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(57) Abstract

Apparatus for determining the location of the eyes of a driver for a vehicle having a central inside rearview mirror, comprises a
distance sensor, an orientation detector, and a signal processor. The distance sensor senses the distance between the central mirror and
the driver’s head. The orientation detector detects the orientation of the inside mirror. Once the driver has manually adjusted the inside
mirror, the driver operates a switch, which activates both the distance sensor and the orientation detector. The signal processor, preferably
a microcomputer, uses the equation of a parabola in space to determine the location of the parabola’s focus, and thereby determine the

location of the driver’s eyes.
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Title: DRIVER’S EYES LOCATION DETERMINING
APPARATUS AND METHOD

FIELD OF THE INVENTI

This invention relates to the mechanisms and methods for

determining the location of the eyes of a motor-vehicle driver.

BACKGROUND OF THE INVENTION

Motor vehicles have rearview mirrors. For comfort and
safety reasons it is important to ensure that the rearview mirrors are
oriented correctly. The correct mirror orientation depends upon the
position of the driver's eyes, and therefore upon the driver's body
proportions and sitting habits.

There .is accordingly a need for a mechanism which
automates the determination of the location of driver's eyes. Such a
mechanism is particularly useful in systems for automatically adjusting

remote rearview mirrors of vehicles being shared by drivers with different

body proportions.
SUMMARY OF THE INVENTION

The subject invention is directed towards apparatus and
methods for determining the location of the eyes of a driver of a vehicle
having a directly adjustable proximate rearview mirror. The apparatus
comprises distance sensing means for sensing the distance between the
proximate mirror and the driver's head and generating distance signals
correlatable therewith, orientation detecting means for detecting the
orientation of the proximate mirror after adjustment by the driver to

achieve a desired rearview sightline, and generating orientation signals
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cotrelatable therewith, and signal processing means coupled to the
distance sensing means and the orientation detecting means for processing
the distance signals and the orientation signals and for generating output
signals indicative of a current location for the driver’s eyes based upon an

equation for a parabola having a focus located at the driver’s eyes.

The signal processing means preferably comprises means for
determining an equation for the parabola having a focus located at the
driver’s eyes and an axis parallel to a rearview vector representing a
desired rearview sightline, and falling in a plane formed by the rearview
vector, the plane being perpendicular to the central mirror, and containing
the center point of the mirror, and means for determining the location of
the focus of the said parabola.

The signal processing means preferably models the driver’s
head as a rectangular parallelepiped having 2 front side corresponding to
the driver’s face, and the driver’s eyes are modelled as a point on the front
side midway between the eyes on the driver’s face.

The proximate mirror is typically the central inside
mirror. The distance sensing means is preferably an infrared or ultrasound
sensor mounted on the central mirror mount. The apparatus preferably
includes a driver operable switch which activates both the distance sensor
and the orientation detecting means. The signal processing means is

preferably a microcomputer programmed to determine the location of the
driver's eye.

The present invention is also directed to apparatus for
determining the location of the eyes of a driver of a vehicle having a
directly adjustable proximate mirror having a known center point,
comprising storage means for storing a center point signal indicative of the

known center point of the proximate mirror, and a longitudinal plane
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signal indicative of a longitudinal vertical plane extending through the
middle of the driver’'s seat at a known lateral distance from the center
point of the mirror; orientation detecting means for detecting the
orientation of the proximate mirror after adjustment by the driver to
achieve a desired reflected sightline, and generating orientation signals
correlatable therewith; and processing means operatively coupled to the
orientation detecting means and the storage means, for processing the
center point signal, the longitudinal plane signal, and the orientation
signals, and for generating a processed signal indicative of a current
location of the eyes of the driver, based upon an equation for a parabola
having a focus point located at the driver’s eyes.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described, with reference to the
following drawings, in which:

Figure 1 is a schematic top plan view of apparatus made in

accordance with a preferred embodiment of the subject invention;

Figure 2 is a diagram illustrating the geometry utilized by the
signal processing means of the preferred embodiment;

Figure 3 is a block diagram of the components of the preferred
embodiment;

Figure 4 is a flow chart of a program shown in Figure 3; and

Figure 5 is a schematic top plan view of an alternative
embodiment of the invention.

