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SENSIBLE MOTION DETECTOR

BACKGROUND

[0001] Many motion sensors available today are suitable primarily for security
purposes. For example, when a motion sensor detects motion, an alarm may sound,
or a light may turn on. Motion sensors are typically not used as a tool to measure or
infer a person’s daily activity.

[0002] A motion sensor with the ability to detect a patient and monitor the
patient’s movements, the frequency of those movements, and the habits of those

movements could assist caregivers or physicians responsible for the patient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] A better understanding of embodiments of the present invention can be
obtained from the following detailed description in conjunction with the following
drawings, in which:

[0004] Figure 1 is a block diagram of a wireless motion detection system
according to some embodiments.

[0005]  Figure 2is a diagram illustrating a motion sensing device according to
some embodiments.

[0006]  Figure 3 is a diagram illustrating a top view of a motion sensing device
according to some embodiments.

[0007]  Figure 4 is a diagram illustrating a side and front view of a motion sensing
device according to some embodiments.

[0008]  Figure 5 is a flow diagram illustrating detection and tracking of a subject
using a motion sensing device according to some embodiments.

[0009] Figure 6 is a diagram of an in-home motion detection system to monitor

patient presence and level of activity according to some embodiments.

DETAILED DESCRIPTION

[0010]  In the following description, numerous specific details are set forth.
However, it is understood that embodiments of the invention may be practiced

without these specific details. In other instances, well-known circuits, structures and
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techniques have not been shown in detail in order not to obscure an understanding

of this description.

a7 e

[0011] References to “one embodiment,” “an embodiment,” “example

e

embodiment,” “various embodiments,” etc., indicate that the embodiment(s) of the
invention so described may include particular features, structures, or characteristics,
but not every embodiment necessarily includes the particular features, structures, or
characteristics. Further, some embodiments may have some, all, or none of the
features described for other embodiments.

[0012]  In the following description and claims, the terms “coupled” and
“connected,” along with their derivatives, may be used. It should be understood
that these terms are not intended as synonyms for each other. Rather, in particular
embodiments, “connected” is used to indicate that two or more elements are in
direct physical or electrical contact with each other. “Coupled” is used to indicate
that two or more elements co-operate or interact with each other, but they may or
may not be in direct physical or electrical contact.

[0013] As used in the claims, unless otherwise specified the use of the ordinal
adjectives “first”, “second”, “third”, etc., to describe a common element, merely
indicate that different instances of like elements are being referred to, and are not
intended to imply that the elements so described must be in a given sequence, either
temporally, spatially, in ranking, or in any other manner.

[0014]  Various embodiments of the invention may be implemented in one or any
combination of hardware, firmware, and software. Embodiments of the invention
may also be implemented as instructions contained in or on a machine-readable
medium, which may be read and executed by one or more processors to enable
performance of the operations described herein. A machine-readable medium may
include any mechanism for storing, transmitting, and/or receiving information in a
form readable by a machine (e.g., a computer). For example, a machine-readable
medium may include a storage medium, such as but not limited to read only
memory (ROM); random access memory (RAM); magnetic disk storage media;

optical storage media; a flash memory device, etc. A machine-readable medium may

.
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also include a propagated signal which has been modulated to encode the
instructions, such as but not limited to electromagnetic, optical, or acoustical carrier
wave signals.

[0015] The term “wireless” and its derivatives may be used to describe circuits,
devices, systems, methods, techniques, communications channels, etc., that
communicate data by using modulated electromagnetic radiation through a non-
solid medium. The term does not imply that the associated devices do not contain
any wires, although in some embodiments they might not.

[0016] Figure 1 is a block diagram of a wireless motion detection system 100
according to some embodiments. The wireless motion detection system uses two
sensor technologies to sense motion, pyroelectric infrared (PIR) 110, and microwave
120.

[0017] A PIR sensor module 110 may include a PIR controller 112, a PIR sensor
114 and a PIR lens 116. The PIR lens 116 may in some embodiments be an adjustable
lens that is capable of zooming in or out on a specific region or subject. The PIR
controller 112 may control a zoom level of the PIR sensor 114 and the PIR lens 116, in
order to zoom in or out on a detected subject.

