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AUTOMATIC DIRECTIONAL CONTROL 
SYSTEM EOR VEHICLE HEADLIGHTS 

SUMMARY OF THE INVENTION 

This invention relates to an improved structure and 
method for operating a directional control system for vehicle 

5 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 

the disclosures of which are incorporated herein by refer- 10 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 of suspension height of the vehicle. A controller 
is responsive to the sensor signal for generating an output 

This invention relates in general to headlights that are 15 signal. An actuator is adapted to be connected to the head
light 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 

Virtually all land vehicles, and many other types of 20 looking up the output signal in the table, 
vehicles (such as boats and airplanes, for example), are Various objects and advantages of this invention will 
provided with one or more headlights that are adapted to become apparent to those skilled in the art from the follow-
illuminate a portion of a dark road surface or other area in ing detailed description of the preferred embodiments, when 
the path of movement of the vehicle to facilitate safe travel read in light of the accompanying drawings, 
thereon. Typically, each headlight is mounted on or near the 25 
front end of the vehicle and is oriented in such a manner that 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of U.S. Provisional 
Application Nos. 60/335,409, filed Oct. 31, 2001; 60/356, 
703, filed Feb. 13, 2002; and 60/369,447, filed Apr. 2, 2002, 

ence. 

BACKGROUND OF THE INVENTION 

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 headlights. 

BRIEF DESCRIPTION OF' THE DRAWINGS 
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 30 this invention, 
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. 35 ment directional angle adjustments. 

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 predetermined directional 
aiming angles relative to the vehicle. Although such fixed 
aiming angle headlight systems have and continue to func- 40 directional controller illustrated in FIG. 1. 
tion adequately, they cannot alter the directional aiming 
angles of the headlights to account for changes in the 
operating conditions of the vehicle. For example, if the 
speed of the vehicle is increased, it would be desirable to 
adjust the aiming angle of the headlights upwardly such that 45 headlight directional controller illustrated in FIG. 1 to auto-
an area that is somewhat farther in front of the vehicle is 
more brightly illuminated. On the other hand, if the speed of 
the vehicle 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 50 matically implement directional angle adjustments in 

dance with the rate of change of one or more of the sensed 
condition values. 

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

FIG. 2 is a flow chart of an algorithm for calibrating the 
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 imple-

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 

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 

matically implement directional angle adjustments in accor
dance with sensed condition values. 

FIG. 6 is a flow chart of an algorithm for operating the 
headlight directional controller illustrated in FIG. 1 to auto-

accor-
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 (depend
ing on the direction of the turn) such that an area that is 
somewhat lateral to the front of the vehicle is more brightly 55 matically 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 predeter
mined value. 

FIG. 7 is a flow chart of an algorithm for operating the 
headlight directional controller illustrated in FIG. 1 to auto-

illuminated. 
To accomplish this, it is known to provide 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 60 
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 con
trol systems have been found to be deficient for various 
reasons. 
structure for an automatic headlight directional control sys
tem that addresses such deficiencies. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring now to the drawings, there is illustrated in FIG. 
1 an automatic directional control system, indicated gener-

Thus, it would be desirable to provide an improved 65 ally at 10, for a vehicle headlight 11 in accordance with this 
invention. The illustrated headlight 11 is, of itself, conven
tional in the art and is intended to be representative of any 

10
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device that can be supported 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 
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 10 

such that the directional orientation at which the beam of 

desired to generate electrical signals that are representative 
of any other operating conditions of the vehicle. A conven
tional input/output device 17 is connected to (or can be 
connected to) the headlight directional controller 14 for 

beam of light is 5 facilitating communication therewith in the manner 
described below. 

If desired, a first position feedback sensor 18 may be 
provided for the up/down actuator 12, and a second position 
feedback sensor 19 may be provided for the left/right 
actuator 13. The position feedback sensors 18 and 19 are 
conventional in the art and are adapted to generate respec
tive electrical signals that are representative of the actual 
up/down and left/right positions of the headlight 11. Thus, 

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 is the first position feedback sensor 18 is responsive to the 

actual up/down position of the headlight 11 (as determined 
by a portion of the up/down actuator 12, for example) for 
generating an electrical signal to the headlight directional 
controller 14 that is representative thereof. Similarly, the 

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 illus
trated in the context of a headlight that is adjustable in both 20 second position feedback sensor 19 is responsive to the 

actual left/right position of the headlight 11 (as determined 
by a portion of the left/right actuator 13, for example) for 
generating an electrical signal to the headlight directional 
controller 14 that is representative thereof. The position 

25 feedback sensors 18 and 19 can be embodied as any con
ventional sensor structures, such as Hall effect sensors, that 
are responsive to movements of the headlight 11 (or to the 
movements of the respective actuators 12 and 13 that are 
connected to move the headlight 11) for generating such 

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. 

