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FIG 1

(57) Abstract: The invention relates to an integrated light and occupancy sensor device having an overall angular field of view,
comprising an array of modified LED elements; a segmented filtering aperture means having a slit aperture defined by a slit length
and a slit width that is significantly smaller than the array length, the slit aperture means positioned at a distance away from the lin -
ear array and so oriented that the slit length crosses the array in a transverse direction; and a processor operably connected to said ar -
ray to process light data values corresponding to the light signals, the processor operable in first and second modes, in the first mode
the processor determining from the light data values a quantity representing an average measure of the light incident on the linear ar -
ray, and in the second mode the processor determining from light data values acquired at different times for corresponding light
sensitive elements to detect the existence of an object motion within the overall angular field of view of the sensor.
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Description

AN IMPROVED OCCUPANCY SENSOR DEVICE

FIELD OF THE INVENTION

The present invention relates to ambient light and robust mo-
tion detection sensors and, more particularly, to an inte-
grated robust occupancy sensors with the use of an array of
light emitting diodes which double as photo receivers having
improved ambient light sensing and occupancy sensing capa-

bilities.

BACKGROUND OF THE INVENTION

Occupancy sensors have been manufactured using either ultra-
sonic devices or passive infrared receivers. These sensors
are not very robust and need to be tweaked. Ultrasonic sen-
sors consume energy and passive infrared sensors can be con-
fused by several external agents.
Cameras can also be used to detect human / vehicle presence,
but they have the following problems.

a) Lesser light detection capabilities hence need external

lighting thereby consuming power. IR cameras that do not

need external lighting are very expensive.
b) lower field of view
c) No flexibility in form factor.

Architectural lighting systems may be controlled by elec-
tronic systemsg that activate the luminaires into an on or off
condition depending on the presence of occupants in the room

and by systems that adjust the luminaire light levels depend-
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ing on the amount of present ambient light, which may include

both natural and artificial light.

Systems that activate the luminaires into the on or off con-
dition depending on the presence of occupants in the room
typically reguire an occupancy sensor to detect the presence
of a person or persons within the room. The two most commonly
used types of occupancy sensors are passive infrared detec-

tors and ultrasonic transceivers.

Passive infrared detectors are sensitive to warm objects such
as human bodies that radiate most of their thermal energy in
the far region of the infrared spectrum between 6 to 10 mi-
crons. The detector is sensitive to sudden changes in the
amount of the far infrared light it receives and produces a
small electrical voltage as its temperature changes by a few
thousandths of a degree. Once thermal equilibrium is reached
the detector no longer produces any electrical signal. By us-
ing an array of lenses, the sensitivity of the detector is
divided into several zones. A person moving across the field
of view of the detector will cross one or more of these
zones, so that the change in amount of received thermal en-
ergy as the person moves from zone to zone will produce a

changing electrical voltage that can be detected.

One disadvantage of this type of sensor is that a person must
be moving in order to be reliably detected. If an occupant
gsits or stands relatively motionless for a few minutes, a
passive infrared occupancy sensor is unable to detect the
presence of the occupant and may turn the luminaires off if
there is nobody else in the room. Another disadvantage of
this type of sensor is that the plastic Fresnel lens arrays
typically used are relatively large, typically at least 15 mm

in diameter. This is so because the only common plastic mate-
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rial that is transparent in the far infrared region is poly-
ethylene. Polyethylene is a relatively soft plastic, which
makes it difficult to mold small-scale features onto its sur-
face. Yet another disadvantage of this type of sensor is that
images formed by the array of lenses overlap and thereby re-
duce the contrast of individual images. Consequently, the
separation of the sensor field of view into zones is not com-

plete.

Other disadvantages of such a sensor include the fact that it
is very sensitive to thermal drafts and other sudden changes
in ambient air temperature, acoustic disturbances, and radio
frequency interference. Thus, false triggering of the lumi-
naires may occur by placing the sensor too close to an air
vent in a room, by mechanical vibrations and loud sounds, or
by transient RFI signals produced by power electronics used
in architectural lighting systems controls. Furthermore, pas-
sive infrared detectors have an effective range of approxi-
mately twenty feet (six meters) when used in architectural
occupancy sensors. This is so because, for distances greater
than twenty feet, the amount of thermal energy radiated by a
human body is insufficient to be reliably detected against
the background thermal radiation from other surfaces in the

room.