PCT/SE98/00298



WO 98/36941

10

15

20

-4-

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Figure 1 illustrates a preferred embodiment of the subject
invention generally shown as 10. Driver 12 is shown positioned in a
driving position behind steering wheel 14. Central inside mirror 20 is
assumed to be mounted on the vehicle in a central mirror mount 18.

Apparatus 10 comprises a distance sensor 42, an orientation sensor 44, a
switch 46, and a signal processor 60.

In the coordinate system shown in Figure 1, the origin of the
coordinate system is at the center point 30 of central mirror 20, the X axis
points forward along the longitudinal axis of vehicle 10, the Y axis is
vertical, pointing up, and the Z axis points transversely to the left. Vector

32 is the vector between the center point 30 of central mirror 20 and the
driver's eyes center point 27.

Distance sensor 42, typically an infrared or ultrasound or
other suitable sensor, is located on the mirror mount 18 of central mirror
20. Distance sensor 42 determines the distance between the central mirror
20 and the driver's eyes center point 27. Central mirror orientation
detector 44 is located on mirror mount 18, and detects the orientation of
central mirror 20 after it has been manually adjusted by driver 12.
Orientation detector 44 may compriée a two degree of freedom
electromechanical rotational-position sensing device able to detect the
rotation of the central mirror 20 in the Y axis and in a rotational axis
orthogonal thereto. Switch 46 located on mirror mount 18 activates

distance sensor 42, and orientation detector 44.

Signal processor 60 models the driver's head 26 as a
rectangular parallelepiped of known dimensions, of which one side
corresponds to the driver's face, and rotatable and tiltable about the

driver's body. The driver's eyes are modelled as two points of known

PCT/SE98/00298



WO 98/36941

10

15

20

25

-5-

position on the driver's face, and the driver's eyes center point 27 is
modelled as the point midpoint between the eyes on the driver's face.
Without loss of generality, the driver's eyes center point will be used in
the following to model the driver's eyes, but each of the driver's eyes
could be used instead.

It is assumed that the driver will set central mirror 20 so that
light ray 50 is reflected in the direction of the driver’s eyes center point 27
after hitting the center point 30 of mirror 20. In general, light ray 50 is an
horizontal ray of light parallel to the longitudinal axis of the vehicle.
However, these light rays could be rays from other directions necessary to
achieve a desired field of view for rearview vision purposes. Typically the
optimum direction of light ray 50 would be determined by the vehicle's

manufacturer for each particular vehicle.

Referring now to Figure 2, signal processor 60 preferably
comprises microcomputer 62 located at a convenient location in the
vehicle, electrically coupled to the other components of the subject
apparatus by cables or other electrical connections. Microcomputer 62
includes a microprocessor 63 having RAM memory 65 and ROM memory
67, in which is stored the coordinates of the center point 30 of mirror 20, as
determined from vehicle dimensions and mirror location. Similarly, light
ray vector 50 is stored in the ROM memory 67. Microcomputer 62 receives
distance signal 70 from distance sensor 42, orientation signal 72 from
central mirror orientation detector 44. Microprocessor 63 processes these
signals in a manner hereinafter described, and generates the location of the
driver's eyes center point 27,

Referring now to Figure 3, signal processor 60 utilizes the
equation of a parabola to determine the current location of the driver’s
eyes. From the definition of a parabola 75, it is known that a light ray 50

travelling in the parabola's plane, parallel to the parabola's axis 52, towards
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the parabola's focus 27 and vertex 76 (i.e. towards the concave side of the
parabola), would be reflected towards the parabola's focus 27, if the
parabola 75 were a mirror or light-reflecting. By (a) placing a mirror 20
perpendicular to the parabola's plane and tangent to the parabola 75 in the
5 point 30 where the light ray 50 meets the parabola and (b) by placing the
driver's eyes at the parabola's focus 27, light ray 52 would be reflected

towards the parabola's focus 27, that is towards the driver's eyes.

