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OPTICAL SYSTEM FOR DETECTING AN OBSTRUCTION

This application claims the benefit of U.S. Provisional Applica-
tion No. 60/081,621, filed April 13, 1998.

BACKGROUND OF THE INVENTION

The present invention relates to the optical detection of a small
object within a fixed plane, and more particularly the invention relates to an
optical detection system that prevents objects such as hands and fingers from
being pinched by a power window of an automobile as the window closes.

DESCRIPTION OF THE RELATED ART

Various techniques that rely on the measurement of applied
force have been utilized to detect obstructions in the plane of an open
automobile window. Presently, the indirect measurement of mechanical
force applied by a window is the leading solution. indirect measurement of
mechanical force involves estimating the required torque of a window motor
based upon the position of the window, window weight, closing rate, and
mechanical advantage. The amount of force applied by the window motor is
estimated based on the window motor current and on the window motor
rotation rate. If the estimated force applied by the window motor exceeds the
estimated torque requirement, the window motor is stopped or reversed.

The compressive force of a window against an obstructing
object can also be directly measured by a compressive membrane located
within a window gasket of a window frame. If force is applied to the
membrane non-uniformly, as in the case of an object trapped between the
window and the window frame, the membrane is pinched and the window
motor is stopped or reversed. Although the techniques relying on the
measurement of mechanical force may work well for their intended purposes,
detection of an obstruction within the window plane requires direct contact
between the obstructing object and the window. For example, an arm must
weigh down the window or a finger must be partially pinched between the
window and the window frame before stoppage or reversal of the motor is
triggered.
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Optical detection techniques are also utilized for detecting
obstructions in the plane of an object that is closing. Known techniques
involve measuring the attenuation of a signal through an optical waveguide or
measuring the change of capacitance in a multilayer capacitor structure.
While these techniques may work well for their intended purpose, there are
important design considerations that these techniques may not adequately
address.

A critical design consideration for an optical obstruction detec-
tion system for use in an automobile having power windows is that the system
must be able to detect a small object, such as a finger, that is located in the
plane of an open window. Detection of a small object is difficult, because the
signal response is often hard to distinguish from various background and/or
interfering signals. The various background and/or interfering signals may be
caused, for example, by the movement of the window or reflections from a
person that is seated near the window. The optical sensing circuitry must be
able to distinguish interfering signals caused by direct sunlight or scattered
light that is incident on the detectors of the obstruction detection system.

In view of the prior art shortcomings, what is needed is an
optical detection system that has the sensitivity to detect small obstructing
objects and the ability to distinguish interfering signals (e.g., from the closing
of a window) in order to prevent false detections of an obstructing object
when no obstructing object is actually present.

SUMMARY OF THE INVENTION

An obstruction detection system utilizes a segmented optical
detector and detector-specific signal processing to optically detect the
presence of a small object within a defined plane and to screen out interfering
signals. In one embodiment of the obstruction detection system, the seg-
mented optical detector includes a series of segmented detector elements
that are generally perpendicular to the defined plane. In another embodi-
ment, the segmented optical detector includes segmented detector elements
that are generally parallel to the defined plane. In the preferred application,
the system is utilized with an automatically closing window to prevent small
objects, such as fingers, from being pinched by the window.

The complete obstruction detection system includes an optical
emitter, the segmented optical detector, and a signal processor. The system
is ultimately connected to a window motor controller and a window motor so
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that closing of a window can be halted if an obstruction is detected. In the
preferred embodiment, the optical emitter is a laser diode and the segmented
optical detector is an array of photodiodes. Both the optical emitter and the
segmented optical detector are located in a single corner of a window frame.
The optical emitter projects light toward the interior of the window frame. The
segmented optical detector receives portions of the emitted light that are
reflected by the interior of the window frame, by an obstructing object, and/or
by other nearby objects or surfaces.

The preferred signal processor is an application-specific
integrated circuit (ASIC) that detects differences in the amount and pattern of
light that is reflected when there is an obstruction in the plane of the window
versus the amount and pattern of light that is reflected when there is no
obstruction in the plane of a window. If the signal processor determines that
there is an obstruction in the window plane, the signal processor generates a
signal that is used to disable or reverse the window motor. The detection
algorithm that is utilized by the signal processor depends upon the type of
segmentation that is utilized for the segmented obtical detector Two
alternative embodiments of the segmented optical detector and signal
processor are described in further detail below.

