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PASSIVE INFRARED SYSTEMS AND METHODS THAT USE
PATTERN RECOGNITION TO DISTINGUISH BETWEEN HUMAN
OCCUPANTS AND PETS

TECHNICAL FIELD

5 |6001] This patent specification relates to motion sensors, and in particular to passive

mfrared motion sensors.

BACKGROUND

[8002}] This section is intended to introduce the reader to various aspects of art that may be
related to various aspects of the present techniques, which are described and/or claimed

10 below. This discussion is believed to be helpful in providing the reader with background
information to facilitate a better understanding of the various aspects of the present
disclosure. Accordingly, it should be understood that these statements are to be read in this
light, and not as admissions of prior art.
[8003] Several types of passive infra-red sensors have been described in the prior art for

15 detecting occupancy of human occupants in an area of interest, such as a home or office.
Such sensors detect the changes in the infra-red radiation falling on an infra-red detector
caused by movement of the infra-red emitting intruder in the field of view of the sensor. The
area under surveillance is focused onto the infra-red sensitive detector by an array of lenses
that produce a number of discrete zones. As the occupant crosses from zone to zone, the

20 changes in the detector output above the ambient level from the surroundings are amplified

by suitable circuitry, and an alarm signal is generated.

[6004] Detector effectiveness often is improved with optics that include segmented mirrors
or lenses having multiple fields-of-view. Movement of an infra-red target into or through any
of the fields will produce an electrical signal at the sensor, increasing the probability of

25 detection. A detector mounted six or seven feet high in the corner of a room, for example,
may have twenty or more separate fields-of-view, sometimes called zones, covering the room
both horizontally and vertically. Fields-of-view that intercept the floor will detect or "catch”
intruders attempting to crawl into the protected region. At the same time, however, they also

catch ground based domestic animals, such as dogs and cats. Since household pets are likely
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to produce false alarms whenever they are active in the protected area, detectors often are
disarmed, or the pets are confined to areas not protected by the system. This causes a
dilemma in households where pets that might otherwise deter intruders instead reduce system

effectiveness.

[8005] Accordingly, what is needed are systems and methods for accurately distinguishing

between human occupants and pets.

SUMMARY
[8006] A summary of certain embodiments disclosed herein is set forth below. It should be
understood that these aspects are presented merely to provide the reader with a brief summary
of these certain embodiments and that these aspects are not intended to limit the scope of this
disclosure. Indeed, this disclosure may encompass a variety of aspects that may not be set

forth below.

[6067] Systems and methods that use pattern recognition to characterize stimuli captured
by passive infrared motion sensors are provided. The pattern recognition can be performed
by comparing one or more features extracted from motion sensor signals to known features,
thereby providing enhanced pet rejection that exceeds performance of conventional threshold
based pet rejecting PIR systems. In some embodiments, the known features can be obtained
through simulations that accurately model the performance of motion sensors and their
response to a large variety of stimuli. The simulations result in an extensive database that can
be accessed by motion sensor units when performing pattern matching algorithms to

determine whether the stimulus is a human or a pet.

[8008] Various refinements of the features noted above may be used in relation to various
aspects of the present disclosure. Further features may also be incorporated in these various
aspects as well. These refinements and additional features may be used individually or in any
combination. For instance, various features discussed below in relation {o one or more of the
illustrated embodiments may be incorporated into any of the above-described aspects of the
present disclosure alone or in any combination. The brief summary presented above is
intended only to familiarize the reader with certain aspects and contexts of embodiments of

the present disclosure without limitation to the claimed subject matter.

[\
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[6009] A further understanding of the nature and advantages of the embodiments discussed
herein may be realized by reference to the remaining portions of the specification and the

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[6010] FIG. I shows illustrative motion detection system according to an embodiment;

[8011] FIG. 2 shows an illustrative side view of the motion detector’s field of view,

according to an embodiment;

[86012] FIG. 3 shows an illustrative front view of the motion detector’s field of view,

according to an embodiment;

[86013] FIG. 4 shows an illustrative block diagram of a simulator, according to an

embodiment;

[6014] FIGS. 5A and 5B shows illustrative feature waveforms of humans and pets,

according to an embodiment;

[8015] FIG. 6 shows an illustrative schematic diagram of motion detection evaluation

system, according to an embodiment;
[86016] FIG. 7 shows an illustrative process according to an embodiment; and

[6017] FIG. 8 shows a special-purpose computer system, according to an embodiment.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0018] In the following detailed description, for purposes of explanation, numerous specific
details are set forth to provide a thorough understanding of the various embodiments. Those
of ordinary skill in the art will realize that these various embodiments are ilustrative only and
are not intended to be limiting in any way. Other embodiments will readily suggest

themselves to such skilled persons having the benefit of this disclosure.