The above considerations are sufficient to determine the
location of the driver's eyes 27 once the driver has adjusted mirror 20 so

10  that light ray 50 is reflected in the direction of the driver's eyes center point
27 after hitting the center point 30 of mirror 20.

It should be noted that an elliptic (circular) paraboloid of axis
unit vector 52, of focus the driver’s head 27 and containing mirror center
point 30 on its surface, could be used instead of the above mentioned

15 parabola. Mirror 20 would then have to be oriented so as to be tangent in

center point 30 to the paraboloid’s surface.

The parabola of focus located at driver's eyes center point 27,
of axis parallel to unit vector 50, and inhabiting the plane orthogonal to
mirror 20 in center point 30 and containing mirror center point 30 and

20  unit vector 50, is uniquely defined by the following data: (a) knowing that
the parabola inhabits the plane orthogonal to mirror 20 in center point 30
and containing mirror center point 30 and unit vector 50; (b) knowing that
the parabola's axis is parallel to unit vector 50; (c) knowing that vector 50 is
directed towards the concave side of the parabola; (d) by knowing that

25 mirror center point 30 lies on the parabola, and e) by knowing the distance

from mirror center point 30 to the driver's eyes center point 27, i.e. the
length of vector 32.
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In other words, data (a) to (e) above are sufficient to uniquely
parametrize the equation of a parabola in space, in order to obtain the
equation of the parabola mentioned above. Consequently, having obtained
the equation of the above mentioned parabola allows to determine the

5 location of the parabola's focus using well known relationships relating

the equation of a parabola and the location of its focus.

Referring now to Figure 4, microcomputer 62 is programmed

with computer software stored in ROM memory 67, which operates as

10 follows. When switch 46 is triggered (block 80), distance sensor 42 and

orientation detector 44 make their measurements and send their output

signals to microcomputer 62. Microcomputer 62 then determines the

distance between central mirror 20 and driver's eyes 27 (block 82) and the

orientation of the central mirror (block 84). Microcomputer 62

15 subsequently parametrizes the equation of a parabola in space to yield the

equation of the parabola (a) inhabiting the plane orthogonal to mirror 20

in center point 30 and containing mirror center point 30 and unit vector

50, (b) of axis parallel to unit vector 50, (c} such that vector 50 is directed

towards the concave side of the parabola, (d) containing mirror center

20 point, and (e) of distance, focus to mirror center point, the length of vector

32 (block 86). Subsequently, from the parabola equation obtained, the

location of the parabola's focus is computed, yielding the location of the
driver's eyes center point 27 (block 88)

Microcomputer 62 determines the location of the driver's

25 eyes by implementing the following algorithm. Given:
¢)) the coordinates of center point 30 (central mirror),

(2) the distance from the point 30 (central mirror) to the driver's
eyes 27 provided by distance sensor 42,
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(3) the orientation of the central mirror provided by central
mirror orientation detector 44,

4) the unit direction vector for light ray 50,

nthe coordinates of the driver's eye 27 are determined as follows:

(a) the equation of a parabola in space is parametrized in order to
obtain the equation of the parabola inhabiting the plane orthogonal to
mirror 20 in center point 30 and containing mirror center point 30 and
unit vector 50, of axis is parallel to unit vector 50, such that vector 50 is
directed towards the concave side of the parabola, containing mirror center

point, and of distance focus to mirror center point the length of vector 32;

(b) having obtained the equation of the above mentioned
parabola, the location of the parabola's focus is obtained using well known
relationships relating the equation of a parabola and the location of its

focus, thus yielding the coordinates of the driver's eyes center point 27;
and

(c) knowing that vector 32 is perpendicular to the driver's head
surface in driver's eyes center point 27, the location of the rotation and tilt
axes of driver's head 26 are uniquely determined, defining the space
inhabited by the driver's eyes center point 27, when the driver moves his
head.