In the first embodiment, the segmented optical detector is
formed of detector elements that are generally perpendicular to the window
plane. The segmented detector elements are interconnected by separate
conductive traces that are ultimately connected to related signal pads. In one
embodiment, the segmented detector elements are divided into four separate
groups and each detector element is connected to one and only one signal
pad by a respective conductive trace. The four detector groups are
distributed in a repeating pattern and the detector elements are spaced apart
at distances that optimize the detection of a small object, such as a finger.
The segmented optical detector is oriented, with respect to the window plane,
such that the lengthwise (horizontal) dimension of the detector is generally
parallel to the window frame and such that the segmented detector elements
are generally perpendicular to the window piane.

A spatial filtering algorithm is implemented by the signal
processor in conjunction with the segmented optical detector in order to
distinguish gradual spatial changes in light intensity from abrupt changes in
light intensity. The gradual changes are typically caused by interference, or
the illuminated background while the abrupt changes in intensity are likely to
be caused by the presence of a small object. The spatial filtering algorithm
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involves summing the signals received from different combinations of the
segmented detector elements and comparing the sums. The circuitry
required to implement the preferred spatial filtering algorithm is contained
within the signal processor. Within the signal processor, the segmented
detector groups are connected to group-specific signal amplifiers and then to
a processing circuit that performs the sum and difference functions of the
spatial filtering algorithm. The results of the functions are forwarded to
absolute value units, where the absolute vaiue of each function is obtained.
The absolute vaiues are then transmitted to a comparator unit and compared
to a reference signal in order to determine if either signal deviates from the
reference signal enough to trigger a condition that is responsive to the
presence of an obstructing object.

In the other embodiment, the segmented optical detector
includes detector elements that are generally parallel to the window plane.

In a preferred embodiment, there are multiple narrow detector elements that
are spaced closely together on one side of the detector and there is a single
wide detector element on the opposite side of the detector. Each of the
segmented detector elements is individually connected to a signal processor,
so that each detector element can be individually sampled. The detector is
preferably oriented such that the narrow detector elements are closest to. and
in parallel with, the window plane.

The narrow detector elements are provided to minimize false
detections that may be caused by the motion of a closing window or by direct
exposure to sunlight. The narrow detector elements minimize false detec-
tions of objects moving from outside the window plane to inside the window
plane (e.g., the motion of a closing window) by monitoring changes in optical
energy across the lateral direction of the detector. Narrow detector elements
reduce the susceptibility of the system to false detections caused by direct
exposure to sunlight by enabling a specific detector element to be deactivated
or ignored when the specific element is in direct contact with sunlight. The
signal processor utilized with the segmented detector elements controls
detector sampling and solar detection. Through the signal processor, the
segmented detector elements can be individually sampled to provide greater
sensitivity to the parallel distribution of light upon the segmented detector. In
addition, as previously noted, specific parallel segmented detector elements
can be turned off when the elements are exposed to direct sunlight.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a depiction of a conventional automobile with a partially
opened front window. '

Fig. 2 is a general block diagram of an obstruction detection
system that utilizes optical detection in accordance with the invention.

Fig. 3A is a depiction of the general location of an obstruction
detection system in relation to the front window frame of the automobile
shown in Fig. 1, in accordance with the invention.

Fig. 3B is another depiction of the general location of an
obstruction detection system in relation to the front window frame of the
automobile shown in Fig. 1 in accordance with the invention.

Fig. 4 is a depiction of a preferred obstruction detection module
in accordance with the invention.

Fig. 5A is a top view of a segmented optical detector in accor-
dance with the invention.

Fig. 5B is a graph of reflected light intensity across the horizon-
tal length of the segmented optical detector shown in Fig. 5A.

Fig. 5C is an expanded graph of the sharp light intensity change
of Fig. 5B and the spatial filtering algorithm of the invention.

Fig. 6 is a depiction of a portion of the segmented optical
detector of Fig. 5A and the preferred logic blocks for implementing the spatial
filtering algorithm in accordance with the invention.

Fig. 7 is a general schematic diagram of one embodiment of the
obstruction detection system that includes a segmented optical detector and
signal processor in accordance with the invention.

Fig. 8 is a top view of a segmented optical detector in accor-
dance with the invention.

Fig. 9 is a depiction of the segmented optical detector of Fig. 8
in conjunction with a functional block diagram of a signal processor in
accordance with the invention.