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 30 signals, 
controlled mechanical actuators. It has been found to be Alternatively, the position feedback sensors 18 and 19 can 

be embodied as respective devices that generate electrical 
signals whenever the headlight 11 has achieved respective 
predetermined up/down or left/right positions. This can 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 
hardware (i.e., driver integrated circuits) and software that 35 accomplished, for example, using a conventional optical 
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 40 further includes an optical source and sensor assembly. As 
more precise positioning of the headlights 11. In the illus
trated 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 
reference position or plane. Similarly, the illustrated left/ 45 a second position, wherein the flag prevents light emitted 
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 50 the optical source and sensor assembly to the headlight 
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 directional controller 14 can be 
embodied as any control system, such as a microprocessor 
or programmable electronic controller, that is responsive to 55 from the optical source and sensor assembly to the headlight 
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 direc
tional control system 10 can include, for example, a pair of 
condition sensors 15 and 16 that are connected to the 60 position of the headlight 11. The nature of the signal 
headlight directional controller 14. The condition sensors 15 generated from the optical source and sensor assembly to the 
and 16 are conventional in the art and are responsive to headlight directional controller 14 (i.e., the first signal or the 
respective sensed operating conditions of the vehicle for second signal) can also be used to determine on which side 
generating electrical signals to the headlight directional of the predetermined position (the left side or the right side, 
controller 14. However, if desired, only a single one of the 65 for example) that the headlight 11 is positioned. The purp 
condition sensors 15 and 16 need be provided. Alternatively, for such position feedback sensors 18 and 19 will be 
additional condition sensors (not shown) may be provided if discussed below. 

interrupter (not shown) for each of the actuators 12 and 13. 
Each of the optical interrupters includes a flag or other 
component that is mounted on or connected to the headlight 
11 for movement therewith. Bach of the optical interrupters 

the headlight 11 is moved by the actuators 12 and 13, the flag 
moves therewith relative to the optical source and sensor 
assembly between a first position, wherein the flag permits 
light emitted from the source from reaching the sensor, and 

from the source from reaching the sensor. When the flag is 
in the first position relative to the optical source and sensor 
assembly, the sensor is permitted to receive light emitted 
from the source. As a result, a first signal is generated from 

directional controller 14. Conversely, when the flag is in the 
second position relative to the optical source and sensor 
assembly, the sensor is not permitted to receive light emitted 
from the source. As a result, a second signal is generated 

directional controller 14. Thus, the edge of the flag defines 
a transition between the first and second positions of the flag 
relative to the optical source and sensor assembly and, 
therefore, defines a predetermined up/down or left/right 

ose 
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FIG. 2 is a flow chart of an algorithm, indicated generally 
at 20, for calibrating the automatic directional control sys
tem illustrated in FIG. 1 so as to define an initial reference 
position or positions for the headlight 11 from which the 
headlight directional controller 14 can implement direc- 5 representative thereof. Similarly, the second position feed-
tional angle adjustments. As mentioned above, the headlight 
11 is mounted on the vehicle such that the angle at which the 
beam of light projects therefrom can be adjusted both up and 
down relative to a horizontal reference position or plane and 
left and right relative to a vertical reference position or 10 thereof. Accordingly, the third step 23 of the calibration 
plane. To insure accurate positioning of the headlight 11, it 
is desirable that a reference position or positions be initially 
established by the headlight directional controller 14. Sub
sequent directional angle adjustments can be made by the 
headlight directional controller 14 from the pre-established 15 reference positions from which the headlight directional 
reference position or positions established by this calibration 
algorithm 20. 

To accomplish this, the calibration algorithm 20 has a first 
step 21 wherein the headlight directional controller 14 is 
caused to enter a calibration mode of operation. In the 20 tional controller 14 for reference during normal operation of 
calibration mode of operation, the headlight directional 
controller 14 is responsive to input signals from the input/ 
output device 17 (or from another source, if desired) for 
causing manual operation of the up/down actuator 12 and 
the left/right actuator 13. Thus, while the headlight direc- 25 controller 14 can position the headlight 11 at or near the 
tional controller 14 is in the calibration mode of operation, 
an operator of the input/output device 17 can manually effect 
either up/down movement of the headlight 11, left/right 
movement of the headlight 11, or both, as desired. 

