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MOTION TRACKING

Field of the Embodiments

The described embodiments relate generally to environmental control systems.
More particularly, the described embodiments relate to methods, apparatuses and

systems for tracking motion which can be used for environmental control.

Background

Intelligent lighting and environmental control systems reduce power
consumption of lighting and environmental control while improving the experience of
occupants of structures that utilize the lighting and environmental control systems. A
factor utilized in controlling the systems is determination of occupancy and tracking
of motion. Further, the occupancy and motion tracking can be used for controlling the

systems.

It is desirable to have a method, system and apparatus for tracking motion of

an area.

Summary

One embodiment includes a method of tracking motion. The method includes
identifying a group of sensors that includes a plurality of neighboring sensors sensing
motion greater than a threshold during a time interval, and tracking motion,
comprising linking the group to at least one past group of at least one past time

interval.

Another embodiment includes a system for tracking motion. The system
includes a plurality of sensors and a controller that receives sense information from
the plurality of sensors. The controller is operative to identify a group of sensors that
includes a plurality of neighboring sensors sensing motion greater than a threshold
during a time interval, and track motion of the group, comprising linking the group to
at least one past group of at least one past time interval.

Other aspects and advantages of the described embodiments will become

apparent from the following detailed description, taken in conjunction with the
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accompanying drawings, illustrating by way of example the principles of the

described embodiments.

Brief Description of the Drawings

Figure 1 shows an area that includes multiple rooms, wherein sensors within
each of the multiple rooms and a controller are utilized for tracking motion,

according to an embodiment.

Figure 2 shows a sensor and associated lighting control, according to an

embodiment.

Figure 3 shows multiple sensors, including specific sensors and neighboring

sensors of the specific sensors, according to an embodiment.
Figure 4 shows invalid groups of sensors, according to an embodiment.

Figure 5 shows a group of sensors being tracked over multiple frames,

according to an embodiment.

Figure 6 shows an initially identified group of sensors being split, according to

an embodiment.

Figure 7 shows an initially identified group of sensors being split, and two

separate trails being formed, according to an embodiment.

Figure 8 shows an obstruction that includes a doorway, and formation of the

group, according to an embodiment.

Figure 9 is a flow chart that includes steps of a method of tracking motion,

according to another embodiment.

Detailed Description

As shown in the drawings, the described embodiments provide methods,
apparatuses, and systems for tracking motion. For an embodiment, a plurality of

sensors of an area or structure, are monitored over multiple time intervals. For each
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time interval, groups of sensor are identified that sense motion of greater than a
threshold for the time interval, thereby indicating the presence of, for example, an
occupant. A group of a time interval is linked with other groups of different time
intervals, thereby indicated motion. The motion is tracked across multiple time

intervals, thereby tracking motion within the area or structure.

The aggregation of the sensor data over time provides valuable insights for
parties interested in optimizing space utilization and planning the construction of
future spaces. This aggregation can be used to detect abnormalities in real time

operation of, for example, an office building.

Figure 1 shows an area that includes multiple rooms 140, 150, 160, 170,
wherein sensors (such as, sensor 110 or 112) within each of the multiple rooms 140,
150, 160, 170 and a controller 190 are utilized for tracking motion, according to an
embodiment. Groups of sensors are identified for each of different time intervals 101,
102, 103, 104, 105 based on motion sensed by the sensors, and by the locations of the

SENSOrs.

For the first time interval 101, a sensor (such as, sensor 110) senses motion
and generating a sense signal that indicates sensed motion of greater than a
predetermined threshold. Neighboring sensors (such as, sensor 112) that also sense
motion greater than the predetermined threshold or greater than a second
predetermined threshold are included within the group of the first time interval 101.
As will be described, for an embodiment, neighboring sensors are identified based
upon prior knowledge of the locations of the sensors. For an embodiment,
neighboring sensors are sensors having a location within a distance threshold of each
other. However, for at least some embodiments, the criteria for determining or
selecting neighbor sensors is not based on entirely based upon distances between
sensors. At least some embodiments additionally or alternatively account for sensor
spacing, other sensors in the area, and/or obstructions. Additionally, the distance
threshold does not have to be preselected. For an exemplary embodiment, the
distance threshold is selected to be two times the average distance to the second
closest sensor (that is, the sensor second closest to initially sensing sensor).
Generally, the distance threshold is preselected. For an embodiment, neighboring