DETAILED DESCRIPTION

Referring to Fig. 1, the preferred embodiment of the present
invention is described in terms of an optical system for detecting an
obstruction between an open window 10 and a window frame 12 of an
automobile 14. Detecting an obstruction within the plane defined by the
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window and window frame is especially important in automobiles having
power windows that can completely close by momentarily activating a button.
If there is no means for detecting whether or not there is an obstruction, such
as a person’s finger, in the path of the window, the obstruction may become
pinched between the closing window and the window frame.

Fig. 2 is a general block diagram of an obstruction detection
system that utilizes optical detection to prevent inadvertent window pinching.
The obstruction detection system comprises an optical emitter 20, a
segmented optical detector 22, and a signal processor 24. The obstruction
detection system is connected to a window motor controller 26 and a window
motor 28, so that closing of a window can be halted if an obstruction is
detected. In an embodiment, the optical emitter may be, for example, one or
more light emitting diodes (LEDs) or one or more lasers. LEDs are preferred
when wide beams (measured perpendicular to the window plane) are desired
and lasers are preferred when narrow beams are desired. The segmented
optical detector is an array of photodiodes. Examples of detection systems
having different detector segmentation arrangements are described in further
detail below.

In the preferred embodiment, both the optical emitter 20 and
the segmented optical detector 22 are located in the same corner of a window
frame. The optical emitter generates light toward the interior of the window
frame. The segmented optical detector receives those portions of the emitted
light energy that are reflected by the interior of the window frame, by an
obstructing object, and/or by other nearby objects or surfaces. Light that is
reflected from the interior of the window frame and/or from other nearby
objects that are not obstructing closure of the window is generally referred to
as background and/or interfering light. The background/interfering light
creates background/interfering electrical signals upon impacting the optical
detectors. The background/interfering signals must then be distinguished
from signals that are caused from objects that are obstructing the window. In
a preferred embodiment of the invention, there is no special surface on or
near the window frame for reflecting light, but other embodiments may utilize
such a surface.

The signal processor 24 may comprise a general-purpose
microprocessor, a digital signal processor, an application-specific integrated
circuit (ASIC), or other processing means. The signal processor may be
located near the optical emitter 20 and the segmented optical detector 22, or
it may be remotely located. For example, if there is sufficient processing
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power elsewhere within the automobile, signals from the segmented optical
detector may be processed by a general-purpose processor that also per-
forms other functions. The required processing may also be split between a
processor located near the optical detector and a remote processor.

The signal processor 24 generally detects differences in the
amount and pattern of light that is reflected when there is an obstruction in
the plane of the window versus the amount and pattern of light that is
reflected when there is no obstruction in the plane of a window. In the
present invention, the segmented optical detector 22 and signal processor 24
combination must be able to discriminate small signal changes (potentially in
the nano-watt range) from constant background signals (potentially in the
micro-watt range). If the signal processor determines that there is an
obstruction in the window plane, it generates a signal that is used to disable
or reverse the window motor that provides the power for closing the window.
The detection algorithm utilized by the signal processor depends on the
segmentation arrangement utilized by the detector. Signal processcr designs
specific to the different detector arrangements are described in further detail
below.

Fig. 3A illustrates the general location of an obstruction
detection system 36 in relation to the front window frame 12 of the automobile
14 shown in Fig. 1. The obstruction detection system generates light znargy
that propagates away from the obstruction detection system, toward the
inside of the window frame. The pattern of illumination 38 created by the
obstruction detection system preferably defines a two-dimensional arc in the
plane of the window. At a minimum, the illumination pattern covers the upper
portion of the window frame, where a small object would be pinched as the
window engages the window frame. In order to reduce false detections, the
light energy should generally be restricted to a plane generally defined by the
window frame. It has been found that the strength of signals returned to the
detection system generally follows the relationship I/R? where | is the signal
intensity and R is the distance from the detection system to a given point on
the window frame. Given the I/R® relationship, the light intensity pattern is
preferably distributed within the window plane to provide more constant return
signals to the detection system. In one embodiment, a laser source of 0.5 W
is utilized with approximately 20% of the laser’'s power being distributed within
+5 degrees of a center axis 40 that travels from the lower front corner of the
front window to the upper back corner of the front window.
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The dashed lines in Fig. 3A generally show the shape of the
illumination pattern 38. However, Fig. 3A is not intended to show the extent
of the illumination. In order to provide complete detection coverage, the light
energy must extend to the far corner of the window frame. In one embodi-
ment, light emitted from a single optical emitter is tailored to the geometry of
the window frame. That is, higher intensity light is directed to the areas of the
window frame that are furthest away from the obstruction detection system
36. In another embodiment, multiple optical emitters are utilized to create a
distribution of light that is tailored to the window frame. Although the obstruc-
tion detection system is located in the lower (A pillar) corner of the window
frame, the system can-be placed in alternate locations, such as the upper
(B pillar) corner of the window frame. Fig. 3B is a depiction of the abstruction
detection system 36, and the illumination pattern 38 in relation to the window
frame 12 when the obstruction detection system is located in the upper (B
pillar) corner of the window frame.