In a second step 22 of the calibration algorithm 20, the 30 the calibration algorithm 20, 
up/down actuator 12 and the left/right actuator 13 are 
manually operated to aim the headlight 11 in a predeter
mined reference orientation. This can be accomplished by 
use of the input/output device 17 that, as mentioned above, 
is connected to (or can be connected to) the headlight 35 mented by the headlight directional controller 14, and fur-
directional controller 14. Traditionally, the aiming of a 
headlight 11 has been accomplished by parking the vehicle 
on a surface near a wall or other vertical structure, providing 
a reference target at a predetermined location on the wall or 
other structure, and mechanically adjusting the mounting 40 condition values to one or more of the headlight directional 
stmcture of the headlight 11 such that the center of the beiuu 
therefrom is projected at the reference target. In this inven
tion, the vehicle is parked on a surface near a wall or other 
vertical structure, and a reference target is provided at a 
predetermined location on the wall or other structure, as 45 which will be discussed in detail below, 
described above. Next, in accordance with the second step 
22 of tliis calibration algorithm 20, the input/output device 
17 is operated to generate electrical signals to the headlight 
directional controller 14. In response to such electrical 
signals, the headlight directional controller 14 operates the 50 the vehicle to one or more angular orientations of the 
up/down actuator 12 and the left/right actuator 13 to move 
the headlight 11 such that center of the beam projecting 
therefrom is aimed at the reference target. When the beam 
from the headlight 11 is so aimed, then the headlight 11 is 
determined to be oriented in the initial reference position 55 relationship that can be readily processed using a micropro-
from which the headlight directional controller 14 can 
subsequently implement directional angle adjustments. 

In a third step 23 of the calibration algorithm 20, once this 
initial reference position for the headlight 11 has been 
achieved, such position is stored in the headlight directional 60 a variety of factors, including relative size and performance 
controller 14 as the predetermined initial reference position. 
This can be accomplished by means of the position feedback 
sensors 18 and 19. As discussed above, the position feed
back sensors 18 and 19 are adapted to generate respective 
electrical signals that are representative of the actual 65 with the adjustment control mechanism. For example, the 
up/down and left/right positions of the headlight 11 or of the 
predetermined positions for the headlight. Thus, the first 

position feedback sensor 18 is responsive to the actual 
up/down position of the headlight 11 (as determined by the 
up/down actuator 12, for example) for generating an elec
trical signal to the headlight directional controller 14 that is 

back sensor 19 is responsive to the actual left/right position 
of the headlight 11 (as determined by the left/right actuator 
13, for example) for generating an electrical signal to the 
headlight directional controller 14 that is representative 

algorithm 20 can be performed by causing the headlight 
directional controller 14 to read the signals from the position 
feedback sensors 18 and 19 and store the current up/down 
and left/right positions of the headlight 11 as the initial 

controller 14 can subsequently implement directional angle 
adjustments. 

The current position of the headlight 11 is preferably 
stored in the non-volatile memory of the headlight direc-

the automatic directional control system 10 described below. 
Thus, when the automatic directional control system 10 is 
initially activated (such as when the electrical system of the 
vehicle is initially turned on), the headlight directional 

calibrated position utilizing the signals comparing the cur
rent position of the headlight 11 (as determined by the 
signals generated by the position feedback sensors 18 and 
19) with the predetermined reference position determined by 

FIG. 3 is a flow chart of an algorithm, indicated generally 
at 30, for generating a table that relates the sensed condition 
values from the condition sensors 15 and 16 to the headlight 
directional angle adjustment factors that will be imple-

ther for storing such table in the headlight directional 
controller 14 illustrated in FIG. 1. As used herein, the term 
"table" is intended to be representative of any collection or 
association of data that relates one or more of the sensed 

angle adjustment factors. The table of data can be generated, 
stored, and expressed in any desired format. For example, 
this table of data can be generated, stored, and expressed in 
a conventional spreadsheet format, such as shown in FIG. 4, 

In a first step 31 of the table generating algorithm 30, an 
adjustment control algorithm is selected. The adjustment 
control algorithm can be, generally speaking, any desired 
relationship that relates one or more operating conditions of 

headlight 11. A variety of such relationships are known in 
the art, and this invention is not intended to be limited to any 
particular relationship. Typically, such relationships will be 
expressed in terms of a mathematical equation or similar 

cessor or similar electronic computing apparatus, such as the 
above-described headlight directional controller 14. The 
particular adjustment control algorithm that is selected may, 
if desired, vary from vehicle to vehicle in accordance with 

characteristics of the vehicle or any other desired condition. 
As mentioned above, a plurality of operating conditions 

may be sensed by the condition sensors 15 and 16 and 
provided to the headlight directional controller 14 for use 

condition sensors 15 and 16 may generate electrical signals 
to the headlight directional controller 14 that are represen-
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tative of the road speed, the steering angle, and the pitch of sensed operating condition values for determining the cor-
the vehicle (which can, for example, be determined by responding adjustment control values. Alternatively, as will 
sensing the front and rear suspension heights of the vehicle be discussed further below, a plurality of tables 40 can be 
or by a pitch or level sensor). Additionally, the time deriva- generated, one for each of the plurality of sensed operating 
tive of these operating conditions (i.e., the rate of change of 5 condition values. The size and extent of the table 40 or tables 
the road speed, steering angle, and pitch of the vehicle) can 
be sensed or calculated. However, any other operating 
condition or conditions of the vehicle may be sensed and 
provided to the headlight directional controller 14. 