sensors are predetermined based on the prior location knowledge of the sensors.
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For the second time interval 102, a sensor is again identified that sensed
motion greater than a threshold. Again, a group is then determined. For at least some
embodiments, motion is sensed by linking a group of the first time interval 101 with a
group of the second time interval. For an embodiment, the linking is determined by
the proximity of the sensors within the different groups. For an embodiment, the
linking is established by a commonality of at least one sensor. For an embodiment,
the linking is based on identifying neighboring sensors of the different groups. For an
embodiment, the linking is based on identifying neighboring sensors that are also

neighbors of neighboring sensors of the different groups.

The motion tracking also includes identifying groups that physically cannot
exist, and motion of groups that physically cannot occur. For example, a group 108
can be determined for a time interval. However, due to the existence of a wall 120
within the group, physically, the group cannot actually exist, and the group is then

determined to not be valid.

As shown, the motion tracking of the different time intervals 101, 102, 103,
104, 105 shows motion from the first room 140, to the second room 150, and to the
third room 160. This motion physically is acceptable because the group motion
passes through, for example, doorways (such as, doorway 130). However, such group
motion would not be determined to be valid if the motion passed, for example,

through a barrier, such as, a wall 120.

As shown, for an embodiment, a controller is electronically interfaced with a
controller 190. For at least some embodiments, the controller 190 is operable to
processed sensed sensor information to monitor motion of groups, and thereby, sense
motion. While shown as a standalone controller, it is to be understood that for an
embodiment, each of the sensors include controllers, and the sensed information
processing can be performed by any combination of one of more of the sensor
controllers. That is, the sensed information processing can be centralized, or de-

centralized across the controllers of the sensors.

For an embodiment, communication links are established between each of the
sensors and the controller 190. For an embodiment, the sensors are directly linked to

the controller 190. For another embodiment, at least some of the sensors are linked to
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the controller 190 through other sensors. For an embodiment, the sensors form a
wireless mesh network that operates to wirelessly connect (link) each of the sensors to

the controller.

Regardless of the location or configuration of the controller 190, for an
embodiment, the controller 190 is operative to receive sense data from the plurality of
sensors, group the data according to identified groupings of the plurality of sensors,
and track motion within at least a portion of the area based on data analytics

processing of one or more of the groups of sensed data.

Figure 2 shows sensor and associated lighting control, according to an
embodiment. For an embodiment, the sensors described include a smart sensor
system 202. Further, a lighting control system 200 includes the smart sensor system
202 that is interfaced with a high-voltage manager 204, which is interfaced with a
luminaire 240. The sensor and associated lighting control of Figure 2 is one
exemplary embodiment of the sensors utilized for tracking motion. Many different
sensor embodiments are adapted to utilization of the described embodiments for
tracking motion. For at least some embodiments, sensors that are not directly

associated with light control are utilized.

The motion tracking of the described embodiments can be utilized for optimal
control of lighting and other environmental controls of an area or structure that
utilizes the motion tracking. The control can be configured to save energy and

provide comfort to occupants of the area or structure.

The high-voltage manager 204 includes a controller (manager CPU) 220 that
is coupled to the luminaire 240, and to a smart sensor CPU 235 of the smart sensor
system 202. As shown, the smart sensor CPU 245 is coupled to a communication
interface 250, wherein the communication interface 250 couples the controller to an
external device. The smart sensor system 202 additionally includes a sensor 240. As
indicated, the sensor 240 can include one or more of a light sensor 241, a motion
sensor 242, and temperature sensor 243, and camera 244 and/or an air quality sensor
245. Itis to be understood that this is not an exhaustive list of sensors. That is
additional or alternate sensors can be utilized for occupancy and motion detection of a

structure that utilizes the lighting control sub-system 200. The sensor 240 is coupled
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to the smart sensor CPU 245, and the sensor 240 generates a sensed input. For at least
one embodiment, at least one of the sensors is utilized for communication with the

user device.