Fig. 4 shows the components of a preferred obstruction detec-
tion moduie 50. The obstruction detection module 50 comprises an optical
emitter 52, a segmented optical detector 54, an optional transmit power
detector 56, a printed circuit board 58, a transmit lens 60, a receiver lens 62,
a fan generator lens 64, and an infrared pass filter 66. In this embodiment,
the optical emitter is a laser, which provides greater control over the illumina-
tion pattern than an LED. In particular, use of a laser allows a larger propor-
tion of the total light energy to be directed toward the far corner of the window
frame 12 shown in Figs. 3A and 3B. This increases the signal-to-noise ratio
for detecting obstructions in the far corner region of the window frame, which
is desirable because of the increased distance between the detection module
50 and the far corner o1 the winaow frame. 1ne ransmit Iens and tne 1an
generator lens direct the light from the optical emitter and further define the
illumination pattern. In a preferred embodiment, the optical emitter is aligned
to project and detect light that travels in the plane that is just inside the closed
window. Other alignments are possible and alignment tolerances must be
considered. Alignment tolerances must be considered because it is difficult to
have exactly uniform alignment on each installation and because the
alignment may be slightly changed after installation from slamming doors and
such.

The optical transmit power detector 56 may comprise a
photodiode, which detects and monitors the intensity of light generated by
the optical emitter 52. The transmit power detector provides an indication
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of the overall intensity of light that is generated by the optical emitter and
subsequently transmitted through the transmit lens 60 and the fan generator
lens 64. Monitoring the transmit power allows the signal processor 24 to
normalize the signals that are received by the segmented optical detector 22
and 54 to account for fluctuations in transmit power.

In the obstruction detection module 50 of Fig. 4, the light 68
generated by the optical emitter 52 and the light 70 received by the seg-
mented optical detector 54 is preferably in the infrared region of the light
spectrum. The infrared pass filter 66 allows infrared light to pass through to
the detector, but generally blocks light within other wavelength bands. This
aspect of the invention reduces the effect that other light sources have on the
signals generated by the segmented optical detector. The receiver lens 62
focuses received light onto the segmented optical detector.

As mentioned above, the obstruction detection system is prefer-
ably implemented with either one of two segmented detector arrangements.
The first segmented detector arrangement includes optical detector elements
that are generally perpendicular to the window plane and the second seg-
mented detector arrangement includes optical detector elements that are
generally parallel to the window plane. Both segmented detector arrange-
ments include signal processors that are specific to the particular detector
arrangement.

Fig. 5A illustrates a top view of one arrangement of the
segmented optical detector 74 of Figs. 2 and 4 in greater detail. Fig. 5A
ilustrates a layout of a segmented optical detector that includes a series
of segmented detector elements 76 that are segmented such that the
detector elements are generally perpendicular to the window plane and
interconnecting conductive traces 78. There are four separate traces 78,
each connected to a different signal pad 82, 84, 86, and 88. Each detector
element 76 is connected to one and only one signal pad by a respective
trace. The leftmost optical detector element is connected to signal pad 86,
the next optical detector element (to the right) is connected to signal pad 88,
the next optical detector element is connected to signal pad 84, and the next
optical detector element is connected to signal pad 82. This pattern is
repeated throughout the segmented optical detector. The detector elements
are spaced apart at distances that optimize the detection of a small object,
such as a finger. In an embodiment, the detector elements are separated at
a pitch of 250 microns. The segmented optical detector is oriented, with
respect to the window plane, such that the lengthwise (horizontal) dimension
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of the detector is in the same plane as (generally parallel to) the window
frame, and such that the segmented detector elements are generally
perpendicular to the window plane. In a preferred embodiment, an
obstruction detection system utilizing the perpendicular detector elements is
located in the upper B pillar corner of the window. This is preferred because
the perpendicular detectors are less adept at compensating for direct sunlight
contact. Although Fig. 5A represents one example of a segmented optical
detector with perpendicular detector elements, other segmented detector
arrangements having generally perpendicular detector elements are possible.