The other most common type of occupancy sensor is an ultra-
gsonic transceiver. Ultrasonic transceivers consist of an ul-
trasonic transmitter that emits bursts of high-frequency
sound, and an ultrasonic receiver that listens for the echoes
from nearby surfaces. If a person or other object moves be-
tween these bursts, the intensity and duration of the echoes

will change.
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A disadvantage of ultrasonic transceivers is that multiple
ultrasonic transceivers within a room can interfere with each
other's operation. This is so because there is no easy means
of distinguishing the echoes from a transmitted ultrasonic
burst from those bursts emitted by other units. Ultrasonic
detectors may also inadvertently detect movement outside of
their intended field of view within a room because of ultra-
gsonic echoes from multiple reflections within a room and ad-
joining spaces, such as hallways. Another problem with ultra-
gsonic detectors is that large and bulky receiver hornsg are

necessary to limit the field of view to specific angles.

Given these limitations, some occupancy sensor manufacturers

have recently

resorted to using complex and relatively expensive digital
signal processors that are programmed to analyze the received
train of ultrasonic echoes and filter out background noise.
They and other manufacturers also offer combination occupancy
sensors that include both passive infrared detectors and ul-
trasonic transceivers. These devices produce an output, typi-
cally a low voltage signal or an electromechanical relay clo-
sure, only if both sensors detect movement within their re-

spective fields of view.

Systems that adjust the luminaire light levels depending on
the amount of present ambient light require a light sensor to
monitor the ambient light present in the room. There are two

types of commonly used ambient light sensors.

One type of ambient light sensor is a light-dependent resis-
tor. This type of sensor is constructed from a thin film of

cadmium sulfide or similar material whose electrical resis-
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tance varies in relation to the amount of light incident on
it. The spectral sensitivity of a light-dependent resistor
closely matches that of the human wvisual system. Light-
dependent resistors are most often used as daylight sensors
in outdoor motion detectors to ensure that security lumi-

naires are not activated during daylight hours.

Another type of ambient light sensor is a silicon photodiode.
Silicon photodiodes are silicon-based semiconductors that
produce a small electric current when exposed to light. By
themselves, silicon photodiodes are more sensitive to near
infrared light (0.9 micron) than they are to visible 1light
(0.4 to 0.7 micron). However, suitable glass or plastic fil-
ters can be used to filter the incident light and produce
sensors whose spectral sensitivity more closely matches that
of the human wvisual system. These filters are typically
mounted directly on the sensor housing by the sensor manufac-

turer.

A disadvantage of both light-dependent resistors and silicon
photodiode sensors is that they produce analog output sig-
nals, whereas most sophisticated monitoring and control sys-
tems for architectural lighting are based on digital computer
control. In these cases, an analog-to-digital converter is
required to convert the analog output signals from the ambi-

ent light sensors into equivalent digital signals.

Video surveillance cameras may also be used for sophisticated
occupancy detection applications. Individual video frames can
be captured by a computer and guickly analyzed for changes
from previously captured images. However, these cameras re-
quire a considerable gquantity of electronics hardware to pro-

duce digital images from the analog video signal. A consider-
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able amount of computer processing power and memory is needed

to analyze the captured video frames.

While most video sensors are designed as rectangular arrays
of photodiode light sensors, some applications require linear
arrays. Examples include industrial machine vision systems,
bar code scanners, document scanners, and optical character
recognition systems. The primary disadvantage of linear pho-
todiode arrays is that they provide an image consisting of a
single line when used with one or more spherical lenses. This
is appropriate for their intended applications, where objects
are mechanically scanned past the field of view of the sen-
sor. It is not appropriate for occupancy sensors, however,
where a wide-angle field of view in two dimensions is typi-

cally required.

Various systems incorporating one or more infrared and/or
acoustical ranging sensors have been proposed for this pur-
pose; see, for example, the U.S. Patents 5,330,226 and
5,785,347. In general, such systems emit one or more beams of
infrared energy to define a corresponding number of viewing
fields, and receive

the reflected energy to detect the presence of an occupant
within the viewing fields. However, the information obtained
by such techniques is sometimes corrupted by other 1light
sources (such as reflected sunlight, or pulsed incandescent
light), and even under best conditions is typically insuffi-

cient to accurately classify the occupant type and position.