For an embodiment, the temperature sensor 243 is utilized for motion tracking.
For an embodiment, the temperature sensor 243 is utilized to determine how much
and/or how quickly the temperature in the room has increased since the start of, for
example, a meeting of occupants. How much the temperate has increased and how
quickly the temperature has increased can be correlated with the number of the
occupants. All of this is dependent on the dimensions of the room and related to
previous occupied periods. Por at least some embodiment, estimates and/or
knowledge of the number of occupants within a room are used to adjust the HVAC
(heating, ventilation and air conditioning) of the room. For an embodiment, the
temperature of the room is adjusted based on the estimated number of occupants in

the room.

According to at least some embodiments, the controllers (manager CPU 220
and the smart sensor CPU) are operative to control a light output of the luminaire 240
based at least in part on the sensed input, and communicate at least one of state or

sensed information to the external device.

For at least some embodiments, the high-voltage manager 204 receives the
high-power voltage and generates power control for the luminaire 240, and generates
a low-voltage supply for the smart sensor system 202. As suggested, the high-voltage
manager 204 and the smart sensor system 202 interact to control a light output of the
luminaire 240 based at least in part on the sensed input, and communicate at least one
of state or sensed information to the external device. The high-voltage manager 204
and the smart sensor system 202 can also receive state or control information from the
external device, which can influence the control of the light output of the luminaire
240. While the manager CPU 220 of the high-voltage manager 204 and the smart
sensor CPU 245 of the smart sensor system 202 are shown as separate controllers, it is
to be understood that for at least some embodiments the two separate controllers

(CPUs) 220, 245 can be implemented as single controller or CPU.
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For at least some embodiments, the communication interface 250 provides a
wireless link to external devices (for example, the central controller, the user device

and/or other lighting sub-systems or devices).

An embodiment of the high-voltage manager 204 of the lighting control sub-
system 200 further includes an energy meter (also referred to as a power monitoring
unit), which receives the electrical power of the lighting control sub-system 200. The
energy meter measures and monitors the power being dissipated by the lighting
control sub-system 200. For at least some embodiments, the monitoring of the
dissipated power provides for precise monitoring of the dissipated power. Therefore,
if the manager CPU 220 receives a demand response (typically, a request from a
power company that is received during periods of high power demands) from, for
example, a power company, the manager CPU 220 can determine how well the
lighting control sub-system 200 is responding to the received demand response.
Additionally, or alternatively, the manager CPU 220 can provide indications of how

much energy (power) is being used, or saved.

Figure 3 shows multiple sensors, including specific sensors and neighboring
sensors of the specific sensors, according to an embodiment. As shown, a specific
sensor S1 is identified. For an embodiment, location information of the sensors is
utilized to identify neighboring sensors. The neighbor sensor determinations can be
predetermined, or adaptively adjusted and selected based on the type of motion being
tracked. For an embodiment, the neighboring sensors are preselected (chosen
beforehand) and a not changed after being selected. For an embodiment, a
neighboring status of two previously selected neighboring sensors can be updated or
changed if the motion sensing patterns are not reflected by the motion sensing

patterns of typical neighboring sensors.

As shown in Figure 3, sensors S2, 83, S4, S5 are neighboring sensor of sensor
S1. Therefore, when sensor S1 is determined to have sensed motion greater than a
threshold, the neighboring sensors S2, S3, S4, S5 are checked to determine whether
they sensed motion of greater than the threshold, or greater than a second threshold
during the same time interval. For an embodiment, the neighboring sensors that do

sense motion of greater than the threshold, or greater than a second threshold during
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the same time interval are included within a group established by the motion sensing

of the sensor S1.

Further, as shown in Figure 3, other proximate sensors are determined not to
be neighboring sensor of S1. For an embodiment, sensors S6, S7, S8, S9, $10, S11
are not neighboring sensor because, for example, they are located more than a

threshold distance away from the sensor S1.