[0019] In addition, for clarity purposes, not all of the routine features of the embodiments
described herein are shown or described. One of ordinary skill in the art would readily

2
2
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appreciate that in the development of any such actual embodiment, numerous embodiment-
specific decisions may be required to achieve specific design objectives. These design
objectives will vary from one embodiment to another and from one developer to another.
Moreover, it will be appreciated that such a development effort might be complex and time-
5 consuming but would nevertheless be a routine engineering undertaking for those of ordinary

skill in the art having the benefit of this disclosure.

[6020} It is to be appreciated that while one or more hazard detection embodiments are
described further herein in the context of being used in a residential home, such as a single-
family residential home, the scope of the present teachings is not so limited. More generally,

10 hazard detection systems are applicable to a wide variety of enclosures such as, for example,
duplexes, townhomes, multi-unit apartment buildings, hotels, retail stores, office buildings,
and industrial buildings. Further, it is understood that while the terms user, customer,
installer, homeowner, occupant, guest, tenant, landlord, repair person, and the like may be
used to refer to the person or persons who are interacting with the hazard detector in the

15 context of one or more scenarios described herein, these references are by no means to be
considered as limiting the scope of the present teachings with respect to the person or persons

who are performing such actions.

[80021] FIG. 1 shows illustrative motion detection system 100 according to an embodiment.
System 100 is designed to detect movement of stimulus 110, such as a human occupant or
20 pet. System 100 can include motion detection system 115, which can include optics system
120, passive infrared (PIR) detection system 130, and signal processing circuit 140, Optics
system 120 that can include appropriate mirrors, lenses, mask, and other components known
in the art for focusing images of stimulus 110 onto PIR detector system 130. In response to
stimulus 110, PIR detector system 130 can generate a signal that can be filtered, amplified,
25  and digitized by signal processing circuit 140, with processor 130 receiving the signal and
determining whether to activate an audible or visual alarm 160 and/or notify a remote device

¢.c., owner’s phone) or service (e.¢., police).
g I g.p

[6022] Optics system 120 and PIR detection system 130 can be specifically designed to

achieve a desired field of view for motion detection system 115. That is, the field of view
30 may be designed such that each of the zones defining the field of view is assigned a specific

weight. For example, FIG. 2 shows an illustrative side view of the motion detector’s field of

view, according to an embodiment. As shown, the field of view has three different zones

4
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labeled, W1, W2, and W3, each of which may be assigned a specific weight. Different
weights can be applied to each zone using a variety of different approaches. These
approaches can include, for example, lens design, masking of the lens, and design of the
sensors that detect infrared radiation. In one embodiment, the weighting of zone W1 may be
greater than the weighting of zones W2 and W3, and the weighting of zones W2 and W3 may
be different or the same. Use of different zone weightings may assist pattern matching
algorithms according to embodiments discussed herein to differentiate between human
occupants and pets. For example, human 210 (having a minimum height) may be
simultaneously detected by two or more zones, whereas pet 220 may only be detected by one
zone. Since human occupant 210 is likely to be detected by zone W1 more often than pet
220, zone W1 may be weighted more heavily than zones W2 and W3. The weighting pattern
W1, W2, W3, and other weights of optical system 120 can be determined using a sinilator.
Exhaustive simulations such as monte carlo simulations can be performed for different
configurations — optical zone weights (W) and pattern matching algorithms, to find the

system with highest discrimination between pets and humans.

[6023] FIG. 3 shows an illustrative front view of the motion detector’s field of view,
according to an embodiment. PIR sensing elements 310 are arranged throughout the PIR
detection system. As shown, PIR sensing elements 310 are arranged in three rows (or bands),
labeled m accordance with its zones, W1, W2, and W3. As illustrated, zone W1 has 6
sensing elements, whereas zones W2 and W3 each have 4 sensing elements, thereby showing
that zone W lis weighted more heavily than zones W2 and W3. It should be appreciated that
cach zone may have an equal number of sensing elements, but the lens design or masking
may affect the weighting specified for each zone. It should be further appreciated that any
number of zones may exist for a motion detection sensor and that the embodiments discussed
herein are not limited to three zones. It should also be further appreciated that the field of

view, when viewed from a top view, may sweep anywhere between 0 and 180 degrees.