In another prior art a European specification EP1033290 from
DELPHI TECHNOLOGIES discloses an improved IR occupant posi-
tion detection system that provides accurate and reliable
classification and position information at a speed sufficient

to timely inhibit or otherwise control deployment of occupant
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restraints. A two-dimensional array of IR emitters is selec-
tively activated to periodically illuminate two or more pre-
determined viewing planes in the vicinity of a passenger
seating area, and the reflected IR energy is detected by a
photo-sensitive receiver and analyzed to detect the presence
of an occupant, to classify the occupant, and to identify and
dynamically track the position of the occupant's head/torso
relative to predefined zones of the passenger compartment.
Modulating the intensity of the emitted IR beams with a known
carrier frequency, band-pass filtering the received signal,
and synchronously detecting the filtered signal distinguishes
the reflected IR energy from other signals picked up by the

IR receiver.

OBJECTS OF THE INVENTION

An object of this invention is to provide an integral ambient
light and occupancy sensor that is based on a modified LED by
introducing a photosensitive material at the periphery and
capable of concurrent ambient light and object motion detec-

tion.

Another object of the present invention is to provide a modi-
fied LED, wherein the photosensitive material is active in

the spectrum outside the emission spectrum of LED.

A still another object of the invention is to provide such a
sensor that is cheaper and more energy savings from larger

aperture gize than regular camera based systems.

Yet another object of the present invention is to provide a
sensor capable of having a wide field of view and further

have higher robustness that the existing occupancy sensors.
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A further object of the present invention is to provide a
filtering aperture, which is transparent in the spectrum of
the emission of LED but has several areas opague in the spec-

trum of the photo receiver.

SUMMARY OF THE INVENTION

As per an exemplary embodiment of the present invention the
occupancy sensor disclosed herein has a flexible construc-

tion, i.e. the modified LED’s need not be in a single phase.

Further embodiment of the present invention provides such a
sensor that is insensitive to electrical and acoustic inter-

ference from architectural lighting systems.

As per yet another exemplary embodiment of the present inven-
tion the sensor is capable of sensing the depth estimation
(3D Camera), applications for surveillance and traffic moni-

toring.

The present invention is a sensor implemented with a single
light sensing device to detect ambient light levels and ob-
ject motion. The sensor comprises an array of modified LED’s,
positioned downstream of a segmented slit aperture device
comprising a single, segmented filtering aperture, the slit
length of which is oriented perpendicular to the length of
the linear array. The individual said LED’s

of the array provide motion detection capability in a direc-
tion perpendicular to the slit length. The slit aperture is
segmented along the slit length to form multiple zones of
gsensor light responsivity that provide motion detection capa-

bility in a direction parallel to the slit length.
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Further as an embodiment there is provided a programmed proc-
essor for the reconstruction of a higher resolution image of
the scene underneath the number of photo receivers in the LED

array.

An optional visible light filter positioned upstream of the
multiple slit aperture matches the spectral response of the
linear array of photodiodes to approximately that of the hu-

man visual system.

Accordingly, there is provided An integrated light and occu-
pancy sensor device having an overall angular field of view,
comprising an array of modified LED elements; a segmented
filtering aperture means having a slit aperture defined by a
slit length and a slit width that is significantly smaller
than the array length, the slit aperture means positioned at
a distance away from the linear array and so oriented that
the slit length crosses the array in a transverse direction;
and a processor operably connected to said array to process
light data values corresponding to the light signals, the
processor operable in first and second modes, in the first
mode the processor determining from the light data values a
quantity representing an average measure of the light inci-
dent on the linear array, and in the second mode the proces-
sor determining from light data values acquired at different
times for corresponding light sensitive elements to detect
the existence of an object motion within the overall angular

field of view of the sensor.