As previously described, additional or alternate criteria can be used for the
determination or selection of which sensor are designated as neighboring sensors
other than distance alone. The neighboring sensor determinations can also take into
account sensor spacing, other sensors in the area, as well as walls and obstructions.
The distance threshold for determining neighboring sensors does not have to be
preselected. For an exemplary embodiment, the distance threshold is two times the

average distance between a sensor and its second closest sensor.

For example, the sensor S10 of Figure 3 could be selected as a neighboring
sensor of S11 because there is no sensor located directly above sensor S3. However,
if there was a sensor location just above S3, then sensor S10 and sensor S11 would

not be selected as neighboring sensors.

Figure 4 shows invalid groups of sensors, according to an embodiment. As
described, groups of sensor are identified over time intervals, and motion is tracked
by linking the groups of the different time intervals. At least some embodiments
include identifying groups that are initially selected, and then the shape of the group is
refined (that is, modifying the sensors that are included within the group). For an
embodiment, refining the shape of the group include identifying shape of the group
that are not allowed for a valid group. Dor at least some embodiments, this includes
identifying invalid shapes, and the changing the sensors included within the group to
make the group into a valid or acceptable shape, or ignoring the motion tracking of

the group.

Figure 4 shows some exemplary invalid shapes. A first shape “A” includes a
shape in the form of a “C”. This shape of this group includes an interior sensor 410
which is not allowable. Therefore, the shape of this group is to be modified to

eliminate the interior sensors.
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A second shape “B” includes a shape in the form of a “O”. This shape of this
group includes an interior sensor 430 which is not allowable. Therefore, the shape of

this group is to be modified to eliminate the interior sensors.

For an embodiment, an interior sensor is a non-active sensor (that is, a sensor
that does not sense motion of greater than a motion threshold), wherein an angular
separation between neighboring active sensors of the group is less than a threshold
amount. For a specific embodiment, the threshold amount is approximately 135
degrees. This relationship hold true for both of the interior sensors of the first shape
and second shape described above. Therefore, an embodiment includes invalidating a
group of sensors of an internal non-active sensor has an angular separation between
active sensors within the group of less than a threshold angle or amount. The sensors

of the group are reselected to eliminate the non-active interior sensor.

A third shape “C” includes a shape in the form of an “L.”. Analysis of this
shape, however, reveals that there are not interior sensors. That is, for each of the
interior sensor candidates, there is an angular separation (as shown by the arrows) that

is greater than 135 degrees.

However, the “L.” shaped group could be broken down to eliminate sensors for

other reasons.

Figure 5 shows a group of sensors being tracked over multiple frames,
according to an embodiment. For an embodiment, sensors of a group are not allowed
to be greater than a predetermined distance from each other. For example, the group
of time interval T2 of Figure 5 includes sensors Sx, Sy, Sz that can be determined to
be physically too far in distance from the sensor Sa. Therefore, the sensors Sx, Sy, Sz
can be eliminated from group of the time interval T2. For an embodiment, the sensors

Sx, Sy, Sz can be the basis for the formation of a new group.

Figure 6 shows an initially identified group of sensors being split, according to
an embodiment. As previously stated, the sensors Sx, Sy, Sz can be the basis for the
formation of a new group, Group2. Figure 6 shows subsequent groups of following
time intervals T1, T2, T3, T4. As show, the group of the time interval TO may
provide the basis for more than one group. For an embodiment, the initial group is

split, and separate groups are tracked over the subsequent time intervals.
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Figure 7 shows an initially identified group of sensors being split, and two
separate trails being formed, according to an embodiment. As shown, a group is
initially formed at time interval TO. Further, the group is tracked to time interval T1.
However, at time interval T2, the group is split into two groups because retaining the
active sensor as one group would be, for example, too large. At time intervals T3, T4,
TS5, the existing group and the newly formed group create two separate trails (trail 1,

trail 2).

