail, it should be understood that various changes,
alterations and substitutions can be made to the system
described herein without departing from the spirit and