In a second step 32 of the table generating algorithm 30, 10 step 32 is stored in the memory of the headlight directional 
the table is generated using the adjustment control algorithm controller 14 illustrated in FIG. 1. The contents of the table 
selected in the first step 31. The table can be generated in any 40 can be communicated serially to the headlight directional 
desired manner. For example, let it be assumed that the controller 14 by means of the input/output device 17 illus-
selected adjustment control algorithm relates a single sensed trated in FIG. 1 or in any other desired manner. Regardless 
operating condition to each of the angular adjustment con- 15 of how it is communicated, the table 40 is preferably stored 
trol values for adjusting both the up/down orientation and 
the left/right orientation of the headlight 11. The table can be 
generated by initially selecting a first discrete sensed oper
ating condition value that might be encountered during 
operation of the vehicle. Then, the selected adjustment 20 algorithm that is selected for use in implementing the 
control algorithm is solved using such first discrete sensed headlight directional angle adjustment factors. The genera-
operating condition value to obtain the corresponding tion of the table 40 and the storage of such table 40 in the 
adjustment control values for the up/down and left/right memory of the headlight directional controller 14 allow a 
orientation ofthe headlight 11. Then, the first discrete sensed designer of the automatic directional control system 10 to 
operating condition value and the corresponding adjustment 25 quickly and easily alter the response characteristics of the 
control values are stored in the table. This process can be 
repeated for any desired number of other discrete sensed 
operating condition values that might be encountered during 
operation of the vehicle. 

As mentioned above, FIG, 4 is a representative example 30 data points that are contained within the table 40. As will be 
of a table, indicated generally at 40, that can be generated in described in detail below, the headlight directional controller 
accordance with the second step 32 of the table generating 14 will use whatever data points that are contained within 
algorithm 30 illustrated in FIG. 3. As shown therein, a series the table 40 in determining the need for adjustments in the 
of discrete sensed operating condition values (degrees of angular orientation of the headlight 11. This structure also 
steering angles, for example) is related to the angular 35 reduces the amount of processing power that is necessary for 
adjustment control values (degrees of movement from the the headlight directional controller 14 because it can operate 
associated up/down and left/right reference positions or onarelatively simple look-up basis using the table 40, rather 
planes, for example) for adjusting both the up/down orien- than having to calculate relatively high order equations that 
tation and the left/right orientation of the headlight 11. For may be used to determine the data points contained within 
the purposes of illustration only, let it be assumed that (1) a 40 the table 40. 
positive steering angle value represents steering toward left, 
while a negative steering angle value represents steering 
toward the right, (2) a positive up/down adjustment factor 
represents aiming the headlight 11 upwardly, while a nega
tive up/down adjustment factor represents aiming the head- 45 sensed condition values from the condition sensors 15 and 
light 11 downwardly, and (3) a positive left/right adjustment 16. In a first step 51 ofthe operating algorithm 50, the values 
factor represents aiming the headlight 11 toward the left, of one or more of the condition sensors 15 and 16 are read 
while a negative left/right adjustment factor represents aim
ing the headlight 11 toward the right. 

can be varied to accommodate any desired number of such 
sensed operating conditions. 

Referring back to FIG. 3, in a third step 33 of the table 
generating algorithm 30, the table 40 generated in the second 

in a non-volatile memory of the headlight directional con
troller 14 for subsequent use in the manner described further 
below when the vehicle is operated. 

As mentioned above, it may be desirable to vary the 

system 10 as desired, without the need for direct access to 
the computer code or software that is used to operate the 
headlight directional controller 14. Rather, to effect such 
alterations, a designer can simply change some or all of the 

FIG. 5 is a flow chart of an algorithm, indicated generally 
at 50, for operating the headlight directional controller 
illustrated in FIG. 1 to automatically implement directional 
angle adjustments in accordance with one or more of the 

by the headlight directional controller 14. Then, the operat
ing algorithm 50 enters a decision point 52, wherein it is 

llius, in accordance with the selected adjustment control 50 determined whether the value or values of the condition 
algorithm, a sensed steering angle of +6° results in an 
up/down adjustment factor of -3.00° and a left/right adjust
ment factor of +4.50°. Similarly, a sensed steering angle of 
+5° results in an up/down adjustment factor of -2.50° and a 
left/right adjustment factor of +3.75°, and so on as shown in 55 steering angle value of -2°, then it is determined that the 
the table 40. The illustrated table 40 relates thirteen different 

sensors 15 and 16 that have been read by the headlight 
directional controller 14 are specifically contained in the 
table 40. For example, using the table 40 illustrated in FIG. 
4, if the headlight directional controller 14 has read a 

value of the condition sensor 15 is specifically contained 
within the table 40. In this instance, the operating algorithm 
50 branches from the decision point 52 to an instruction 53, 
wherein the adjustment factors contained in the table 40 that 

sensed steering angle values to their corresponding adjust
ment control values for both the up/down and left/right 
orientation ofthe headlight 11. However, the table 40 can 
include a greater or lesser number of such sensed operating 60 correspond to the sensed condition value are looked up and 
condition values, together with their corresponding adjust
ment control values. Furthermore, although the illustrated 
table 40 relates only a single sensed operating condition 
value (steering angle) to the corresponding adjustment con
trol values for both the up/down and left/right orientation of 65 with the current position of the headlight 11. This step 54 of 
the headlight 11, the selected adjustment control algorithm 
may, as mentioned above, be responsive to a plurality of 

