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ABSTRACT

A sensing system includes a wireless sensor configured to

detect a current sensed value of an environmental condition,
the wireless sensor programmed with a delta threshold; a
thermostat 1n communication with the wireless sensor;

wherein, when the current sensed value differs from a prior
transmitted sensed value by more than the delta threshold,

the wireless sensor transmits the current sensed value to the
thermostat; wherein, when the current sensed value differs

from the prior transmltted sensed value by less than the delta

threshold, the wireless sensor stores the current sensed value
a stored sensed value.
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POWER SAVINGS FOR WIRELESS SENSORS

FOREIGN PRIORITY

[0001] This application claims priority to Indian Patent
Application No. 201811040104, filed Oct. 24, 2018, and all
the benefits accruing therefrom under 35 U.S.C. § 119, the
contents of which 1n its entirety are herein incorporated by
reference.

BACKGROUND

[0002] The embodiments described herein relate generally
to sensing systems including wireless sensors, and more
particularly to power savings for wireless sensors 1 a
sensing system.

[0003] Wireless sensors may be used to sense environ-
mental parameters, such as temperature and humidity, and
report the sensor data to a sync node or master over an RF
protocol. The wireless sensors are typically battery operated
and power conservation 1s an important factor. Of all the
components in the wireless sensor, typically RF communi-
cation takes more power as compared to sampling and
processing of data.

SUMMARY

[0004] According to an embodiment, a sensing system
includes a wireless sensor configured to detect a current
sensed value of an environmental condition, the wireless
sensor programmed with a delta threshold; a thermostat 1n
communication with the wireless sensor; wherein, when the
current sensed value differs from a prior transmitted sensed
value by more than the delta threshold, the wireless sensor
transmits the current sensed value to the thermostat;
wherein, when the current sensed value diflers from the prior
transmitted sensed value by less than the delta threshold, the
wireless sensor stores the current sensed value as a stored
sensed value.

[0005] In addition to one or more of the features described
herein, or as an alternative, further embodiments of the
system may 1nclude wherein, when one or more stored
sensed values exceeds a limit, the wireless sensor transmits
at least one stored sensed value to the thermostat.

[0006] In addition to one or more of the features described
herein, or as an alternative, further embodiments of the
system may include wherein the limait 1s one of a number of
stored sensed values, a size of the stored sensed values or a
time since a last transmission from the wireless sensor to the
thermostat.

[0007] In addition to one or more of the features described
herein, or as an alternative, further embodiments of the
system may include wherein the thermostat adjusts the delta
threshold 1n the wireless sensor.

[0008] In addition to one or more of the features described
herein, or as an alternative, further embodiments of the
system may include wherein the thermostat adjusts the delta
threshold in the wireless sensor 1n response to an operating,
mode of the thermostat.

[0009] In addition to one or more of the features described
herein, or as an alternative, further embodiments of the
system may include wherein the thermostat adjusts the delta
threshold 1n the wireless sensor 1n response to battery life of
a battery in the wireless sensor.

[0010] In addition to one or more of the features described
herein, or as an alternative, further embodiments of the
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system may include wherein the thermostat adjusts the delta
threshold 1n the wireless sensor in response to a user iput.
[0011] In addition to one or more of the features described
herein, or as an alternative, further embodiments of the
system may 1include wherein the delta threshold in the
wireless sensor 1s adjusted by a remote computing system.
[0012] According to another embodiment, a method
includes detecting, at a wireless sensor, a current sensed
value of an environmental condition, the wireless sensor
programmed with a delta threshold; when the current sensed
value differs from a prior transmitted sensed value by more
than the delta threshold, transmitting the current sensed
value; wherein, when the current sensed value differs from
the prior transmitted sensed value by less than the delta
threshold, storing the current sensed value as a stored sensed
value at the wireless sensor.

[0013] In addition to one or more of the features described
herein, or as an alternative, further embodiments of the
method may include wherein, when one or more stored
sensed values exceeds a limit, transmitting at least one
stored sensed value.

[0014] In addition to one or more of the features described
herein, or as an alternative, further embodiments of the
method may include wherein the limait 1s one of a number of
stored sensed values, a size of the stored sensed values or a
time since a last transmission from the wireless sensor.
[0015] In addition to one or more of the features described
herein, or as an alternative, further embodiments of the
method may include adjusting the delta threshold.

[0016] In addition to one or more of the features described
herein, or as an alternative, further embodiments of the
method may include wherein adjusting the delta threshold
occurs 1n response to battery life of a battery in the wireless
SEeNnsor.

[0017] In addition to one or more of the features described
herein, or as an alternative, further embodiments of the
method may include wherein adjusting the delta threshold
occurs 1n response to a user mput.

[0018] In addition to one or more of the features described
herein, or as an alternative, further embodiments of the
method may include adjusting the delta threshold in the
wireless sensor by a remote computing system.

[0019] According to another embodiment, a computer
program product, tangibly embodied on a computer readable
medium, the computer program product including nstruc-
tions that, when executed by a processor, cause the processor
to perform operations including: detecting, at a wireless
sensor, a current sensed value of an environmental condi-
tion, the wireless sensor programmed with a delta threshold;
when the current sensed value differs from a prior transmit-
ted sensed value by more than the delta threshold, transmit-
ting the current sensed value; wherein, when the current
sensed value differs from the prior transmitted sensed value
by less than the delta threshold, storing the current sensed
value as a stored sensed value at the wireless sensor.
[0020] Technical effects of embodiments of the present
disclosure 1nclude the saving of power by a wireless sensor
by transmitting sensor data when a current sensed value 1s
different than a prior transmitted value by a delta threshold.