[6024}] The zones and the weighting thereof discussed in FIGS. 2 and 3 are merely one
example of a multitude of different hardware configurations for the optical system and PIR
detection system. The hardware configurations, while important, represent one set of factors
(e.g., hardware factors) taken mto account by embodiments discussed herein to differentiate
between human occupants and pets. Another set of factors taken into account are stimulus

factors. These factors represent data associated with the stimuli being captured by the motion
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detector system. The processing of this data, and the results determined from the processing
can dictate whether an alarm should be sounded or not. Because the hardware and stimulus
factors can vary significantly, the relatively simple threshold comparison test performed by
conventional prior art motion detection sensors often suffer from false positives. This is

5 typically because the threshold comparison tests are unable to account for all the potential
differences in the hardware and/or stimulus factors. Embodiments discussed herein markedly
improve on conventional threshold comparison tests by pattern matching features extracted

from motion sensor data with simulation based features.

[80025] The simulation based features can be obtained through simulations that use a

10 particular hardware configuration and a multitude of stimulus factors. The hardware
configuration can be an actual motion detector, or it may be a software representation of a
motion detector. Thus, for any given hardware arrangement of the motion detector system,
that particular arrangement can be subjected to a battery of stimuli to generate simulation
based features. These simulation based features may form a basis for performing pattern

15 matching with features extracted from motion sensor data. A database of simulation based
features can be created for any number of different hardware configurations. The
appropriate simulation based features may be stored in motion detection sensors that most
closely resemble the hardware configuration, such that those simulation based features can be

used for pattern matching,

20 |0026] FIG. 4 shows an illustrative block diagram of a simulator 400 according to an
embodiment. Simulator 400 can include several modules, shown as optical system module
410, PIR detector system module 420, field-of-view module 430, stimulus factor module 440,
and simulation based feature module 450. Optical system module 410 may be a digital
representation an optical system of a motion detector system. Different components and

25  design features of the optical system can be modeled as part of module 410. For example,
lenses 411, centers 412, focal length 413, and areas of lenslets 414 may represent different
components and design features of the optical system. These components may be modeled to
represent actual physical manifestation of an optical system or can be simulated

representations of a fictitious optical system (but one that could be constructed).

30 [0027] PIR detector system module 420 may be digital representation of a PIR detector
system. Module may model element placement 421 and element design 422, Element

placement 421 may refer to the number and position of elements. Element design 422 may

6
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refer to the construction of the element. For example, elements may be constructed to have

different compositions, shapes, substrate layout, etc.

[86028] Field of view module 430 may be a digital representation of the motion sensor’s
field of view. In one embodiment, the digital representation of the field of view may be the

5  product of modules 410 and 420. In another embodiment, the field of view may take into
account any masking that may have been applied to the optical system. Module 430 may
model lenslet weighting 431 to provide an accurate digital representation of a motion detector

system.

[8029]  Stimulus factor module 440 may represent different factors related to stimuli that

10 may be captured by a motion detector. Stimulus factors can include, for example, distance
441, angle 442, velocity 443, mounting height 444, pet size 445, and person height 446.
Distance 441, angle 442, and velocity 443 may refer to different characteristic involving
movement of a stimuli within the zones of the motion sensor. Mounting height 444 may refer
to the position of the motion sensor on a wall or ceiling. For example, a motion sensor

15  positioned at nine feet {relative to the floor) will capture stimuli differently than a motion
sensor mounted at seven feet. Pet size 445 may refer to the size of a pet. For example, pets
can be classified in different sizes such as small {e.g., 20 pounds), medium (e¢.g., 40 pounds),
and large {e.g., 70 pounds). Person height 446 may, as its label implies, refers to the height
of a human occupant. For example, a human occupant can be modeled to have certain

20 minimum height (e.g., four feet, 10 inches). If desired, humans of multiple heights may be

modeled.

[8030] Simulation based features module 450 may include different simulated features
obtained using a combination of modules 410, 420, 430, and 440. The simulated features
can include any number of raw data extractions and/or statistical interpretations of the raw

25  data. Four illustrative features are shown in module 450. These include amplitude 451,
frequency 452, phase 453, and time series of peaks 454. Amplitude 451 may refer to the
magnitude of a signal provided by a motion sensor. Referring briefly to FIG. 5A, which
shows illustrative amplitude signals of a human and a pet, respectively, the magnitude of the
human may be greater than that of a pet. This may be because the human occupies more

30  zones than a pet and thus generates a larger magnitude response. The difference can be
captured in the simulated based features and used for pattern matching with field data

obtained from a motion sensor.
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[0031] Frequency 452 may refer to the rate at which a stinmlus crosses from zone to zone.
Referring briefly to FIG. 5B, which shows illustrative frequency responses of a human and a
pet, the frequency response of the human is faster than that of the pet. The differences in
frequency response can be captured in the simulated based features and used for pattern

5 matching with field data obtained from a motion sensor. Phase 453 may be used to infer the
direction of the simulus’ movement across the zones. Time series of peaks 454 may refer to a
“window” analysis of peaks within the motion sensor data. The analysis of the peaks may be

indicative of whether the stimulus is a human or pet.