stored in the headlight directional controller 14. 
The operating algorithm 50 next enters an instruction 54 

wherein the value of the magnitude ofthe adjustment factor 
(i.e., the desired position for the headlight 11) is compared 

the operating algorithm 50 is optional and can be performed 
if one or more of the position feedback sensors 18 and 19 are 
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provided in the automatic directional control system 10 to 
generate respective electrical signals that are representative 
of the actual up/down and left/right positions of the head
light 11, as described above. This step 54 of the operating 
algorithm 50 can be performed to determine how much of an 5 
adjustment is necessary to move the headlight 11 from its 
current position, as determined by the position feedback 
sensors 18 and 19, to the desired position, as defined by the 
adjustment factor obtained from the table 40, To accomplish 
this, the value of the adjustment factor may, for example, be 10 that are to be implemented by the two actuators 12 and 13 
subtracted from the current position of the headlight 11 to 
determine the magnitude of the diiierence therebetween and, 
therefore, the magnitude of the adjustment that is necessary 
to move the headlight 11 from its current position to the 
desired position. However, this step 54 of the operating 15 amount of movement that is to be implemented by the 
algorithm 50 can be accomplished in any other desired 
manner. 

from the table 40. The headlight directional controller 14 
operates the actuators 12 and 13 to adjust the angular 
orientation of the headlight 11 to achieve the noted adjust
ment factors. 

In some instances, the amounts of movement that are to 
be implemented by the two actuators 12 and 13 will be the 
same (i.e., the amount of up/down movement of the head
light 11 will be the same as the amount of left/right move
ment). More frequently, however, the amounts of movement 

will be different from one another. In the latter instances, it 
may be desirable to operate the two actuators 12 and 13 at 
two different speeds such that the overall movement of the 
headlight 11 is relatively uniform. For example, if the 

up/down actuator 12 is twice as large as the amount of 
movement that is to be implemented by the left/right actua
tor 13, then it may be desirable to operate the up/down 
actuator 12 at one-half of the speed of the left/right actuator 

Next, the operating algorithm 50 enters a decision point 
55, wherein it is determined whether the magnitude of the 
adjustment that is necessary to move the headlight 11 from 20 13 so that the movements of both actuators 12 and 13 (and, 
its current position to the desired position is greater than a 
predetermined minimum threshold. This step in the operat
ing algorithm 50 is also optional, but may be desirable to 
prevent the actuators 12 and 13 from being operated con
tinuously or unduly frequently in response to relatively 25 respective movements of such different headlights 11 in such 
small variations in the sensed operating condition or con
ditions, such as relatively small bumps in the road. For 
example, if the current position of the headlight 11 is 
relatively close to the desired position, then it may be 

therefore, the overall movement of the headlight 11) will 
start and stop at approximately the same time. Similarly, if 
the vehicle is provided with two different headlights 11, as 
is commonly found, then it may be desirable to control the 

a manner that they both start and stop at approximately the 
same time. This can be accomplished, for example, by 
providing a single headlight directional controller 14 for not 
only controlling, but also coordinating the movements of 

undesirable to effect any movement thereof. This step 55 30 both of the headlights 11 in response to the sensed operating 
will prevent the actuators 12 and 13 from being operated 
unless the current position of the headlight 11 is relatively 
far from the desired position. As another example, if the 
condition sensors 15 and 16 are respectively responsive to 
the front and rear suspension heights of the vehicle for the 35 the actuators 12 and 13 can be embodied as step motors that 
purpose of determining the pitch thereof, then the headlight 
directional controller 14 may be programmed to be respon
sive only to changes in the suspension heights that occur at 
frequencies that are lower than the suspension rebound 
frequency of the vehicle (thereby ignoring relatively high 40 movement. However, more desirably, the operations of the 

actuators 12 and 13 are performed in a closed loop manner. 
To accomplish this, the actuators 12 and 13 are operated 
until either or both of the position feedback sensors 18 and 
19 generate signals indicate that the headlight 11 has actu-

45 ally achieved the predetennined amounts of movement or 
desired position. In either event, the operating algorithm 50 
then branches back to the instruction 51, wherein the above-

conditions. 
Such operations can be perfonned in an open loop manner 

if desired, wherein the actuators 12 and 13 are operated to 
achieve predetermined amounts of movement. For example, 

are operated a predetermined number of steps to achieve 
predetermined amounts of movement. Alternatively, the 
actuators 12 and 13 can be operated for predetermined 
periods of time to achieve the predetermined amounts of 

frequency changes in suspension height that are likely the 
result of bumps in the road). However, relatively high 
frequency changes in the suspension heights could also be 
monitored to assist in deciphering relatively rough suspen
sion changes from other suspension changes. 