For explanation purposcs, other approaches being possible, an
approach to obtaining the relationships required for implementing steps
(a) and (b) of the above algorithm is prescented:

Consider the general equation of a parabola in a plane defined by
coordinates x and y (other than the coordinates X, Y and Z defined in

Figure 1):
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(x+x1)2=4c(y+yy)

where X, y;, and c are constants, and c represents the distance of the focus
to the parabola’s vertex, and where (x, ¥) are the coordinates of a point on
the parabola. The tangent to the parabola in a point (x, y) is given by
dy/dx = (x+x) / (20)

the focus coordinates are given by (-x;, ¢-y;)

Knowing that the mirror center point is located at the point (x,y) = (0,0), we
have from the equation above (x + x;)2 = 4 ¢ (y + y;) the following

xt=4cy, ey

Given the value a of the tangent dy/dx = (x + X;) /2c at that point (from the
orientation detecting means), we have at (x, y) = (0, 0):

a=(x+x)/Qc=x/2c. @
Given the value b of the distance mirror center point to focus (from the

distance sensing means), using the focus coordinates and triangulation we
have,

b2 = (Xl)z +(c- Y1)2- 3

So that, we have three equations and three unknowns and can solve for

X1, ¥1 and ¢, thus obtaining the coordinates of the focus.

In use, the driver manually adjusts central mirror 20. Driver

12 then presses switch 46, which activates distance sensor 42, which

PCT/SE98/00298
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measures the distance between the mirror 20 and the driver's eyes center
point 27. Switch 46 also activates central mirror orientation detector 44
which measures the orientation of central mirror 20. The signals from

sensor 42 and detector 44 are processed by microcomputer 62 to determine

the coordinates of the driver's eyes center point 27.

Referring now to Figure 5, in an alternative embodiment
shown generally as 11, the subject apparatus comprises an orientation
detector 144, signals processor 160, and activation switch 146. This
alternative embodiment is based upon the assumption that the driver will
tend to assume a drivin?,;,r position directly behind steering wheel 14, such
that the driver's eyes center point falls within a vertical plane 51 extending
longitudinally through the middle of the driver's seat when the driver's is
looking straight ahead. Apparatus 11 accordingly does not require a

distance sensor like sensor 46 of apparatus 10.

In use, the driver manually adjusts central mirror 20. Driver
12 then presses switch 146, which activates central mirror orientation
detector 144 which measures the orientation of central mirror 20. The
signals from orientation detector 144 are processed by signal processor 160

to determine the coordinates of the driver's eyes center point 27,

Signal processor 160 comprises a microcomputer generally
similar to microcomputer 62 which, however, is programmed to

determine the location of the driver's eyes by implementing the following
algorithm. Given:

1) the coordinates of center point 30 (central mirror);
(2) the location of vertical plane 51;
(3) the orientation of the central mirror provided by central

mirror orientation detector 144; and

PCT/SE98/00298
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4) the unit direction vector for light ray 50,
the coordinates of the driver's eye 27 are determined as follows:
(a) knowing that vector 32 inhabits the plane orthogonal to

mirror 20 in center point 30 and containing mirror center point 30 and
unit vector 50, and knowing that vector 32 is perpendicular to the driver's
head surface in driver's eyes center point 27, and assuming that the
rotation axis lies in the driver's seat longitudinal center plane 51, the
equation of a parabola in space is parametrized to yield the equation of the
parabola inhabiting the plane orthogonal to mirror 20 in center point 30
and containing mirror center point 30 and unit vector 50, of axis parallel to
unit vector 50, of focus the driver's eyes center point 27, such that vector 50 .
is directed towards the concave side of the parabola, and containing mirror

center point 27;

®) having obtained the equation of the above mentioned
parabola, the location of the parabola's focus is obtained using well known
relationships relating the equation of a parabola and the location of its

focus, thus yielding the coordinates of the driver's eyes center point 27;
and

(c) knowing that vector 32 is perpendicular to the driver's head
surface in driver's eyes center point 27, the location of the rotation and tilt
axes of driver's head 26 are uniquely determined, defining the space

inhabited by the driver's eyes center point 27, when the driver moves his
head.