[6032] FIG. 6 shows an illustrative schematic diagram of motion detection evaluation

10 system 600, according to an embodiment. System 600 can inclide motion sensor 610,
feature extraction module 620, and pattern matching module 630. Motion sensor 610 can
monitor for the presence of a stimulus and provide sensor data to feature extraction module
626 in response to monitoring the stimulus. Feature extraction module 620 may be
implemented by a digital signal processor that extracts features 621 from the motion detector

15 data. Features 621 can include amplitude 622, frequency 623, phase 624, and tune series of
peaks 625. One or more of features 621 are provided to pattern matching module 630, which
can perform pattern matching to determine a character of the stimulus 640 (e.g., whether the
stimulus most resembles a human, pet, or noise). Based on the determination of the stimulus

640, system 600 can sound an alarm or notify a remote service (e.g., police).

20 |0033}] Pattern matching module 630 may access a pattern lookup engine 631 when
attempting to match extracted features to simulation based features so that it produce a
stimulus character determination 640. Pattern lookup engine 631 may be implemented as a
decision forest classifier. The decision forest classifier is one example of pattern matching
that may be implemented. Other suitable pattern matching techniques may be used by pattern

25  lookup engine 631. The simulation based patterns may be stored in a local memory (not
shown) that may be updated when system 600 receives updates from server 680, Server 680
may pass simulation based patterns 681 (e.g., obtained from simulator 400} to system 600 as

part of a regular or systematic update process.

[86034] FIG. 7 shows an illustrative process 700 according to an embodiment. Process 700
30 begins at step 710, where motion sensor signals are received in response to a motion sensor
system detecting a stimulus. For example, a motion detection system having a field of view

similar to that as shown in FIG. 3. When a stimulus wanders into the system’s field of view,

8
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signals are generated in response thereto. The signals are processed such that at least one
feature is extracted, as indicated by step 720. For example, digital signal processing may be
applied to extract at least one of amplitude, frequency, phase, and time series of peaks from

the motion sensor signal.

[0035] At step 730, the at least one extracted feature is pattern matched with simulation
based features to determine a character of the stimulus. The simulation based features may
have been previously obtained via a simulator such as simulator 400. In one embodiment,
the simulation based features can be generated based on a plurality of stimulus factors and a
software representation of the motion sensor system. For example, the motion sensor system
may be embodied by one or more of optical system 410, PIR detector system 420, and field-
of-view 430. The pattern matching can be performed using, for example, a pattern lookup

engine or a decision forest classifier.

[8036] At step 740, an action can be executed in response to the determined character of
the stimulus. In one embodiment, the action can include activating an alarm and/or alerting a
remote service when the determined character of the stimulus is a human. In another
embodiment, the action can include not activating an alarm when the determined character of
the stimulus is a pet. If desired, the action can include notifying an owner that his or her pet

is moving around the house.

[86037} It should be appreciated that the steps in FIG. 7 are merely illustrative and that
additional steps may be added, and that steps may be omitted, and the order of the steps may

be re-arranged.

[8038] With reference to FIG. 8, an embodiment of a special-purpose computer system 800
is shown. For example, one or more intelligent components may be a special-purpose
computer system 800. Such a special-purpose computer system 800 may be incorporated as
part of a motion detector system and/or any of the other computerized devices discussed
herein, such as a security system. The above methods may be implemented by computer-
program products that direct a computer system to perform the actions of the above-described
methods and components. Each such computer-program product may comprise sets of
mstructions {codes) embodied on a computer-readable medium that direct the processor of a
computer system to perform corresponding actions. The instructions may be configured to

run in sequential order, or in parallel (such as under different processing threads), orina
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combination thereof. After loading the computer-program products on a general purpose

computer system 800, it is transformed into the special-purpose computer system 800.

[0039]  Special-purpose computer system 800 can include computer 802, a monitor 806
coupled to computer 802, one or more additional user output devices 830 (optional) coupled
5  to computer 802, one or more user input devices 840 (e.g., keyboard, mouse, track ball, touch
screen) coupled to computer 802, an optional communications interface 850 coupled to
computer 802, a computer-program product 805 stored in a tangible computer-readable
memory in computer 802. Computer-program product 805 directs computer system 800 to
perform the above-described methods. Computer 802 may include one or more processors
10 860 that communicate with a number of peripheral devices via a bus subsystem 890. These
peripheral devices may include user output device(s) 830, user input device(s) 840,
communications interface 830, and a storage subsystem, such as random access memory
{(RAM) 870 and non-volatile storage drive 880 (e.g., disk drive, optical drive, solid state

drive), which are forms of tangible computer-readable memory.