[0018] A microwave sensor module 120 may include a microwave controller 122,
a microwave sensor 124 and a microwave lens 126. The microwave lens 126 may in
some embodiments be an adjustable lens that is capable of zooming in or out on a
specific region or subject. The microwave controller 122 may control a zoom level of
the microwave sensor 124 and the microwave lens 126, in order to zoom in or out on
a detected subject.

[0019] The PIR lens 116 and the microwave lens 126 may in some embodiments
be Fresnel lenses. Use of a Fresnel lens may permit the system to distinguish
between a primary subject and a non-primary subject (a guest, co-habitants, etc.) by
measuring the height of the sensed objects. In some embodiments, the detected
image may be vertically enhanced by the master controller or by another processor
so that a height distinction can be made between two adults of different heights

and/or weights.
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[0020] A master controller 102 may be coupled to the PIR controller, sensor, and
lens, and to the microwave controller, sensor, and lens. The master controller may
be, for example, a microprocessor. The master controller may receive data from the
PIR sensor 114 and/or the microwave sensor 124, and based on the data received,
may direct the PIR controller 112 and/or the microwave controller 122 to zoom in on
a subject or area of motion by adjusting the position of one or more lenses and/ or
sensors. In some embodiments, the functionality of the PIR controller 112 and the
microwave controller 122 may be integrated into the master controller 102.

[0021] In some embodiments, the master controller 102 may determine based
upon data received from one or both sensors 114, 124 that one of the sensors is not
suitable for detecting motion at a particular time. For example, while the subject is
detected moving quickly around the room, PIR technology may not be suitable for
detecting the motion of the subject. Similarly, while the subject is still or moving
very slowly, microwave technology may not be suitable for detecting the motion of
the subject. If one sensor is not suitable for detecting the type of motion that is
occurring, the sensors may operate independently of one another, and the master
controller may choose to receive data from only one sensor while placing the other
sensor in a low power or sleep mode. Additionally, if the subject is out of range of
one sensor, that sensor may be placed in a low power mode while the other sensor is
used to track the subject, sending data to the master controller for processing,.

[0022]  If both sensors are suitable for detecting the type of motion that is
occurring, the sensors may operate interdependently, and the master controller may
receive data from both the PIR and microwave sensor simultaneously. In an
interdependent mode, the master controller may localize the motion sensed by
comparing simultaneous inputs across the two sensor technologies by converting the
difference in motion timing and intensity into spatial coordinates. These spatial
coordinates may be used to direct the lenses to zoom in or out on the area of motion.
[0023] The master controller 102 may be coupled to a network interface 130. The
network interface 130 may be a wired or wireless interface. In some embodiments,

the network interface is a wireless interface including an antenna 132. In some
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embodiments, the antenna 132 may be a dipole antenna. The network interface 130
may enable wireless communication between the motion detection system and other
systems or devices. For example, the system may transmit data related to the
movements of a primary subject to a computer or handheld device belonging to a
remote caregiver or to a physician. This information may then be used by the
remote caregiver or physician, for example, to ensure that the subject is functioning
normally and/or is performing routine daily tasks.

[0024]  Figure 2 is a diagram illustrating a motion sensing device 200 according to
some embodiments. The motion sensing device 200 is enclosed in a housing that
includes a housing top 220, a housing bottom 222, and a housing front 224. The
housing front 224 may include housing windows 226 to allow each of two motion
sensors to sense motion outside of the housing,.

[0025] As described above with respect to Figure 1, the motion sensing device 200
includes two sensors, a PIR sensor 202 and a microwave sensor 206. The PIR sensor
202 and the microwave sensor 204 may be mounted on a vertical plate 203 within the
housing, and may be separated by a distance, d. In some embodiments, the sensors
may be separated by a distance, d, of approximately 3.5 cm, however it should be
recognized that other separation distances may also be used. The separation
distance may give the motion sensor technologies the ability to target motion that is
outside of the others’ range plane or field of view. Depending on the location of the
subject and the subject’s activity level, either a single motion sensor technology may
be used to track the subject or dual motion sensor technology may be used to track
the subject.