Figure 8 shows an obstruction that includes a doorway, and formation of the
group, according to an embodiment. This doorway and wall obstruction is similar to
one depicted in Figure 1. However, the potential group formed by the activated or
triggered sensors S1 — S11 that sense motion greater than the motion threshold,
encompasses the wall 810, and passes through the doorway 820. However, as
previously mentioned, at least some embodiment include a distance threshold in
which activated sensors that are initially identified as member cannot be retained as
members if the distance between them exceeds the distance threshold. In relation to
the initially identified group of sensors S1 — S11, and embodiment includes the
distance between sensors being measured around and obstacles, such as the wall 810.
Therefore, the distance is measured as depicted by the distance arrow. That is, the
distance extends from S1 to S11 through the doorway 820. In order for the initially

identified group to be retained, this distance must be less than the distance threshold.

Figure 9 is a flow chart that includes steps of a method of tracking motion,
according to another embodiment. A first step 910 includes identifying a group of
sensors that includes a plurality of neighboring sensors sensing motion greater than a
motion threshold during a time interval. A second step 920 includes tracking motion,
comprising linking the group to at least one past group of at least one past time

interval.

While the describe embodiments include tracking motion of identified groups
across multiple time intervals, it is to be understood that for at least some
embodiments a lack of motion is tracked. This is useful, for example, for tracking

movement of an occupant who may have stopped moving.

10
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For an embodiment, the tracked motion of the group includes at least one of
the plurality of neighboring sensors within the group being different than a plurality
of sensors of the at least one past group. That is, if for example, an occupant is
moving within an area or a structure, the group of sensors that detect motion of the
occupant changes from one time interval to a following time interval. At least some
embodiments include confirming that the group changes are large enough to

constitute motion of the group.

For at least some embodiments, the group of sensors is a subset of a larger set
of sensors, and location data of each of the larger set of sensors is obtained, thereby
allowing a determination of which of the larger set of sensors are neighboring sensors.
That is, the group of sensors belongs or is within a larger set of sensors that are spaced
about an area, room or structure. For at least some embodiments, the tracking of
motion needs knowledge of what sensors are neighboring sensors. Information about
the location of each of the sensors of the larger set of sensors allows a determination
of which sensor are neighboring sensors. For example, the set of sensor closest to a
sensor can be determined to be neighboring sensors. The set of sensors that are within
a threshold of physical distance from a sensor can be determined to be neighboring

SENSOrs.

At least some embodiments include obtaining location data of obstructions
located within the larger set of sensors. This information can be useful for group
determination. For example, sensors may be identified as neighboring sensors based
on their location. However, if the sensor are on opposite sides of an obstruction (such
as, a wall) then it can be determined that the neighboring sensors cannot be included
within a common group. Further, if a large group of sensors is formed that includes
sensors in a doorway and sensors on both sides of walls, sensors far away from the
doorway should not be included within the grouping. Further, if tracked motion
appears to travel straight through an obstruction, a path of the tracked motion can be

altered to pass around the obstruction.

For at least some embodiments, identifying the group of sensors that are
included within the plurality of neighboring sensors sensing motion greater than the
threshold during a time interval includes identifying a sensor that senses motion

greater than the threshold, and then searching identified neighboring sensors of the

11
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sensor to find sensors that also sense motion greater than the motion threshold during
the time interval. Por at least some other embodiments, identifying the group of
sensors that are included within the plurality of neighboring sensors sensing motion
greater than the threshold during a time interval includes identifying a sensor that
senses motion greater than the threshold, and then searching identified neighboring
sensors of the sensor that also sense motion greater than a second motion threshold
during the time interval. For an embodiment, the second motion threshold is less than

the first motion threshold.

At least some embodiments further include refining the group of sensors,
including checking locations of each of the plurality of sensors of the group and
comparing the locations within locations of known obstructions, and eliminating
sensor of the group that cannot be included within the group due to the location of the
obstruction. That is, once a group of sensor is identified, the group is further analyzed
to make sure it makes physical sense. That is, the group does not include sensors
which clearly cannot be in a common group because an obstruction is located between

sensors of the group.