15 [0040] Computer-program product 805 may be stored in non-volatile storage drive 880 or
another computer-readable medium accessible to computer 802 and loaded into random
access memory (RAM) 870. Each processor 860 may comprise a microprocessor, such as a
microprocessor from Intel® or Advanced Micro Devices, Inc.®, or the like. To support
computer-program product 805, the computer 802 runs an operating system that handles the

20  communications of computer-program product 805 with the above-noted components, as well
as the communications between the above-noted components in support of the computer-
program product 805. Exemplary operating systems include Windows® or the like from

Microsoft Corporation, Solaris® from Sun Microsystems, LINUX, UNIX, and the like.

[0041] User input devices 840 include all possible types of devices and mechanisms to

25  input information to computer 802, These may include a kevboard, a keypad, a mouse, a
scanner, a digital drawing pad, a touch screen incorporated into the display, audio input
devices such as voice recognition systems, microphones, and other types of input devices. In
various embodiments, user input devices 840 are typically embodied as a computer mouse, a
trackball, a track pad, a joystick, wireless remote, a drawing tablet, a voice command system.

30 User mput devices 840 typically allow a user to select objects, icons, text and the like that
appear on the monitor 806 via a command such as a click of a button or the like. User output

devices 830 include all possible types of devices and mechanisms to output information from

10
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computer 802, These may include a display (e.g., monitor 806), printers, non-visual displays

such as audio output devices, etc.

[86042] Communications interface 850 provides an interface to other communication
networks, such as communication network 895, and devices and may serve as an interface to

5 receive data from and transmit data to other systems, WANSs and/or the Internet.
Embodiments of communications interface 850 typically include an Ethernet card, a modem
(telephone, satellite, cable, ISDN), a (asynchronous) digital subscriber line (DSL) unit, a
FireWire® interface, a USB® interface, a wireless network adapter, and the like. For
example, communications interface 850 may be coupled to a computer network, to a

10 FireWire® bus, or the like. In other embodiments, communications interface 850 may be

physically integrated on the motherboard of computer 802, and/or may be a software

program, or the like.

[0043] RAM 870 and non-volatile storage drive 880 are examples of tangible computer-
readable media configured to store data such as computer-program product embodiments of
15  the present invention, including executable computer code, human-readable code, or the like.
Other types of tangible computer-readable media include floppy disks, removable hard disks,
optical storage media such as CD-ROMs, DVDs, bar codes, semiconductor memories such as
flash memories, read-only-memories (ROMs), battery-backed volatile memories, networked
storage devices, and the like. RAM 870 and non-volatile storage drive 880 may be configured
20 to store the basic programming and data constructs that provide the functionality of various

embodiments of the present invention, as described above.

[6044] Software instruction sets that provide the functionality of the present invention may
be stored in RAM 870 and non-volatile storage drive 880. These instruction sets or code may
be executed by the processor(s) 860. RAM 870 and non-volatile storage drive 880 may also

25  provide a repository to store data and data structures used in accordance with the present
invention. RAM 870 and non-volatile storage drive 880 may include a number of memories
including a mamn random access memory (RAM) to store instructions and data during
program execution and a read-only memory (ROM) in which fixed instructions are stored.
RAM 870 and non-volatile storage drive 880 may include a file storage subsystem providing

30  persistent (non-volatile) storage of program and/or data files. RAM 870 and non-volatile
storage drive 880 may also include removable storage systems, such as removable flash
memory.

11
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[6045] Bus subsystem 890 provides a mechanism to allow the various components and
subsystems of computer 802 to communicate with each other as intended. Although bus
subsystem 890 is shown schematically as a single bus, alternative embodiments of the bus

subsystem may utilize multiple busses or communication paths within the computer 802,

5 |8046] It should be noted that the methods, systems, and devices discussed above are
intended merely to be examples. It must be stressed that various embodiments may omit,
substitute, or add various procedures or components as appropriate. For instance, it should be
appreciated that, in alternative embodiments, the methods may be performed in an order
different from that described, and that various steps may be added, omitted, or combined.

10 Also, features described with respect to certain embodiments may be combined in various
other embodiments. Different aspects and elements of the embodiments may be combined in
a similar manner. Also, it should be emphasized that technology evolves and, thus, many of

the elements are examples and should not be interpreted to limit the scope of the invention.

|6047] Specific details are given in the description to provide a thorough understanding of
15 the embodiments. However, it will be understood by one of ordinary skill in the art that the
embodiments may be practiced without these specific details. For example, well-known,
processes, structures, and techniques have been shown without unnecessary detail in order to
avoid obscuring the embodiments. This description provides example embodiments only, and
is not intended to limit the scope, applicability, or configuration of the invention. Rather, the
20 preceding description of the embodiments will provide those skilled in the art with an
enabling description for implementing embodiments of the invention. Various changes may
be made in the function and arrangement of elements without departing from the spirit and

scope of the invention.