In any event, the provision of the predetermined mini
mum threshold functions as a filter or dead band that 

described steps of the algorithm 50 are repeated. 
Referring back to the decision point 52, if the value or 

minimizes or eliminates undesirable "hunting" of the actua
tors 12 and 13 for relatively small magnitudes of movement 
of the headlight 11. If the magnitude of the adjustment factor 50 values of the condition sensors 15 and 16 that have been read 
is not greater than the predetermined minimum threshold, 
then the operation of the actuators 12 and 13 is considered 
to be undesirable. Thus, the operating algorithm 50 branches 
from the decision point 55 back to the instruction 51, 
wherein the above-described steps of the operating algo- 55 tained in the table 40 that correspond to the adjacent sensed 
rithm 50 are repeated. 

If, on the other hand, the magnitude of the adjustment 
factor is greater than the predetennined minimum threshold, 
then the operation of the actuators 12 and 13 is considered 
to be desirable. Thus, the operating algorithm 50 branches 60 that the value of the condition sensor 15 is not specifically 
from the decision point 55 to an instruction 56, wherein 
either or both of the actuators 12 and 13 are actuated to effect 

by the headlight directional controller 14 are not specifically 
contained in the table 40, then the operating algorithm 50 
branches from the decision point 52 to an instruction 57, 
wherein the adjustment factors that are specifically con-

condition values are looked up and stored in the headlight 
directional controller 14, For example, using the table 40 
illustrated in FIG. 4, if the headlight directional controller 14 
has read a steering angle value of-1.5°, then it is determined 

contained within the table 40. Rather than simply default to 
the closest value that is contained within the table 40, the 
two adjustment factors specifically contained in the table 40 
that are adjacent to the sensed condition value (namely, the 

movement of the headlight 11. For example, using the table 
40 illustrated in FIG. 4, if the headlight directional controller 
14 has read a steering angle value of -2°, then the headlight 65 adjustment factors for the steering angle values of -1° and 
directional controller 14 will look up an up/down adjustment 
factor of -1.00° and a left/right adjustment factor of -1.50° 

-2°) are looked up and stored in the headlight directional 
controller 14. 
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The operating algorithm 50 next enters an instruction 58, 
wherein the actual adjustment factors to be implemented by 
the headlight directional controller 14 are interpolated or 
otherwise calculated from the stored adjustment factors that 
are adjacent to the sensed condition value. For example, as 5 and weight distribution of the vehicle. These pitch variations 
mentioned above, if the actual sensed steering angle value is 
-1.5°, then the headlight directional controller 14 looks up 
the adjustment factors for the steering angle values of -1° 

A variety of control strategies can be implemented using 
the automatic directional control system 10 described above. 
For example, the pitch of the vehicle can change as a result 
of a variety of factors, including acceleration, deceleration, 

can alter the angle at which the beam of light projects from 
the headlight 11 in the up and down direction relative to a 

, . , horizontal reference position or plane. The automatic dircc-
and-2 . I he up/down adjustment factor for a steering angle tional control system 10 can be responsive to such pitch 
value of -10 is -0.50 while the up/down adjustment factor 10 variations for operating the up/down actuator 12 t0 maintain 

lor a steenng angle value 01-2 is-1.00 . It the calculation 
that is performed by the headlight directional controller 14 
is a simple arithmetic mean, then the interpolated up/down 
adjustment factor would be -0.75°. Similarly, the left/right 
adjustment factor for a steering angle value of-1° is-0.75°, , ^ j • , • 

while the left/right adjustment factor for a steering angle 15 ProJects from ti16 headlight 11 in the left and right direction 
relative to a vertical reference position or plane can be 
adjusted in accordance with the sensed steering angle. 
However, the angle at which the beam of light projects from 
the headlight 11 in the up and down direction relative to a 

the angle at which the beam of light projects from the 
headlight 11 in the up and down direction relatively constant 
to the horizontal reference position or plane. 

As discussed above, the angle at which the beam of light 

value of -2° is -1.50°. If the calculation that is performed by 
the headlight directional controller 14 is a simple arithmetic 
mean, then the interpolated left/right adjustment factor 
would be -1.13°. Thereafter, the operating algorithm 50 
branches to the decision point 55, and the remainder of the 20 horizontal reference position or plane can also be adjusted in 
operating algorithm 50 is performed as described above. accordance with the sensed steering angle. This can be done 

to lower the headlight beams as the vehicle is turning a 
corner. The advantages of this are not only to better illumi
nate the road surface in the path of movement of the vehicle, 