[0026] The motion sensing device 200 also includes two lenses, a PIR lens 204
associated with the PIR sensor 202, and a microwave lens 208 associated with the
microwave sensor 206. In some embodiments the PIR lens 204 and the microwave
lens 208 may be Fresnel lenses.

[0027] In some embodiments, the PIR lens 204 and the microwave lens 208 may

be connected to one another at a hinged joint 212. The hinged joint 212 may be
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configured to control the angle and/ or the position of the lenses 204, 208 with
respect to each other and/or the sensors 202, 206.

[0028] Insome embodiments, the hinged joint 212 may be configured to move
along a rail or track 210, thus moving the PIR lens 204 and/or the microwave lens
208 closer to or away from the PIR sensor 202 and/or the microwave sensor 206,
respectively. Similarly, the vertical plate 203 on which the sensors are mounted may
be configured to move along the track 210 to move the sensors closer to or away
from the lenses. By moving the lenses and/or the sensors along the track, the zoom
level of the sensors may be changed, thus allowing the sensor to zoom in on an area
of motion or a subject of interest. In some embodiments, the lenses may be capable
of zooming independently of one another.

[0029] In some embodiments, the PIR lens 204 and the microwave lens 208 may
not be connected at a hinged joint, but may still be capable of being moved toward
or away from the sensors independently or interdependently to provide zoom
capability.

[0030] It should be noted that while a single housing is illustrated to house both
types of sensors and both lenses, in some embodiments each sensor and its
corresponding lens may be in a separate housing and placed in a separate area of the
room. In such embodiments, the sensors may communicate with each other and
with a master controller via a wired or wireless interface.

[0031]  Figure 3 is a diagram illustrating a top view of a motion sensing device
according to some embodiments. Sensing device 300 is illustrated performing a scan
of a room. During a scan, the device 300 may perform a scan of its field of view 303
with the PIR sensor 304 for a predetermined time period while the microwave sensor
306 is in a low power or sleep mode. After the predetermined period, the PIR sensor
304 may go into a low power or sleep mode while the microwave sensor 306
performs a scan of its field of view for the predetermined time period. During the
scan period, one or both sensors may continuously monitor the room for movement

and/or changes in temperature. The lenses 308, 310 may be retracted along the track



WO 2009/002704 PCT/US2008/066492

312 during the scan period because it is not necessary to zoom until a subject has
been detected.

[0032] When motion is detected in the field of view 303 via movement or body
temperature, the device 320 begins to zoom in on the detected subject. The sensors
304, 306 may move toward the lenses along the track 312, and/ or the lenses 308, 310
may swing away from one another on a hinge 314 while the hinge moves toward the
sensors along the track 312. The field of view 323 begins to narrow while zooming in
on the subject.

[0033] Insome embodiments, the device 340 may be zoomed in on a subject at a
maximum focal length, leaving the field of view 343 narrow.

[0034]  Figure 4 is a diagram illustrating a side and front view of a motion sensing
device housing according to some embodiments. As described above with respect to
Figure 2, the motion sensing device is enclosed in a housing that includes a housing
top 220, a housing bottom 222, and a housing front 224. The housing front 224 may
include housing windows 226 to allow each of two motion sensors to sense motion
outside of the housing.

[0035]  Figure 5 is a flow diagram illustrating detection and tracking of a subject
using a motion sensing device having a PIR sensor and a microwave sensor
according to some embodiments. At least one sensor may constantly monitor a
room for movement and/or changes in human temperature. In some embodiments,
one sensor is operable and scans for a predetermined time period while the second
sensor is in a low power or sleep mode. In some embodiments, the predetermined
time period may be approximately one minute. The sensors alternate operating in
scan mode and in sleep mode 502, with one sensor scanning and the other sleeping
until a subject is detected 504.