Fig. 5B is an example of a graph of reflected light intensity 92
across the horizontal length (x-axis) of the segmented optical detector. As
shown, the intensity of light varies gradually over the majority of the detector.
However, the light intensity has a sharp increase 94 caused the reflection of
emitted light by a small object that is located in the plane of the window. The
small object may be a finger that extends through an open window in the
plane defined by the window and the window frame.

A significant problem in detecting the presence of a small object
involves distinguishing sharp changes in light intensity, such as shown in Fig.
5B, from gradual spatial changes in light intensity. For example, the overall
change in light intensity may be the same for a gradual change (e.g., caused
by the window moving near the beam) and for a sharp change (e.g., caused
by a finger in the window plane), yet, when applied to obstruction detection, a
response is typically desired only for a sharp change in light intensity. Most
often, gradual changes in light intensity are the result of interference from
direct sunlight or scattered light from a nearby large object or from a closing
window. A spatial filtering algorithm is implemented in conjunction with the
segmented optical detector in order to distinguish gradual changes in light
intensity from sharp changes in light intensity.

Referring to Fig. 5C, which includes an expanded graph of the
sharp light intensity change 94 of Fig. 5B, the spatial filtering algorithm
involves summing the signals received from different combinations of the
segmented detector elements and then comparing the sums. The algorithm
involves comparing the sum of {(A+B)-(C+D)} to the sum of {(A+D)-(C+B)}.
Fig. 5C shows the reflected light intensity on the A, B, C, and D detector
elements for a portion of the total elements. Referring to the first summing
line, A+B is the sum of the signals from the A, and B, elements. C+D is the
sum of the signals from the C, and D, elements. As shown in Fig. 5C, the
sum of optical energy received by the combined elements of A;+B, is
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approximately equal to the sum of optical energy received by the combined
elements of C,+D,, and therefore the difference between the two sums is a
small response.

In contrast, referring to the second summing line, A+D is the
sum of the signals from detector elements D, and A,, both of which are
receiving relatively low intensity reflected light. C+B is the sum of the signals
from the detector elements B, and C,, both of which are receiving relatively
high intensity reflected light. The difference between the sums gives a high
response, thereby identifying a small object that is reflecting light onto the
segmented detector array. It should be noted that although the summing
algorithm is described with reference to only four detector elements, in opera-
tion, the sums are combined measurements of all of the connected detector
elements. That s, the signal related to the “A” signal pad includes the
reflected light that is incident on all of the A detector elements (e.g., A,+A, ...).
Likewise, the signals on the B, C, and D signal pads include the reflected light
that is incident on all of the B, C, and D detectors respectively (e.g., B,+B, ...,
C,+C, ..., D;+D, ..). In a preferred embodiment, signal response is optimum
for light intensity spikes that span less than the width of two detector
elements.

Fig. 6 is a depiction of a portion of the segmented optical
detector 74 of Fig. 5A and the preferred logic blocks for implementing the
spatial filtering algorithm. The A, B, C, and D segmented detector elements
are initially connected to signal amplifiers 88 and then to a processing block
100 that performs the two sum and difference functions {(A+B)-(C+D)} and
{(A+D)-(B+C)}. The results of the two functions are forwarded to absolute
value units 102 and 104, where the absolute value of each function is
obtained. The absolute values are then transmitted to a summing unit 105
and a comparator 106 and compared to a reference signal in order to
determine if either signal deviates from the reference signal enough to trigger
a response that represents an obstructing object. The preferred logic blocks
are incorporated into the signal processor.

Although not shown in Fig. 8, the signal processor may include
a gain calibration function. The gain calibration function adjusts the fiitering
algorithm values to zero in an initial start up routine. Gain calibration may be
accomplished by, for example, multiplying a sum values by a calibration
constant. ‘

Fig. 7 is a general schematic diagram of one embodiment of
the obstruction detection system. The segmented optical detector 110 is
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represented in relation to the signal processor 112 as four discrete photo-
diodes, although, in the preferred embodiment, the detector comprises a
repeating array of detector elements, as illustrated in Fig. 5A. Schematic
diagrams of the optical emitter 114 and the transmit power monitor 116 are
also shown in relation to the signal processor. In the preferred embodiment,
the optical emitter emits light having a relatively narrow beam width in the
direction that is perpendicular to the window plane.