[0048] It is to be appreciated that while the described methods and systems for intuitive
25  status signaling at opportune times for a hazard detector are particularly advantageous in
view of the particular device context, in that hazard detectors represent important life safety
devices, in that hazard detectors are likely to be placed in many rooms around the house, in
that hazard detectors are likely to be well-positioned for viewing from many places in these
rooms, including from near light switches, and in that hazard detectors will usually not have
30 full on-device graphical user interfaces but can be outfitted quite readily with non-graphical
but simple, visually appealing on-device user interface elements (e.g., a simple pressable

button with shaped on-device lighting), and in further view of power limitations for the case

12
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of battery-only hazard detectors making it desirable for status communications using minimal
amounts of electrical power, the scope of the present disclosure is not so limited. Rather, the
described methods and systems for intuitive status signaling at opportune times are widely
applicable to any of a variety of smart-home devices such as those described in relation to
5 FIG. 15 supra and including, but not limited to, thermostats, environmental sensors, motion
SENSors, occupancy sensors, baby monitors, remote controllers, key fob remote controllers,
smart-home hubs, security keypads, biometric access controllers, other security devices,
cameras, microphones, speakers, time-of-flight based LED position/motion sensing arrays,
doorbells, intercom devices, smart light switches, smart door locks, door sensors, window
10 sensors, generic programmable wireless control buttons, lighting equipment including night
lights and mood lighting, smart appliances, entertainment devices, home service robots,
garage door openers, door openers, window shade controllers, other mechanical actuation
devices, solar power arrays, outdoor pathway lighting, irrigation equipment, lawn care
equipment, or other smart home devices. Although widely applicable for any of such smart-
15  home devices, one or more of the described methods and systems become increasingly
advantageous when applied in the context of devices that may have more limited on-device
user interface capability (e.g., without graphical user mterfaces), and/or baving power
limitations that make it desirable for status comnwnications using minimal amounts of
electrical power, while being located in relatively readily-viewable locations and/or well-
20 traveled locations in the home. Having read this disclosure, one having skill in the art could
apply the methods and systems of the present invention in the context of one or more of the
above-described smart home devices. Also, it is noted that the embodiments may be
described as a process which is depicted as a flow diagram or block diagram. Although each

may describe the operations as a sequential process, many of the operations can be performed

]
N

in parallel or concurrently. In addition, the order of the operations may be rearranged. A

process may have additional steps not included in the figure.

[0049] Any processes described with respect to FIGS. 1-8, as well as any other aspects of the
invention, may each be implemented by software, but may also be implemented in hardware,
firmware, or any combination of software, hardware, and firmware. They each may also be
30  embodied as machine- or computer-readable code recorded on a machine- or computer-
readable medium. The computer-readable medium may be any data storage device that can
store data or instructions that can thereafter be read by a computer system. Examples of the

computer-readable medium may include, but are not limited to, read-only memory, random-
13
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access memory, flash memory, CD-ROMs, DVDs, magnetic tape, and optical data storage
devices. The computer-readable medium can also be distributed over network-coupled
computer systems so that the computer readable code is stored and executed in a distributed
fashion. For example, the computer-readable medium may be communicated from one

5 electronic subsystem or device to another electronic subsystem or device using any suitable

communications protocol. The computer-readable medium may embody computer-readable
code, instructions, data structures, program modules, or other data in a modulated data signal,
such as a carrier wave or other transport mechanism, and may include any information
delivery media. A modulated data signal may be a signal that has one or more of its

10 characteristics set or changed in such a manner as to encode information in the signal.

8050} It is to be understood that any or each module or state machine discussed herein may
be provided as a software construct, firmware construct, one or more hardware components,
or a combination thereof. For example, any one or more of the state machines or modules
may be described in the general context of computer-executable instructions, such as program

15  modules, that may be executed by one or more computers or other devices. Generally, a
program module may include one or more routines, programs, objects, components, and/or
data structures that may perform one or more particular tasks or that may implement one or
more particular abstract data types. It is also to be understood that the number, configuration,
functionality, and interconnection of the modules or state machines are merely illustrative,

20 and that the number, configuration, functionality, and interconnection of existing modules
may be modified or omitted, additional modules may be added, and the interconnection of
certain modules may be altered.

[86051] Whereas many alterations and modifications of the present invention will no doubt

become apparent to a person of ordinary skill in the art after having read the foregoing

[N]
h

description, it is to be understood that the particular embodiments shown and described by
way of itlustration are in no way intended to be considered limiting. Therefore, reference to

the details of the preferred embodiments is not intended to limit their scope.

