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AUTOMATIC DIRECTIONAL CONTROL
SYSTEM FOR VEHICLE HEADLIGHTS

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of United States Provisional Application
Nos. 60/335,409, filed October 31, 2001; 60/356,703, filed February 13, 2002; and
60/369,447, filed April 2, 2002, the disclosures of which are incorporated herein by

reference.

BACKGROUND OF THE INVENTION

This invention relates in general to headlights that are provided on vehicles for -
illuminating dark road surfaces or other areas in the path of movement. In particular,
this invention relates to an automatic directional control system for such vehicle
hcadlights.

Virtually all land vehicles, and many other types of vehicles (such as boats and
airplanes, for example), are provided with one or more headlights that are adapted to
illuminate a portion of a dark road surface or other area in the path of movement of the
vehicle to facilitate safe travel thereon. Typically, each headlight is mounted on or
near the front end of the vchicle and is oriented in such a manner that a beam of light
is projected forwardly therefrom. The angle at which the beam of light projects from
the headlight can, for example, be characterized in a variety of ways, including (1) up
and down relative to a horizontal reference position or plane and (2) left and right
relative to a vertical reference position or plane. Such directional aiming angles are
usually set at the time of assembly of the headlight into the vehicle so as to illuminate
a predetermined portion of the road surface or other area in the path of movement of
the vehicle.

In the past, these headlights have been mounted on the vehicle in fixed

positions relative thereto such that the beams of light are projected therefrom at
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predetermined directional aiming angles relative to the vehicle. Although such fixed
aiming angle headlight systems have and continue to function adequately, they cannot
alter the directional aiming angles of the headlights to account for changes in the
operating conditions of the vehicle. For example, il the speed of the vehicle is
increased, it would be desirable to adjust the aiming angle of the headlights upwardly
such that an area that is somewhat farther in front of the vehicle is more brightly
illuminated. On the other hand, if the speed of the vchicle is decreased, it would be
desirable to adjust the aiming angle of the headlights downwardly such that an area
that is somewhat closer in front of the vehicle is more brightly illuminated. Similarly,
if the vehicle turns a corner, it would be desirable to adjust the aiming angle of the
headlights either toward the left or toward the right (depending on the direction of the
turn) such that an area that is somewhat lateral to the front of the vehicle is more
brightly illuminated. 7 7

To accomplish this, it is known to provide a directional control systcm for
vehicle headlights that is capable of automatically altering the directional aiming
angles of the headlights to account for changes in the operating conditions of the
vehicle. A variety of such automatic directional control systems for vehicle headlights
are known in the art. However, such known automatic headlight directional control
systems have been found to be deficient for various reasons. Thus, it would be
dcsirable to provide an improved structure for an automatic headlight directional

control system that addresses such deficiencies.

SUMMARY OF THE INVENTION
This invention relates to an improved structure and method for operating a
directional control system for vehicle headlights that is capable of automatically
altering the directional aiming angles of the headlights to account for changes in the
operating conditions of the vehicle. One or more operating condition sensors may be
provided that generate signals that are representative of an operating condition of the
vehicle, such as road speed, steering angle, pitch, suspension height, rate of change of

road speed, rate of change of steering angle, rate of change of pitch, and rate of change
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of suspension height of the vehicle. A controller is responsive to the sensor signal for
generating an output signal. An actuator is adapted to be connected to the headlight to
effect movement thereof in accordance with the output signal. The controller can
include a table that relates values of sensed operating condition to values of the output
signal. The controller is responsive to the sensor signal for looking up the output
signal in the table. |

Various objects and advantages of this invention will bccome apparent to those
skilled in the art from the following detailed description of the preferred embodiments,

when read in light of the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of an automatic directional control system for a
vehicle headlight in accordance with this invention.

Fig. 2 is a flow chart of an algorithm for calibrating thc automatic directional
control system illustrated in Fig. 1 so as to define an initial reference position for the
headlight from which the headlight directional controller can implement directional
angle adjustments.

Fig. 3 is a flow chart of an algorithm for generating a table that relates one or
more sensed vehicle operating condition values to one or more headlight directional
angle adjustment factors and for storing such table in the headlight directional
controller illustrated in I'ig. 1.