Within the signal processor 112, Fig. 7 illustrates a summing
network 111 and operational amplifiers (op amps) 118, 120, and 122. Op
amp 118 generally provides the difference between the signal sums at pads
82 and 84 and pads 86 and 88. Op amp 120 generally provides the
difference between the signal at signal pad 86 and the signal at signal pad
88. Op amp 122 generally sums the outputs from op amps 118 and 120.
Additional functional units within the signal processor may include a bias
circuit 124, a regulator 126, a peak detection unit 128, a power monitoring
subsystem 130, a transistor driver 132, and a temperature reference circuit
134. Additional functional units which may support the obstruction detection
system include a microcontroiler 136, EEPROM 138, an external /0 unit 140,
and a voltage regulator 142. As with Fig. 6, gain control may be incorporated
into the system.

The combination of the structure of the segmented optical
detector 110 and the operations performed by the op amps 118, 120 and 122
generally provides the spatial filtering algorithm that is described above.
According to the spatial filtering algorithm, an object that affects the
magnitude of reflected light over a relatively small angle of the illumination
pattern (a narrow effect) is emphasized, while an object that affects the
magnitude of reflected light over a relatively large angle of the illumination
pattern (a broad effect) is not. A thin object placed perpendicular to the plane
of the window within the window frame produces a narrow effect, while a
large object placed within the window frame produces a broad effect. For a
broad effect, the change in intensity of reflected light is detected at a number
of groups of detector elements. Because the signals from adjacent detector
elements are effectively subtracted from one another, such a gradual change
is generally canceled out, so that the output of op amp 122 generally does not
reflect a broad effect. For a narrow effect, on the other hand, the change in
intensity of reflected light is detected at just a few detectors. Such a change
will not be canceled out by the filtering algorithm function, so the output of op
amp 122 reflects the change in intensity of reflected light.
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The spatial filtering algorithm implemented by the obstruction
detection system is advantageous because, as stated above, the primary
concern for the preferred embodiment of the invention is a finger being placed
in the path of a window that is being automatically closed. In this case, there
would be a narrow effect on the reflection pattern and the obstruction would
be detected. In contrast, many situations that could cause an incorrect
determination that the path is obstructed involve a relatively broad effect on
the reflection pattern. For example, the window itself may alter the reflection
pattern as it is closed, which could cause the segmented optical detector to
conclude that there is an obstruction. Due to its shape, the window could
cause a broad effect on the reflection pattern, however the filtering algorithm
de-emphasizes this effect. Thus, the filtering algorithm tends to decrease the
likelihood of a false detection of an obstruction and increase the likelihood of
correctly detecting a reai obstruction.

Fig. 8 illustrates another top view of one arrangement of a
segmented optical detector of Figs. 2 and 4. The detector of Fig. 8 is a
segmentea optical detector 150 that includes an array of detector elements
152 and 154 that are segmented such that the detector elements are
generally parallel to the window plane. On one side (top of Fig. 8) of the
detector, there are muitiple narrow detector elements 152 that are spaced
closely together. On the opposite side (bottom of Fig. 8) of the detector, there
is a single wide detector element 154. Each of the detector elements is
individually connected to a signal pad 156 so that each detector element can
be individually sampled by the signal processor. In a preferred embodiment,
the detector is oriented such that the multiple narrow detector elements are
closest to, and in parallel with, the window plane. In addition, the detector is
oriented, with respect to the optical emitter, such that the detector receives
light that is reflected from the window frame and any obstructing objects. In a
preferred embodiment, an obstruction detection system utilizing the parallel
detector elements is located in the lower A pillar corner of the window. The
parallel detector elements are adept at compensating for direct sunlight
contact because individual detectors that are in contact with direct sunlight
can be individually turned off or suppressed. Although Fig. 8 represents one
example of a segmented optical detector with paralle! detector elements,
other segmented detector arrangements are possible.