Additional objects and advantages of this invention will be
apparent from the

following detailed description of preferred embodiments
thereof which proceeds with reference to the accompanying

drawings.
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BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS

FIG. 1 illustrates a typical LED, which can be used as an ar-
ray to light large areas in accordance with the present in-
vention;

FIG. 2 illustrates a modified LED with a photosensitive mate-
rial at the periphery in accordance with the present inven-
tion;

FIG. 3 illustrates the LED array mounted on a panel and
placed over a filtering aperture in accordance with the pre-
sent invention;

FIG. 4 illustrates the LED array which can be shaped as a
bulb and can act as camera as an exemplary embodiment in ac-

cordance with the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The invention discusses the design of a robust occupancy sen-
sor with the use of an array of LED’s which double as photo

receivers.

According to the invention, prior art LEDg (which can be used
as an array to light large areas) are modified by introduc-
tion of a photo-sensitive material at the periphery, the
photo-sensitive material at the periphery, the photo-
sensitive material being active in the spectrum outside the
emission spectrum of the LED. Since the photo receiver is
sensitive outside the spectrum of emigssion of the LED, it

does not respond to the light emitted by the LED, but re-
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sponds the light from the external. In another embodiment,

the photo receiver can be placed adjacent to the LED.

As shown in figure-3, an array of such LEDg is mounted on a
panel in any form

desired. This panel is placed above a filtering aperture. The
filtering aperture is transparent in the spectrum of emission
of the LED but has several areas opaque in the spectrum of
the photo receiver. The photo receiver in each LED receives a
multiplexed value of the light emitted from the scene and the
entire scene can be reconstructed using photo receiver values
from several LEDg. There exist algorithms that allow for re-
constructing a higher resolution image of the scene under-
neath than the number of photo receivers in the LED array.
Also, the LED array need not be shpaed4d in a regular fashion.
The panel need not be planar.

Figure 4 shows another embodiments of such a device.

Advantages of the invention

» Cheaper and More Energy savings from larger aperture

gsize than regular camera based systems
» Higher robustness than existing occupancy sensors
» Wide field of view

» Flexible construction, the LEDs need not be in a single

plane!

» Possibility of depth estimation (3D camera), applica-

tions for surveillance and traffic monitoring.
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Patent claims

1. An integrated light and occupancy sensor device having
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an overall angular field of view, comprising:

an array of modified LED elements;

a segmented filtering aperture means having a slit aper-
ture defined by a slit length and a slit width that is
significantly smaller than the array length, the slit
aperture means positioned at a distance away from the
linear array and so oriented that the slit length
crosses the array in a transverse direction; and

a processor operably connected to said array to process
light data values corresponding to the light signals,
the processor operable in first and second modes, in the
first mode the processor determining from the light data
values a quantity representing an average measure of the
light incident on the linear array, and in the second
mode the processor determining from light data wvalues
acquired at different times for corresponding light sen-
gsitive elements to detect the existence of an object mo-
tion within the overall angular field of view of the

Sensor.

. An integrated 1light and occupancy sensor device as

claimed in claim 1 wherein the distance between said ar-
ray and the slit aperture means contributes to the over-

all angular field of view of the sensor.

. An integrated 1light and occupancy sensor device as

claimed in claim 1 wherein the LED is modified by the
introduction of photosensitive material at the periph-

ery.

. An integrated 1light and occupancy sensor device as

claimed in claim 3 wherein the photosensitive material
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13

is active in the spectrum outside the emission spectrum

of the LED.

. An integrated 1light and occupancy sensor device as

claimed in claim 4 wherein the photo receiver is placed

adjacent to the LED.

. An integrated 1light and occupancy sensor device as

claimed in claim 1 wherein the filtering aperture is
transparent in the sgpectrum of emigsion of LED and has
several areas opaque in the spectrum of the photo re-

ceiver.

. An integrated 1light and occupancy sensor device as

claimed in claim 1 wherein is array of LED’s are fixed

on a panel.

. An integrated 1light and occupancy sensor device as

claimed in claim 7 wherein the panel is not planar.

. An integrated 1light and occupancy sensor device as

claimed in claim 1 wherein the LED’s are not fixed in a

single panel.

An integrated light and occupancy sensor device as
claimed in claim 1 wherein the processor is programmed
for the reconstruction of a higher resolution image of
the object underneath the number of photo receivers in

the LED array.
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