Fig. 4 is an example of a table that can be generated and stored in the headlight
directional controller in accordance with the table generating algorithm illustrated in
Fig. 3.

Fig. 5 is a flow chart of an algorithm for operating the headlight directional
controller illustrated in Fig. 1 to automatically implement directional angle
adjustments in accordance with sensed condition values.

Fig. 6 is a flow chart of an algorithm for operating the headlight directional

controller illustrated in Fig. 1 to automatically implement directional angle
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adjustments in accordance with the rate of change of one or more of the sensed
condition values.

Fig. 7 is a flow chart of an algorithm for operating the headlight directional
controller illustrated in Fig. 1 to automatically implement directional angle
adjustments, but only when the rate of change of one or more of the sensed condition

values is less than (or greater than) a predetermined value.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings, there is illustrated in Fig. 1 an automatic
directional control system, indicated generally at 10, for a vehicle headlight 11 in
accordance with this invention. The illustrated headlight 11 is, of itself, conventional
in the art and is intended to be representative of any device that can be supf)orted on
any type of vehicle for the purpose of illuminating any area, such as an area in the path
of movement of the vehicle. The headlight 11 is typically mounted on or near the
front end of a vehicle (not shown) and is oriented in such a manner that a beam of
light is projected therefrom. In a manner that is well known in the art, the headlight 11
is adapted to illuminate a portion of a dark road surface or other area in the path of
movement of the vehicle to facilitate safe travel thereon.

The headlight 11 is adjustably mounted on the vehicle such that the directional
orientation at which the beam of light projects therefrom can be adjusted relative to the
vehicle. Any desired mounting structure can be provided to accomplish this.
Typically, the headlight 11 is mounted on the vehicle such that the angle at which the
beam of light projects therefrom can be adjusted both (1) up and down relative to a
horizontal reference position or plane and (2) left and right relative to a vertical
reference position or plane. Although this invention will be described and illustrated
in the context of a headlight that is adjustable in both the up/down direction and the
left/right direction, it will be appreciated that this invention may be practiced with any
headlight 11 that is adjustable in any single direction or multiple directions of

movement, whether up/down, left/right, or any other direction.
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To effect movement of the illustrated headlight 11 relative to the vehicle, an
up/down actuator 12 and a left/right actuator 13 are provided. The actuators 12 and 13
are: conventional in the art and may, for example, be embodied as servo motors, step
motors, or any other electronically controlled mechanical actuators. It has been found
to be desirable to use microstepping motors for the actuators 12 and 13. Such
microstepping motors are known in the art and consist of conventional step motors
that have appropriate hardwarc (i.c., driver integrated circuits) and software that allow
the step motors to be operated in fractional step increments. The use of such
microstepping motors has been found to be desirable because they can effect
movements of the headlights in a somewhat faster, smoother, and quieter manner than
conventional step motors, and further permit more precise positioning of the
headlights 11. In the illustrated embodiment, the up/down actuator 12 is mechanically
connected to the headlight 11 such that the headlight 11 can be selectively adjusted up
and down relative to a horizontal refcrence position or plane. Similarly, the illustrated
left/right actuator 13 is mechanically connected to the headlight 11 such that the
headlight 11 can be selectively adjusted left and right relative to a vertical reference
position or plane.

A headlight directional controller 14 is provided for controlling the operations
of the up/down actuator 12 and the left/right actuator 13 and, therefore, the angle at
which the beam of light projects from the headlight 11 relative to the vehicle. The
headlight dircctional controller 14 can be embodied as any control system, such as a
microprocessor or programmable electronic controller, that is responsive to one or
more sensed operating conditions of the vehicle for selectively operating the up/down
actuator 12 and the left/right actuator 13. To accomplish this, the automatic
directional control system 10 can include, for example, a pair of condition sensors 15
and 16 that are connected to the headlight directional controller 14. The condition
sensors 15 and 16 are conventional in the art and are responsive to respective sensed
operating conditions of the vehicle for generating electrical signals to the headlight
directional controller 14. However, if desired, only a single one of the condition

sensors 15 and 16 need be provided. Alternatively, additional condition sensors (not
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