For explanation purposes, other approaches being possible, an
approach to obtaining the relationships required for implementing steps

(a) and (b) is presented as follows. Equation (3) is modified so as to
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consider the size of the head and the location of the vertical plane. Along
the line joining the mirror center point to the focus, the distance from
mirror center point to the focus (eyes) plus the distance of the focus (eyes)
to the vertical plane, must equal the distance from mirror center point to
the vertical plane. Given the depth of the head (from face surface to back),
and therefore given the distance d of the focus (eyes) to the vertical plane,
and given x, the lateral position of the plane, i.e. giv.en the distance from

mirror center point to the vertical plane, we have

distance_plane_to_focus + (3"

distance_focus_to_mirror_center_point

distance_plane_to_mirror_center_point
fd (x)) / [(xg)2 + -y O3] + [-x) =%, (3”)

So that again, we have three equations and three unknowns and can solve

for x, y1, and ¢, thus obtaining the coordinates of the parabola’s focus.

While the subject apparatus determines the location of the
driver's eyes, if the computed location is outside a space volume in which

the driver's eyes are expected to be, the apparatus will make the conflict
known by some signal such as a light or a sound.

While the subject apparatus has been shown to be triggered by
a switch, it could also be triggered by a change of orientation of the

proximate mirror, caused by the driver adjusting the proximate mirror.
While the proximate mirror of the subject apparatus was
described to be manually adjusted, it could also be adjusted indirectly by

operating a mechanical joystick or a switch for a servomechanism.

While two embodiment of the apparatus have been

PCT/SE98/00298
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described, a combination of these embodiments is also possible, especially
in order to determine for error checking purposes, whether the location of
the driver's eyes as determined by one embodiment matches the location

of the driver's eyes as determined by the other embodiment.

While the subject apparatus determines the location of the
driver's eyes center point, it could also determine the location of the
driver's eyes when these are modelled as a single point within the driver's

head, or when the driver's head is modelled as a single point.

While the subject apparatus has been described alone, it can
be used in conjunction with various rearview mirror positioning systems

which require as one of the inputs the location of the driver's eyes.

It should therefore be understood that various modifications
can be made to the embodiments of the invention described and
illustrated herein, without departing from the subject invention, the scope
of which is defined in the appended claims.
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LCLAIM

1. Apparatus for determining the location of the eyes of a driver
of a vehicle having a directly adjustable proximate rearview mirror,

comprising:

(a) distance sensing means for sensing the distance between the
proximate mirror and the driver’s head and generating

distance signals correlatable therewith;

®) orientation detecting means for detecting the orientation of
the proximate mirror after adjustment by the driver to
achieve a desired rearview sightline, and generating

orientation signals correlatable therewith; and

(9] signal processing means coupled to the distance sensing
means and the orientation detecting means for processing the
distance signals and the orientation signals and for generating
output signals indicative of a current location for the driver’s
eyes based upon an equation for a parabola having a focus

located at the driver’s eyes. .

2. The apparatus defined in claim 1, wherein the signal
processing means comprises means for determining an equation for a
parabola having a focus located at the driver’s eyes and an axis parallel to a
rearview vector representing the desired rearview sightline, and falling in
a plane containing the rearview vector, the plane being perpendicular to
the central mirror, -and containing the center point of the mirror, and

means for determining the location of the focus of the said parabola.

3. The apparatus defined in claim 1, wherein the signal

processing means models the driver's head as a rectangular parallelepiped

PCT/SE98/00298
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having a front side corresponding to the driver’s face, and the driver’s eyes
are modelled as a point on the front side midway between the eyes on the
driver’s face. '

4. The apparatus defined in claim 1, wherein the signal
processing means comprises a microcomputer comprising storage means
for storing vehicle parameters, the distance signals, and the orientation
signals, determining means for determining the current location for the

driver’s eyes, and signal generating means for generating the output
signals.