The narrow detector elements 152 are provided to prevent false
detections that may be caused by the motion of a closing window or by direct
exposure to sunlight. The narrow detector elements restrict false detections
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of a closing window by providing increased sensitivity to changes in optical
energy in the transversal direction. The narrow detector elements reduce
the likelihood of false detections caused by direct exposure to sunlight by
enabling a specific detector element to be deactivated or ignored when the
specific element is in direct contact with sunlight. That is, if the outermost
narrow detector element is exposed to direct sunlight, the detector element
can be ignored. In addition, the signature of light intensity changes resulting
from window closure can be recognized as the intensity changes from one
detector element to the next, especially for interference that comes from
outside of the automobile, or that is caused by a closing window. While the
parallel segmented detector can compensate for interference that is incident
on the narrow detector elements, the wide detector element enables good
sensitivity to objects entering the window plane from inside the automobile
(e.g., a finger from a passenger).

Fig. 9 is a depiction of the segmented optical detector 150, an
optical emitter 160, and a transmit power detector 162 in conjunction with a
functional block diagram of the signal processor 164. The first functional
block 166 within the signal processor controls detector switching and solar
detection. Within the functional block, signals can be detected from the
detector elements 152 and 154 one at a time or in combination. In addition,
detector elements exposed to direct sunlight can be turned off during the
direct exposure in order to minimize interference. The signal processor also
includes a preamplifier 168, a high pass filter 170, a comparator 172, and a
peak detector 174 that process signals from the segmented optical detector.

The optical emitter 160 and the transmit power detector 162
are connected to a microprocessor 176 through the signal processor 164.
Signals from the transmit power detector are compared to signals from the
segmented detectors after being passed through a multiplier 178. The
multiplier is set such that the gain of the transmit signals are equal to the
return signal through the segmented detector when no obstruction is present.
The multiplier constant can be adjusted, as needed, to compensate for long
term drift in the electronics. Providing real-time feedback concerning the
initial transmission power of the light reduces the chances of falsely detecting
an obstruction when the light transmission power abruptly changes. The
optical emitter is connected to the microprocessor through a transistor driver
180. The light emitter utilized with the parallel detector element arrangement
preferably emits light that is wider (measured perpendicular to the window
plane) than the light emitted for the perpendicular detector element arrange-
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ment. The wider beam provides reflected light that is better distributed across
the segmented parallel detector elements.

Although the obstruction detection system has been described
as utilizing either perpendicular or parallel detector elements, an obstruction
detection system may include both perpendicular and paralle! detector
elements in a single module. A system utilizing a hybrid approach provides
the benefits of high sensitivity to smalil objects that is provided by the
perpendicular detector elements with the good sunlight compensation that is
provided by the parallel detector elements. A hybrid signal processor is easily
implemented in an ASIC because the basic‘building blocks within each of the
two described signal processors are similar.

Although the obstruction detection system utilizing segmented
detector arrays has been described with reference to automobile windows,
the detection system can also be applied to obstruction detection within other
defined areas. For example, the detection system may be applied to
automatically closing doors either in automobiles or other structures. The
obstruction detection system may also be applied to security systems such as
building security systems. Specifically, the system may be applied to a
window where the segmented detector elements and processor are
configured to compensate for moving curtains or other disturbances.
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WHAT IS CLAIMED IS:;

1. A power window system comprising:

a window frame;

a window body movably disposed within said window frame,
said window body and said window frame generally defining a window plane;

a window motor connected to move said window body within
said window frame;

an optical emitter, oriented with respect to said window frame
and said window body to emit optical energy within said window plane;

an optical detector having segmented detector elements that
are oriented with respect to said optical emitter to detect reflected portions of
said optical energy from said optical emitter, said optical detector having a
plurality of outputs associated with said segmented detector elements for
outputting electrical signals in response to detection of said reflected portions
of said optical energy; and

means for processing said electrical signals from said plurality
of outputs to determine the presence of an obstructing object within said
window plane.

2. The power window system of claim 1 further including means, operatively
associated with said processing means and said window motor, for
suspending closure of said window body when said processing means
indicates the presence of said obstructing object within said window plane.

3. The power window system of claim 1 wherein said optical emitter includes
a fan generator lens that distributes said emitted optical energy in the general
pattern of a fan within said window plane.

4. The power window system Cf ciaim 1 wherein said optical emitter includes
a fan generator lens that distributes optical energy such that the intensity of
reflected light is generally constant when received at said optical detector.
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5. The power window system of claim 1 wherein said optical emitter and said
Gplicai deiector are lecated together in a corner of said window frame.