At least some embodiments further include refining the group of sensors by
determining whether the group is too large. That is, an initially determined group
may be too large to actually make such a grouping possible. A threshold number of
sensors can be selected in which a grouping is limited to be less than. For an
embodiment, the refining of the group includes eliminating the existence of sensors of
a group that are located a physical distance of greater than a threshold. That is, a
physical distance can be selected or identified, wherein two sensors cannot be within a
common group if the physical distance between them exceeds the selected or

identified distance threshold.

For at least some embodiments, if the group is determined to be too large, then
the group is split into multiple groups or one or more sensors are eliminated from the
group. For an embodiment, if the group is split, then a determination is made of how
many groups the sensors are split into (that is, 0, 1, 2, ...) where the groups formed
(taking into account recent movement of groups), and which groups certain sensor are

to belong.

12
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At least some embodiments further include determining whether the group has
a proper shape, comprising analyzing the plurality of sensors of the group to
determine that locations of each of the sensors of the plurality of sensors indicates
maintaining the sensor within the group. For an embodiment, determining whether
the group has a proper shape includes identifying whether the group includes inactive

interior sensors.

For at least some embodiment, tracking motion of the group includes matching
the group of a current time interval with groups of prior time intervals to determine

whether a trail of motion of the group is formed over a plurality of the time intervals.

At least some embodiments include confirming that the group originated from
the at least one past group of at least one past time interval, including confirming that
the group is location within a common area as the at least one past group, confirming
that the group includes at least one neighboring sensors of the at least one past group.
At least some embodiments include confirming that the group originated from the at
least one past group of at least one past time interval, comprising confirming that the
group is location within a common area as the at least one past group, confirming that
the group includes at least one neighboring sensors that is a neighboring sensor of at

least one sensor of the at least one past group.

At least some embodiments include designating the group as a child of the at
least one prior group upon confirmation of origination. At least some embodiments
include evaluating all child groups of a prior group to determine which of the child
groups provides a most likely trail of the prior group. At least some embodiments
include ranking each of the child groups based on at least one of a number of shared
sensors, a quantity of sensors within the child group, a direction of travel between the
prior group and the child group, and selecting the child group with the highest rank as
the most likely trail of the prior group. Further, groups that include back and forth

motion (jitter) may not be tracked.

Although specific embodiments have been described and illustrated, the
described embodiments are not to be limited to the specific forms or arrangements of
parts so described and illustrated. The embodiments are limited only by the appended

claims.

13
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CLAIMS

What is claimed:

1. A method of tracking motion, comprising:
identifying a group of sensors that includes a plurality of neighboring
sensors sensing motion greater than a motion threshold during a time interval;
tracking motion, comprising linking the group to at least one past

group of at least one past time interval.

2. 'The method of claim 1, wherein tracked motion of the group includes at least
one of the plurality of neighboring sensors within the group being different

than a plurality of sensors of the at least one past group.

3. The method of claim 1, wherein the group of sensors is a subset of a larger set
of sensors, and further comprising obtaining location data of each of the larger
set of sensors, thereby allowing a determination of which of the larger set of

sensors are neighboring sensors.

4. The method of claim 1, further comprising obtaining location data of

obstructions located within the larger set of sensors.

5. The method of claim 1, wherein identifying the group of sensors that includes
the plurality of neighboring sensors sensing motion greater than the threshold
during a time interval comprises identifying a sensor that senses motion
greater than the threshold, and then searching identified neighboring sensors
of the sensor that also sense motion greater than the motion threshold during

the time interval.

6. The method of claim 5, further comprising refining the group of sensors,
comprising checking locations of each of the plurality of sensors of the group
and comparing the locations within locations of known obstructions, and
eliminating sensor of the group that cannot be included within the group due

to the location of the obstruction.

14
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10.

11.

12.

13.

14.

The method of claim 5, further refining the group of sensors, comprising

determining whether the group is too large.

The method of claim 7, wherein if the group is determined to be too large,
then splitting the group into multiple groups or eliminating one or more

sensors from the group.

The method of claim 7, wherein if the group is split, determining whether one

of more of multiple split groups should be combined with another group.