[0036] After a subject has been detected, a determination whether to use one or
both sensors is made depending on the location and/ or type of movement detected.
If the subject movement is rapid, for example, too rapid to be accurately detected by
a PIR sensor or if the subject is out of range of the PIR sensor, as shown in block 506,

then the motion sensing device will operate in an independent mode with only the
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microwave sensor operational 508. If the subject movement is slow, for example, too
slow to be accurately detected by a microwave sensor or if the subject is out of range
of the microwave sensor, as shown in block 510, then the motion sensing device will
operate in an independent mode with only the PIR sensor operational 512. If the
subject movement is in a range where it can be accurately detected by the PIR sensor
and the microwave sensor, the motion sensing device will operate in an
interdependent mode with both the PIR sensor and the microwave sensor
operational. The device may automatically change modes if sensing via the current
mode is not suitable.

[0037]  Next, the motion sensing device may zoom in on the area of motion 516.
In some embodiments, an adjustable lens will move toward or away from a sensor
on a rail or track to provide the zoom capability.

[0038]  If multiple subjects are detected 518, the subjects may be distinguished
from one another based on height 520. In some embodiments, an image detected
with a Fresnel lens may be vertically enhanced to permit the device to distinguish
between multiple subjects of different sizes. A primary subject may be distinguished
from a non-primary subject based on height.

[0039]  When the primary subject has been identified, the subject may be tracked
by the motion sensing device 522. Tracking the subject may be performed by a
controller, and may include aiming one or both sensors or changing a zoom level for
one or both sensors.

[0040]  If the primary subject leaves the field of view and is no longer detected
504, the sensors may begin scanning the room for movement 502 once again.

[0041] Figure 6 is a diagram of an in-home motion detection system to monitor
subject presence and level of activity according to some embodiments. A subject’s
dwelling 600 may include a plurality of rooms, 600A-D. Each room may include one
or more motion sensing device(s) 200A-D, such as that described above with respect
to Figures 1-5. A single master controller, such as that described above with respect
to Figure 1, may control all of the motion sensing devices 200A-D. The master

controller may be located in one of the sensing device units 200A-D, or may be
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separate from the sensing device units, for example in a desktop or mobile computer
or other computing module. The master controller may be coupled to each sensing
device unit via a wired or wireless network.

[0042]  The master controller may be able to infer where a subject will be at a
given time based on past sensed patterns of the subject’'s movements. For example,
if the master controller senses a pattern showing that each day the subjectis in a
living room, 600C, for at least two hours in the afternoon, and the subject is
subsequently absent from the living room 600C in the afternoon and instead is
spending more time in the bedroom 600A, a caregiver may be notified of this change
in the subject’s daily activity pattern.

[0043]  The sensible motion sensing system including a master controller and
sensor devices 200A-D may develop a matrix for the home 600. The matrix may be
used by the master controller to record sensor detections and to calculate an average
a number of sensor detections in each room 600A-D. In some embodiments, this
data may be stored in a database accessible by the master controller and/or by a
caregiver. The number of detections will allow the master controller to determine a
level of activity for the subject. The number of detections will also have an
associated standard deviation. For example, if a subject is detected moving among
various rooms more frequently in one day than another, and the motion detected is
well above or below the average and standard deviation for the subject’s movement,
a caregiver may be notified.

[0044]  The use of a matrix and user detection database may also permit the
master controller to learn or infer where the subject is frequently located. For each
room, it is likely there will be a primary and/or a secondary region where the subject
is most frequently located when in the room, 6024, 602B1, 602B2, 602C, 602D. The
master controller may use this information to direct each sensor to zoom in on the
desired areas without requiring a scan. For example, in a bedroom 600A, the subject
may primarily be found in a region on or near a bed 602A, thus, the sensors in
sensing device 200A may remain zoomed in on region 602A. In a bathroom, the

subject may be primarily found near a bathtub or shower 602B1 or a sink 602B2,
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thus, the sensors in sensing device 200B may alternate between zooming in on
regions 602B1 and 602B2. This may prevent the remote sensing units 200A-D, which
may be battery operated, from performing scan cycles or zooms that are
unnecessary, thus saving power. It may also reduce the time required to detect a
subject when a presence is detected.