6. The power window system of claim 5 wherein said optical emitter and said
optical detector are located together in either the lower A pillar corner or the
upper B pillar corner of said window frame.

7. The power window system of claim 1 wherein said optical detector has
segmented detector elements that are generally perpendicular to said window
plane.

8. The power window system of claim 7 wherein said segmented detector
elements include a repeating pattern of commonly connected detector
elements.

9. The power window system of claim 8 wherein said processing means
includes means for performing a filtering algorithm that distinguishes electrical
responses to small obstructions in said window plane from electrical
responses caused by objects that are not obstructing said window piane.

10. The power window system of claim 1 wherein said optical detector has
segmented detector elements that are generally in parallel with said window
plane.

11. The power window system of claim 10 wherein said processing means
includes means for identifying an active one of said segmented detector
elements and for deactivating said segmented detector elements that are in
direct contact with sunlight.
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12. The power window system of claim 11 further including a transmit power
monitor that is in optical contact with said optical emitter and in electrical
contact with said processing means, said transmit power monitor naving an
output for generating electrical signals representative of an intensity of said
optical energy emitted from said optical emitter, and said processing means
including means for comparing said electrical signals from said plurality of
outputs to said electrical signals from said transmit power monitor.

13. A detection system for detecting the presence of an object within a
defined plane comprising:

means for emitting optical energy within said defined plane;

an optical detector having segmented detector elements, said
optical detector being oriented generally parallel to said defined plane and
said segmented detector elements being oriented generally perpendicular to
said defined plane, said optical detector being oriented with respect to said
emitting means such that portions of said emitted optical energy can be
detected by said segmented detector elements upon a single reflection of
said emitted optical energy; and

means for processing signals from said segmented detector
elements such that gradually varying optical energy incident on said detector
elements is distinguished from sharply varying optical energy incident on said
detector elements.

14. The detection system of claim 13 wherein said segmented detector
elements form a repeating pattern of segmented detector elements that are
connected to form detector groups of connected elements.

15. The detection system of claim 14 wherein each of said detector groups
has a single output that is connected to said processing means.
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16. The detection system of claim 15 wherein said processing means
includes means for adding and subtracting signals from different
combinations of said detector groups.

17. A power window system comprising:

a window frame,;

a window body movably disposed within said window frame,
said window body and said window frame generally defining a window plane:

means for distributing optical energy throughout an upper
portion of said window frame and within said window plane;

an optical detector having a plurality of segmented detector
elements that are oriented with respect to said distributing means to detect
reflected portions of said optical energy from said distributing means, said
plurality of segmented detector elements having outputs for outputting
electrical signals in response to detection of said reflected portions of said
optical energy; and

means, connected to said outputs, for distinguishing interfering
optical energy that is incident upon said plurality of segmented detector
elements from optical energy that is reflected from an object that is located
within said window plane and obstructing closure of said window body.

18. The power window system of claim 17 wherein said detector elements
are segmented such that said elements are generally perpendicular to said
window plane and divided into detector groups, said detector elements in said
detector groups being electrically connected to common outputs, and said
distinguishing means including circuits for spatially filtering said output
electrical signals in order to detect small obstructing objects within said
window plane.
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19. The power window system of claim 17 wherein said detector elements
are segmented such that said elements are generally parallel to said window
plane, said optical detector having narrow segmented detector elements
along one side of said optical detector and having relatively wide segmented
detector elements, as compared to said narrow elements, along the opposite
side of said optical detector, and said distinguishing means including means
for deactivating segmented detector elements that are in direct contact with
sunlight.

20. The power window system of claim 17 wherein a first portion of said
detector elements are segmented such that said elements are generally
perpendicular to said window plane and divided into detector groups, said
detector elements in said detector groups being electrically connected to
common outputs, and said distinguishing means including circuits for spatially
filtering said output electrical signals in order to detect small obstructing
objects within said window plane, and wherein said portion of said detector
elements are segmented such that said elements are generally paralilel to
said window plane, said optical detector having narrow segmentec detector
elements along one side of said optical detector and having relatively wide
segmented detector elements, as compared tc said narrow elements, along
the opposite side of said optical detector, and said distinguishing means
including means for deactivating segmented detector elements that are in
direct contact with sunlight.
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FIG. 3A
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FIG. 3B
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FIG. 4
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