14
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WHAT IS CLAIMED [S:

I. A motion detection evaluation system, comprising:
a motion sensor operative to produce motion sensor signals in response to
monitored stimuli; and
a processor coupled to receive the motion sensor signals, the processor
operative to:
extract at least one feature from the received motion sensor signals;
pattern match the at least one extracted feature with simulation based
features to determine a character of the stimulus; and
execute an action in response to the determined character of the

stimulus.

2. The motion detection evaluation system of claim 1, wherein the
processor is operative to use a pattern lookup engine to determine the character of the
stimulus.

3. The motion detection evaluation system of claim 2, wherein the pattern

lookup engine is a decision forest classifier.

4, The motion detection evaluation system of claim 1, wherein the at least
one extracted feature comprises at least one of amplitude, frequency, phase, and time series
of peaks.

3. The motion detection evaluation system of claim 4, wherein the
simulation based features comprise at least one of amplitude, frequency, phase, and time

series of peaks based on computer simulations.

6. The motion detection evaluation system of claim 1, wherein the

character of the stimulus is selected from a human, a pet, and noise.

7. The motion detection evaluation system of claim 6, wherein when the

determined stimulus is the human, the executed action comprises activating an alarm.



WO 2017/116587 PCT/US2016/063402

8. The motion detection evaluation system of claim 1, wherein the
simulation based features are generated based on a plurality of stimulus factors and a

software representation of the motion sensor system.

9. A method for evaluating motion sensor data, comprising:

receiving motion sensor signals in response to a motion sensor system
detecting a stimulus;

extracting at least one feature from the received motion sensor data;

pattern matching the at least one extracted feature with simulation based
features to determine a character of the stimulus; and

executing an action in response to the determined character of the stmulus.

10. The method of claim 9, wherein the simulation based features are
generated based on a plurality of stimulus factors and a software representation of the motion

sensor sysiem.

11 The method of claim 9, wherein the at least one extracted feature and
the simulation based features each comprises at least one of amplitude, frequency, phase, and

time series of peaks.

12, The method of claim 9, wherein the executing the action comprises

activating an alarm when the determined character of the stimulus is a human.

13.  The method of claim 9, wherein the executing the action comprises

non activating an alarm when the determined character of the stimulus is a pet.

14 A system, comprising:
a motion sensor comprising a masked optical lens and a passive infrared (PIR)
sensor, wherein the motion sensor comprises a plurality of power zones each having a
different intensity, wherein the PIR sensor produces a signal in response to a stimulus
detected within at least one of the power zones; and
a processor coupled to the motion sensor and operative to:
receive the signal from the motion sensor; and
compare the received signal to a plurality of known patterns to

determine a character of the stimulus.

16
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15. The system of claim 14, wherein the character of the stimulus is

characterized as one of a human, a pet, and noise.

16.  The system of claim 14, wherein the intensities of the power zones are
selected to enable the PIR sensor to produce different signals in response to different stimuli

detected within at least one of the power zones.

17.  The system of claim 14, wherein the processor is operative to:
extract any one of a plurality of features from the received signal; and
use at least one of the extracted features to determine the character of the

stimulus.

18, The system of claim 17, wherein the plurality of features comprises

amplitude, frequency, phase, and time series of peaks.

19. The system of claim 14, further comprising:
storage coupled to the processor and operative to store a plurality of patterns;
wherein the processor is operative to use the plurality of patterns stored in the

storage when determining the character of the stimulus.

20.  The system of claim 14, wherein the masked optical lens is a Fresnel

lens having a diameter less than two inches.

17



PCT/US2016/063402

WO 2017/116587

7

/

1341 e

wely

1147 S

IOSERI0A4

R

smulg 00

n;;;;;;;;;;;;;;;;;;;;;;;;;;;
M

L oD WSIsAg

: m&mmmm&& JOYBIB(]

m jeubis Mid

{

f/f 001



WO 2017/116587

2

/

7

FIG. 2

PCT/US2016/063402

FIG. 3



PCT/US2016/063402

WO 2017/116587

VA

3

¥ Old
| syead jo s8U8g S H-yGY
| eseuyd LGy
_ Aousnbsid T\)Nmﬁ _ Bupubiom 1a18ue Ty Wz\;wmw
pridiy ,T\}wmmw MB1IAJO-PIRE] - 08 Y
S8iNes PISEy UORBINUIS L—nGp
| uBisaguawsly M 22P
| bl uosisg  Hgby | 1OWIR08Id OIS 12y
5EE B Hsvy weisAg Jowsis Yid |02y
| ybey Bununopy  Hpp
[ Apopp Heby | siesus’josealy  LiyLy
[ Tepuy iz £1y - Uibue 2004 |{SIBBDIE LY
[S5GEsia v [sesuE b1y
SIOB STINWINS Db wesAs rogdo (Y