The method of claim 4, further comprising determining whether the group has
a proper shape, comprising analyzing the plurality of sensors of the group to
determine that locations of each of the sensors of the plurality of sensors

indicates maintaining the sensor within the group.

The method of claim 10, determining whether the group has a proper shape

includes identifying whether the group includes inactive interior sensors.

The method of claim 1, wherein tracking motion of the group comprises
matching the group of a current time interval with groups of prior time
intervals to determine whether a trail of motion of the group is formed over a

plurality of the time intervals.

The method of claim 1, further comprising confirming that the group changes

are large enough to constitute motion of the group.

The method of claim 1, further comprising confirming that the group
originated from the at least one past group of at least one past time interval,
comprising confirming that the group is location within a common area as the
at least one past group, confirming that the group includes at least one

neighboring sensors of the at least one past group.
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15.

16.

17.

18.

19.

20.

The method of claim 1, further comprising confirming that the group
originated from the at least one past group of at least one past time interval,
comprising confirming that the group is location within a common area as the
at least one past group, confirming that the group includes at least one
neighboring sensors that is a neighboring sensor of at least one sensor of the at

least one past group.

The method of claim 15, further comprising designating the group as a child of

the at least one prior group upon confirmation of origination.

The method of claim 16, further comprising evaluating all child groups of a
prior group to determine which of the child groups provides a most likely trail

of the prior group.

The method of claim 16, further comprising ranking each of the child groups
based on at least one of a number of shared sensors, a quantity of sensors
within the child group, a direction of travel between the prior group and the
child group, and selecting the child group with the highest rank as the most
likely trail of the prior group.

A system for tracking motion, comprising:

a plurality of sensors;

a controller that receives sense information from the plurality of
sensors, wherein the controller is operative to:

identify a group of sensors that includes a plurality of neighboring
sensors sensing motion greater than a threshold during a time interval;

track motion of the group, comprising linking the group to at least one

past group of at least one past time interval.
The system of claim 19, wherein tracked motion of the group includes at least

one of the plurality of neighboring sensors within the group being different

than a plurality of sensors of the at least one past group.

16



WO 2015/126672 PCT/US2015/015207
1/9

1200 °

' Controller

Occupancy Detection

190

o

Motion Monitoring

FIGURE 1



WO 2015/126672

PCT/US2015/015207
2/9
High-Voltage Dimming
Manager Manager Control >
CPU an_d a§sociated Light Unit
204 circuitry
Power
High Power
(External/Battery) f
Lighting Control Sub-
o Power System (Light Fixture)
200
vy
Corgm::;c:\luon Communication Smart Sensor Smart Sensor
o S Interface CPU System
202
250 235
A
y A A
Sensor 240
Light Motion Temperature Camera Air Quality
Sensor Sensor Sensor Sensor
241 242 243 244 245

FIGURE 2



WO 2015/126672 PCT/US2015/015207
3/9

O o O
O o ©
O o O
O o ©
O o ©

FIGURE 3



WO 2015/126672 PCT/US2015/015207
4/9

O 0O
0 0O e
o 0 (o
Angular Separation Less than
Q Q Q Q threshold, therefore, is an
interior sensor
A

Angular Separation Less than
o o threshold, therefore, is an
interior sensor

Angular Separation Greater
than threshold, therefore, not an
interior sensor

o O O O

FIGURE 4



PCT/US2015/015207

WO 2015/126672

5/9

\\\\\\\\\\\\\\\\\\\\\\

vvvvvvvvv

\\\\\\\\\\\\\

-

wwwwwwwwwww

:::::::::::::::

FIGURE 5



PCT/US2015/015207

WO 2015/126672

6/9

\\\\\\\\\

FIGURE 6



PCT/US2015/015207

WO 2015/126672

7/9

wwwwww

:::::::::::

wwwwwwwwww

O

O

N P
/ . L ~
J S e N
/ \
! N
/ 3
1
f
\
! \
'
v

O

O

O
O

o o O 0O

O

O

O

FIGURE 7



WO 2015/126672 PCT/US2015/015207
8/9

O
O

O O | O O O O 0O 0O
O O o o O O O
O O o O O O O
O O o O O O O
O O o O O O O
O O o o O O O

— 810

FIGURE 8



WO 2015/126672 PCT/US2015/015207
9/9

Identifying a group of sensors that includes a plurality of neighboring sensors sensing motion
greater than a motion threshold during a time interval

10

) J

Tracking motion, comprising linking the group to at least one past group of at least one past
time interval

20

FIGURE 9




International application No.