'Hie interpolation that is performed by the headlight 
directional controller 14 can be accomplished in any desired 
manner. The performance of the simple arithmetic mean 
described above is intended to be representative of any 25 but also to reduce headlight glare to other vehicles as the 
mathematical or other function that can be performed to 
calculate, derive, or otherwise obtain adjustment factors that 
are not present in the table 40. Furthermore, although this 
interpolation has been described in the context of using only 

turn is negotiated. 
Lastly, many vehicles on the road today have halogen 

lamps or other lights that are aimed to illuminate the sides 
of the roads in front of the vehicle during the turn. These 

the two condition values that are directly adjacent to the 35 other lights are activated by the manual operation of the turn 
actual sensed condition value, it will be appreciated that the 
adjustment values for any single condition value or combi
nation of sensed condition values may be selected for the 
interpolation. For example, several of the condition values 
both above and below the sensed condition value can be read 

signals of the vehicle. The automatic directional control 
system 10 of this invention can be responsive to one or more 
operating conditions of the vehicle to automatically activate 
these other lights on the vehicle. For example, the automatic 

35 directional control system 10 of this invention can be 
responsive to a steering angle in excess of a predetermined 
magnitude for automatically activating these other lights on 
the vehicle. This can be effective to extend the angular range 
of illumination of the road surface. 

from the table 40 to derive a trend line or other good estimate 
of the adjustment factors that are not present in the table 40. 
Performance of this interpolation does not require any 
significant increase in the amount of processing power that 
is necessary for the headlight directional controller 14. 

The above discussion has assumed the use of a single 40 

table 40 that provides adjustment values based upon a single 
sensed operating condition (steering angle of the vehicle, in 
the illustrated embodiment). However, as discussed above, 
this invention may be practiced by sensing a plurality of 
operating conditions of the vehicle. For example, let it be 45 above, the headlight directional controller 14 can be oper-
assumed that both steering angle and vehicle road speed are ated to automatically implement directional angle adjust-
sensed by the condition sensors 15 and 16. As previously ments in accordance with one or more of the sensed condi-
discussed, the adjustment control algorithm that is selected tion values or in accordance with the rate of change of one 
in the first step 31 of the table generating algorithm 30 can or more of the sensed condition values, 
be designed to accommodate multiple sensed conditions. 50 

Alternatively, however, a first table (such as the table 40 
illustrated in FIG. 4) may be generated that relates the 
steering angle of the vehicle to the angular adjustment 
control values for adjusting both the up/down orientation 
and the left/right orientation of the headlight 11. A second, 55 jg are subsequently read a second time by the 
similar table (not shown) may also be generated that relates 
the road speed of the vehicle to the angular adjustment 
control values for adjusting both the up/down orientation 
and the left/right orientation of the headlight 11. Thus, for a 
given steering angle and road speed of the vehicle, the first 
and second tables may provide differing angular adjustment 
control values. To address this, the interpolation step 57 of 
the operating algorithm 50 can be performed to interpolate 
a single composite adjustment value that is based upon the 
two different values provided in the first and second tables 
for the pair of sensed operating conditions. This interpola- <55 then the difference between the first sensed vehicle speed 
tion can be performed in the same manner as described and the second sensed vehicle speed, divided by the amount 
above for each of the acUiators 12 and 13. of time therebetween, would yield a number that is repre-

FIG. 6 is a flow chart of an algorithm, indicated generally 
at 60, for operating the headlight directional controller 
illustrated in FIG. 1 to automatically implement directional 
angle adjustments in accordance with the rate of change of 
one or more of the sensed condition values. As mentioned 

To accomplish this, the algorithm 60 has a first step 61 
wherein the values of one or more of the condition sensors 
15 and 16 are initially read by the headlight directional 
controller 14. Then, the algorithm 60 enters a second step 62 
wherein the values of one or more of the condition sensors 

headlight directional controller 14. The second reading of 
the condition sensors 15 and 16 occurs a predetermined 
amount of time after the first reading thereof. Next, the 
algorithm enters a third step 63 wherein a rate of change of 

60 the sensed condition or conditions is calculated. The rate of 
change of the sensed condition can be calculated as the 
difference between the first and second readings divided by 
the amount of time therebetween or by any other desired 
means. For example, if the sensed condition is vehicle speed. 
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sentative of the acceleration of the vehicle. In a final step 64 vehicle, such as can occur when accelerating, decelerating, 
of the algorithm 60, either or both of the actuators 12 and 13 and weight changes, the headlight directional controller 14 
are actuated to effect movement of the headlight 11 in will be operated in the normal manner to effect corrective 
accordance with the calculated rate of change of the sensed actions, as described above. 
condition. Such movement of the headlight 11 can be 5 As mentioned above, the input/output device 17 is con-
effected in a manner that is similar to that described above. nected to (or can be connected to) the headlight directional 