5. Apparatus as defined in claim 1, further comprising
activation means operable by the driver for activating the distance sensing

means and the orientation detecting means.

6. Apparatus defined in claim 1, wherein the proximate mirror
comprises a central inside mirror.

7. The apparatus defined in claim 1, wherein the distance
sensing means comprises an infrared sensor mounted adjacent the

proximate mirror.

8. The apparatus defined in claim 1, wherein the distance
sensing means comprises an ultrasound sensor mounted adjacent the

proximate mirror.

9. The apparatus defined in claim 5, wherein the activation

means comprises a manually operated switch.

10. The apparatus defined in claim 1, wherein the orientation

detecting means comprises a position sensor coupled to the proximate

mirror.

PCT/SE98/00298
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11. The apparatus defined in claim 1, wherein the signal
processing means comprises:

(@ storage means for storing a center point signal indicative of

the known center point of the proximate mirror; and

() processing means operatively coupled to the distance sensing
means, the orientation detecting means and the storage
means, for processing the center point signal, the distance
signals, and the orientation signals, and for generating
processed signals indicative of a current location of the eyes of

the driver, based upon an equation for a parabola having a
focus located at the driver’s eyes.

12, A method for determining the location of the eyes of a driver

of a vehicle having a directly adjustable proximate rearview mirror,
comprising:

(a) sensing the distance between the proximate mirror and the
driver’s head and generating distance signals correlatable
therewith;

(b) detecting the orientation of the proximate mirror after

adjustment by the driver to achieve a desired rearview

sightline, and generating orientation signals correlatable
therewith; and

(0 processing the distance signals and the orientation signals
and generating output signals indicative of a current location
for the driver’s eyes based upon an equation for a parabola
having a focus located at the driver’s eyes.
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13. . Apparatus for determining the location of the eyes of a driver
of a vehicle having a directly adjustable proximate mirror having a known

center point, comprising:

(a) storage means for storing a center point signal indicative of
the known center point of the proximate mirror, and a
longitudinal plane signal indicative of a longitudinal vertical
plane extending through the middle of the driver’s seat at a

known lateral distance from the center point of the mirror;

() orientation detecting means for detecting the orientation of
the proximate mirror after adjustment by the driver to
achieve a desired reflected sightline, and generating

orientation signals correlatable therewith; and

(@ processing means operatively coupled to the orientation
detecting means and the storage means, for processing the
center point signal, the longitudinal plane signal, and the
orientation signals, and for generating a processed signal
indicative of a current location of the eyes of the driver, based

upon an equation for a parabola having a focus located at the
driver’s eyes.

14, The apparatus defined in claim 13, wherein the processing
means comprises means for determining an equation for a parabola lying
in a plane orthogonal to the central mirror and containing the center point
of the mirror, having a focus located at the driver’s eyes and an axis

parallel to a rearview vector representing the desired rearview sightline.

15. The apparatus defined in claim 14, wherein the processing
means models the driver’s head as a rectangular parallelzpiped having a

front side corresponding to the driver’s face, and the driver’s eyes are
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modelled as a point on the front side midway between the eyes on the
driver’s face.

16. The apparatus defined in claim 15, wherein the processing
means includes means for determining the distance between the

proximate mirror and the driver’s head based upon the known lateral

distance and the rectangular parallelepiped.

17. A method for determining the location of the eyes of a driver
of a vehicle having a directly adjustable proximate mirror having a known

center point, comprising the steps of:

(a) storing’ a center point signal indicative of the known center
point of the proximate mirror, and a longitudinal plane
signal indicative of a longitudinal plane extending through
the middle of the driver’s seat at a known lateral distance
from the center point of the mirror;

(b) detecting the orientation of the proximate mirror after
adjustment by the driver to achieve a desired reflected

sightline, and generating orientation signals correlatable
therewith; and

(c) processing the center point signal, the longitudinal plane
signal, and the orientation signals, and generating a processed
signal indicative of a current location of the eyes of the
driver, based upon an equation for a parabola having a focus
located at the driver’s eyes.
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