[0045] Thus, a wireless motion detector including a microwave sensor and a PIR
sensor with zoom capability is disclosed in various embodiments. In the above
description, numerous specific details are set forth. However, it is understood that
embodiments may be practiced without these specific details. In other instances,
well-known circuits, structures, and techniques have not been shown in detail in
order not to obscure the understanding of this description. Embodiments have been
described with reference to specific exemplary embodiments thereof. It will,
however, be evident to persons having the benefit of this disclosure that various
modifications and changes may be made to these embodiments without departing
from the broader spirit and scope of the embodiments described herein. The
specification and drawings are, accordingly, to be regarded in an illustrative rather

than a restrictive sense.
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CLAIMS

We claim:

1.  Anapparatus comprising;:

a first sensor having a first adjustable lens;

a second sensor having a second adjustable lens; and

a controller coupled to the first sensor and the second sensor, wherein the
controller is to cause the first sensor and the second sensor to operate independently
in a first mode and is to cause the first motion sensor and the second motion sensor

to operate interdependently in a second mode.

2.  The apparatus of claim 1, wherein the first sensor is a microwave sensor,
wherein the second sensor is a pyroelectric infrared (PIR) sensor, and wherein the

first adjustable lens and the second adjustable lens are Fresnel lenses.

3. The apparatus of claim 2, wherein the controller is to cause at least one of the

tirst adjustable lens and the second adjustable lens to zoom in on a subject.

4.  The apparatus of claim 3, wherein the first adjustable lens and the second
adjustable lens are connected to each other at a hinged joint, and wherein the hinged

joint is configured to move along a track to zoom in on the subject.

5. The apparatus of claim 4, wherein the controller is to control the movement of

the first adjustable lens and the second adjustable lens along the track.

6. The apparatus of claim 2, wherein the controller is capable of using the first
sensor and the second sensor to identity and track a subject based on the height of

the subject.

7.  The apparatus of claim 2, wherein the first sensor and the second sensor are
housed in a single housing and are separated from one another by approximately 3.5

centimeters.

8. A method comprising:

monitoring a room with at least two sensors having separate lenses; and
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after detecting a subject in the room, changing a zoom level of at least one lens

to zoom in on the subject.

9.  The method of claim 8, further comprising determining whether the subject is
one of a primary subject and a non-primary subject using a height of the primary
subject and a height of the non-primary subject as detected by at least one of the two

sensors.

10. The method of claim 9, further comprising vertically enhancing the height of
the subject to make a height distinction between the primary subject and the non-

primary subject.

11. The method of claim 8, wherein monitoring a room with at least two sensors
having separate lenses comprises monitoring the room with a PIR sensor for a time
period while a microwave sensor is in a power saving mode and switching to
monitor the room with the microwave sensor for the time period while the PIR

sensor is in a power saving mode.
12. The method of claim 11, wherein the time period is approximately one minute.

13. A system comprising:

a microwave sensor coupled to a microwave lens and a microwave sensor
controller;

a PIR sensor coupled to a PIR lens and a PIR sensor controller; and

a master controller coupled to the PIR sensor controller and the microwave
sensor controller, wherein the master controller is to perform data processing on
data received from at least one of the microwave sensor and the PIR sensor and is to
direct at least one of the PIR sensor controller and the microwave sensor controller to
adjust a zoom level for at least one of the PIR lens and the microwave lens based on

the data received from the at least one of the microwave sensor and the PIR sensor.

14.  The system of claim 13, wherein the microwave sensor and the PIR sensor are

in a single enclosure.
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15. The system of claim 13, wherein the microwave lens and the PIR lens are
connected to each other at a hinged joint, and wherein the hinged joint is configured

to move along a track to adjust the zoom level.

16. The system of claim 15, wherein the microwave sensor and the PIR sensor are
separated by a first distance, and wherein the microwave sensor and the PIR sensor

are configured to move along the track to adjust the zoom level.

17. The system of claim 14, wherein the master controller is to distinguish
between a primary subject and a non-primary subject using a height of the primary
subject and a height of the non-primary subject as detected by at least one of the

microwave sensor and the PIR sensor.

18.  The system of claim 17, wherein the master controller is further to perform
vertical enhancement using the height of the primary subject and the height of the
non-primary subject as detected by the at least one of the microwave sensor and the

PIR sensor.
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