PCT/US2015/015207

INTERNATIONAL SEARCH REPORT

A, CLASSIFICATION OF SUBJECT MATTER
GO6F 3/01(2006.01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GO6F 3/01; GO6F 19/00; GO6F 3/03; F21V 23/04; GO5SD 7/06; GO5B 11/01; F24F 11/00, GO6T 7/20, GO5D 23/19

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

Electromnic data base consulted during the international search (name of data base and, where practicable, search terms used)
¢KOMPASS(KIPO internal) & Keywords: environmental control, tracking motion, group, sensor, threshold, time interval, linking,
neighboring, past, location

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2013-055137 Al (SAMSUNG ELECTRONICS CO., LTD.) 18 April 2013 1-5,7-10,12-13
See paragraphs [0046], [0059], [0061], [0066]-[0067]1, [0070]1, [0074], [0082], ,19-20
[0089], [0141]-[01441, [0161]; claims 4, 17-18; and figures 3-5.
A 6,11,14-18
A WO 2013-001407 A1l (KONINKLIJKE PHILIPS ELECTRONICS N.V.) 03 January 2013 1-20
See pages 6-7; claims 1-2, 11, 13; and figure 1.
A US 2013-0073093 A1l (PORNSAK SONGKAKUL) 21 March 2013 1-20
See paragraphs [0058]1-[0089]; claims 1, 6; and figures 4-5.
A US 8630741 B1 (YOKY MATSUOKA et al.) 14 January 2014 1-20
See column 11, line 55 — column 12, line 51; column 18, line 57 - column 19,
line 11; claim 2; and figures 12, 21.
A US 2012-0123563 A1 (JOHN DRINKARD) 17 May 2012 1-20
See paragraphs [0020]-[0031], [0062]-[0066]; claims 1-2, 6-7; and
figures 2, 7.

|:| Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the applicationbut cited to understand
to be of particular relevance the principle or theory underlying the invention
"E"  earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O"  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&"  document member of the same patent family

than the priority date claimed

Date of the actual completion of the international search
09 May 2015 (09.05.2015)

Date of mailing of the international search report

11 May 2015 (11.05.2015)

Name and mailing address of the ISA/KR

Intemational Application Division

Korean I[ntellectual Property Office

189 Cheongsa-to, Seo-gu, Dagjeon Metropolitan City, 302-701,
Republic of Korea

Facsimile No. ++82 42 472 7140

K

Authorized officer

BYUN, Sung Cheal

Telephone No. +82-42-481-8262

St SN

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




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2015/015207

Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2015-055137 Al 18/04/2013 CN 103858075 A 11/06/2014
EP 2767889 Al 20/08/2014
JP 2014-535098 A 25/12/2014
KR 10-2013-0040517 A 24/04/2013
US 2014-0320403 Al 30/10/2014

WO 2013-001407 Al 03/01/2013 None

US 2013-0073093 Al 21/03/2013 CA 2849007 Al 28/03/2013
CN 103890668 A 25/06/2014
EP 2758839 A2 30/07/2014
MX 2014003319 A 21/05/2014
WO 2013-043576 A2 28/03/2013
WO 2013-043576 A3 11/07/2013

US 8630741 B1 14/01/2014 US 2014-101082 Al 10/04/2014

US 2012-0123563 Al 17/05/2012 CN 103415876 A 27/11/2013
EP 2641236 Al 25/09/2013
JP 2014-504394 A 20/02/2014
WO 2012-068329 Al 24/05/2012

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 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - wo-search-report
	Page 28 - wo-search-report