FIG. 7 is a flow chart of an algorithm, indicated generally controller 14 for facilitating communication therewith, and 
at 70, for operating the headlight directional controller the input/output device 17 can be used for calibrating the 
illustrated in FIG. 1 to automatically implement directional automatic directional control system illustrated in FIG. 1 so 
angle adjustments, but only when the rate of change of one to as to define an initial reference position or positions for the 
or more of the sensed condition values is less than (or greater headlight 11 from which the headlight directional controller 
than) a predetermined value. As mentioned above, the 14 can implement directional angle adjustments. Addition-
headlight directional controller 14 can be operated to auto- ally, however, the input/output device 17 can be employed as 
matically implement directional angle adjustments in accor- a diagnostic tool. To accomplish this, the input/output device 
dance with one or more of the sensed condition values. In is 17 can be embodied as a conventional microprocessor or 
this variation of the invention, the headlight directional similar electronically programmable device that can be 
controller 14 automatically implements directional angle connected to the headlight directional controller 14 to read 
adjustments in response to the sensed condition values (or in fault codes that may be generated during the operation 
response to the rate of change of the sensed condition thereof. The headlight directional controller 14 can be 
values), but only when the rate of change of one or more of 20 programmed to generate fault codes whenever a fault con-
the sensed condition values is less than (or greater than) a dition or other anomaly occurs or is detected. Such fault 
predetermined value. codes can be stored in the headlight directional controller 14 

To accomplish this, the algorithm 70 has a first step 71 until the input/output device 17 is subsequently connected 
wherein the values of one or more of the condition sensors thereto. When so connected, the input/output device 17 can 
15 and 16 are initially read by the headlight directional 25 read such codes and display them for an operator. As a result, 
controller 14. Then, the algorithm 70 enters a second step 72 the operator can take whatever corrective actions are nec-
wherein the values of one or more of the condition sensors essary to address the fault condition or anomaly. The input/ 
15 and 16 are subsequently read a second time by the output device 17 can also be programmed to clear the fault 
headlight directional controller 14. The second reading of codes from the headlight directional controller 14 after they 
the condition sensors 15 and 16 occurs a predetermined 30 are read, 
amount of time after the first reading thereof. Next, the 
algorithm enters a third step 73 wherein a rate of change of 
the sensed condition or conditions is calculated. The rate of 

In accordance with the provisions of the patent statutes, 
the principle and mode of operation of this invention have 
been explained and illustrated in its preferred embodiments. 
However, it must be understood that this invention may be change of the sensed condition can be calculated as the 

difference between the first and second readings divided by 35 practiced otherwise than as specifically explained and illus-
the amount of time therebetween or by any other desired 
means. For example, if the sensed condition is suspension 
height, then the difference between the first sensed suspen
sion height and the second sensed suspension height, 
divided by the amount of time therebetween, would yield a 40 
number that is representative of the rate of change of the 
suspension height of the vehicle. 

In a fourth step 74 of the algorithm 70, a determination is 
made as to whether the rate of change of the sensed 
condition value is less than a predetermined threshold value. 45 
If the rate of change of the sensed condition value is less than 
this predetermined threshold value, then the algorithm 70 
branches from the decision point 74 to a final step 75 of the 
algorithm 70, wherein either or both of the actuators 12 and 
13 are actuated to effect movement of the headlight 11 in 50 
accordance with the calculated rate of change of the sensed 
condition. Such movement of the headlight 11 can be 
effected in a manner that is similar to that described above. 

trated without departing from its spirit or scope. 
What is claimed is: 
1. An automatic directional control system for a vehicle 

headlight comprising: 
a sensor that is adapted to generate a signal that is 

representative of a condition of the vehicle, said sensed 
condition includes one or more of road speed, steering 
angle, pitch, and suspension height of the vehicle; 

a controller that is responsive to said sensor signal for 
generating an output signal only when said sensor 
signal changes by more than a predetermined minimum 
threshold amount to prevent said actuator from being 
operated continuously or unduly frequently in response 
to relatively small variations in the sensed operating 
condition; and 

an actuator that is adapted to be connected to the headlight 
to effect movement thereof in accordance with said 
output signal. 

2. The automatic directional control system defined in If, however, the rate of change of the sensed condition value 
is not less than this predetermined threshold value, then the 55 claim 1 wherein said sensor generates a signal that is 
algorithm 70 branches from the decision point 74 back to the 
first step 71, wherein the algorithm 70 is repeated. This 
threshold sensing algorithm 70 can function to prevent the 
headlight directional controller 14 from being operated to 
automatically implement directional angle adjustments 60 
when the rate of change of the suspension height of the 
vehicle changes more rapidly than the system can effect 
corrective changes. For example, if the vehicle is operated 
on a bumpy road, the algorithm 70 will prevent the headlight 
directional controller 14 from attempting to correct for every 65 representative of the suspension height of the vehicle, 
single bump that is encountered. However, for relatively low 
frequency or rates of change in the suspension height of the * * * * * 

representative of the road speed of the vehicle. 
3. The automatic directional control system defined in 

claim 1 wherein said sensor generates a signal that is 
representative of the steering angle of the vehicle. 

4. The automatic directional control system defined in 
claim 1 wherein said sensor generates a signal that is 
representative of the pitch of the vehicle. 

5. The automatic directional control system defined in 
claim 1 wherein said sensor generates a signal that is 
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