OIS

00y




PCT/US2016/063402

WO 2017/116587

/7

4

g6 "Old

TVANIVANEE

Aouenbeil < g

ey >>>>>x

fousnbai C YAVAVAY L_

®Bd P . U \Jf—

sprjduly

N YaWA

= —AAAL



PCT/US2016/063402

WO 2017/116587

™~

9 "Old

i

415 e

{esioN ‘184 ‘uBuing B8}
JBIDBIBYD STNLINS 10 UOHBLILLSIB(

’ 3

{1elssel) 188104 UoISIDe “B'8)

il pase
Le8 suiBuz dnyoo uieRed « » mowmﬁmwm 189
058G ~~4 sinpoyy Suwoiey waRg
i IBAIBS
m D
| [ s3eag jo seusg awi 579 089
| [ 8seud 928 mmw mwm
829~ Aousnbeid | { {
: BNPOY
229 apmduy | ” LIOHORIXT e Ewmmm - SONIUGS
(0~ sameay ainesd UORON
|
i
AL



WO 2017/116587 PCT/US2016/063402

700~
N

Recelving Motion Sensor Signals in Response to a Motion 8ensor
System Detecting a Stimulus

710

e 720

Pattarn Matching the at least One Extracted Feature with Simulation
Based Features o Determine a Character of Stimulus

e 730

4

Execuling an Action in Response {0 the Determined Character of the
Stimulus

- 740

FIG. 7



PCT/US2016/063402

WO 2017/116587

VA

7

8 Old

0es ov8 058 \/v
oBUSIU
{s)anneg Inding {s}aoaq indut one oxw n &mw o I %
e o 4 £
H ; E
| A Y N £ |—568
w 7 A L 3 _\ W =
| ) | g
208~ , 068 ‘ ! g
H § x
088—4_| sau(] ebeioig Alowsspy ss800y | 08 098~ (shiossaooiy | =
: SHIBIOA-UON wiopuey m
! , m
e e N R N/
H { 1
3 H
WNIPON JOHUOW 908
gjqepesy-eIndiios
®
L 4
&

C# 189S uDong sy

ZH# 128 uoOnAsy|

L 1ag Uohonisul

-G08

1OOPp0IH webud-mnduo

008



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2016/063402

A. CLASSIFICATION OF SUBJECT MATTER
GOSB 13/19(2006.01)i, GO1J 1/42(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GO8B 13/19; GO8B 13/18; HO4N 5/225; HO4N 7/18; GO1J 5/02; GO8B 23/00; GO1J 1/42

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: motion detector, pattern, matching, distinguishing, alarm, activation

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2008-0029703 A1 (DIPOALA) 07 February 2008 1-20
See paragraphs [2], [32]-[55]; and figures 1-7.
Y US 8115641 B1 (DEMPSEY) 14 February 2012 1-20
See column 4, lines 34-39, column 6, lines 7-49; and figures 1-7.
A KR 10-2012-0095681 A (PIXELPLUS CO., LTD.) 29 August 2012 1-20
See paragraphs [47]-[58], [60]-[63]; and figures 1-4.
A KR 10-2004-0074470 A (SAMSUNG ELECTRONICS CO., LTD.) 25 August 2004 1-20
See page 3, line 13 - page 4, line 2; and figures 1-3c.
A US 2010-0073165 A1 (WU et al.) 25 March 2010 1-20

See paragraphs [23]-[30]; and figures 1-7.

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E"  earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later
than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

'

myn

ng"

Date of the actual completion of the international search
06 March 2017 (06.03.2017)

Date of mailing of the international search report

06 March 2017 (06.03.2017)

Name and mailing address of the [SA/KR

International Application Division

Korean Intellectual Property Office

189 Cheongsa-ro, Seo-gu, Dagjeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578

Authorized officer

Lee, Eun Kyu

Telephone No. +82-42-481-3580

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2016/063402

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2008-0029703 Al 07/02/2008 EP 1884901 Al 06/02/2008
EP 1884901 Bl 25/05/2011
JP 2008-041083 A 21/02/2008
JP 4515490 B2 28/07/2010

US 8115641 Bl 14/02/2012 None

KR 10-2012-0095681 A 29/08/2012 CN 103404125 A 20/11/2013
CN 103404125 B 17/08/2016
KR 10-1262745 Bl 10/05/2013
WO 2012-115408 A2 30/08/2012
WO 2012-115408 A3 29/11/2012

KR 10-2004-0074470 A 25/08/2004 None

US 2010-0073165 Al 25/03/2010 US 7982606 B2 19/07/2011

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - wo-search-report
	Page 27 - wo-search-report