[0021] The foregoing features and elements may be com-
bined 1n various combinations without exclusivity, unless
expressly indicated otherwise. These features and elements
as well as the operation thereot will become more apparent
in light of the following description and the accompanying
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drawings. It should be understood, however, that the fol-
lowing description and drawings are intended to be 1llustra-
tive and explanatory in nature and non-limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The present disclosure i1s illustrated by way of
example and not limited in the accompanying figures in
which like reference numerals indicate similar elements.

[0023] FIG. 1 depicts a sensing system in an example
embodiment:;

[0024] FIG. 2 depicts a wireless sensor in an example
embodiment;

[0025] FIG. 3 depicts process executed by the sensing
system 1n an example embodiment.

DETAILED DESCRIPTION

[0026] FIG. 1 1s depicts a sensing system 10 1n an example
embodiment. The sensing system 10 includes a plurality of
wireless sensors 12 that detect environmental conditions,
such as temperature and/or humidity. The wireless sensors
12 may be in communication with a thermostat 20. The
wireless sensors 12 communicate with the thermostat 20
over a wirelesses network 18. The thermostat 20 sends
controls signals to an HVAC system (not shown) to control
environmental conditions 1n areas monmitored by the wireless
sensors 12. A remote device 27 (e.g., a phone, tablet, digital
assistant, watch, wearable, etc.) may interface with the
sensing system 10 over the network 18. A remote computing
system 29, such as a server or distributed computing net-
work (e.g., cloud computing) may interface with the wire-
less sensors 12 and/or the thermostat 20 via network 18, as
described herein.

[0027] The thermostat 20 may include a processor 22,
memory 24 and communication module 26 as shown 1n FIG.
1. The processor 22 can be any type or combination of
computer processors, such as a microprocessor, microcon-
troller, digital signal processor, application specific inte-
grated circuit, programmable logic device, and/or field pro-
grammable gate array. The memory 24 1s an example of a
non-transitory computer readable storage medium tangibly
embodied 1n the thermostat 20 1including executable 1nstruc-
tions stored therein, for instance, as firmware. The commu-
nication module 26 may implement one or more communi-
cation protocols as described in further detail herein. The
thermostat 20 may also include a user interface 28 to provide

for programming delta thresholds for each wireless sensor
12, as described 1n further detail herein.

[0028] FIG. 2 depicts a wireless sensor 12 1n an example
embodiment. The wireless sensor 12 may include a proces-
sor 32, memory 34 and communication module 36 as shown
in FIG. 2. The processor 32 can be any type or combination
of computer processors, such as a microprocessor, micro-
controller, digital signal processor, application specific inte-
grated circuit, programmable logic device, and/or field pro-
grammable gate array. The memory 34 1s an example of a
non-transitory computer readable storage medium tangibly
embodied in the wireless sensor 12 including executable
instructions stored therein, for instance, as firmware. The
communication module 36 may implement one or more
communication protocols as described 1n further detail
herein. A sensing element 38 senses an environmental con-
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dition (e.g., temperature, humidity, etc.) 1n an area adjacent
the wireless sensor 12. A battery 40 powers the components
of the wireless sensor 12.

[0029] As noted above, the thermostat 20 communicates
with the wireless sensors 12 over the wireless network 18.
Communication between the thermostat 20 and the wireless
sensors 12 may be performed using known wireless proto-
cols (e.g., 802.xx, Zighee, BTLE, PAN, etc.). The wireless
communication protocols are implemented by the commu-
nication module 26 in the thermostat 20 and the communi-
cation module 36 in the wireless sensor 12. Network 18 also
supports communication with the remote computing system
29 using wireless and/or wired protocols (LAN, WAN,
cellular, GSM, etc.)

[0030] FIG. 3 depicts process executed by the sensing
system 10 1n an example embodiment. FIG. 3 1s described
with reference to a single wireless sensor, but i1t 1s under-
stood that the operations will be performed for each wireless
sensor 12. At 100, a delta threshold 1s programmed to the
wireless sensor 12. Each wireless sensor 12 may be pro-
grammed with a different delta threshold. For example, a sun
room may be programmed with a large delta threshold as
temperature variations are acceptable, whereas a master
bedroom may be programmed with a small delta threshold.
The delta thresholds may vary depending on the sensed
condition. For example, the delta threshold for temperature
may be different than the delta threshold for humidity. The
delta threshold may be stored 1n memory 34 of the wireless
sensor 12.

[0031] At 102, the wireless sensor 12 transmits an 1nitial
sensed value to the thermostat 20. This entails powering on
the communications module 36, sending the sensed value to
the thermostat over network 18 and powering ofl the com-
munications module 36 to conserve power.

[0032] At 104, the wireless sensor 12 obtains a current
sensed value from the sensing element 38. This may occur
periodically (e.g., every 30 seconds).

[0033] At 106, the processor 32 of the wireless sensor 12
determines 1f the current sensed value 1s different than the
prior transmitted sensed value by more than the delta
threshold. The prior transmitted sensed value corresponds to
the most recent sensed value transmitted from the wireless
sensor 12 to the thermostat 20. If so, flow proceeds to 108
where the wireless sensor 12 transmits the current sensed
value, which then serves as the next, prior transmitted value.
At 108, the wireless sensor 12 may also transmit the battery
level of the battery 40 to the thermostat 20. Transmitting the
current sensed value includes powering on the communica-
tions module 36, sending the current sensed value to the
thermostat 20 and then powering off the communication
module 36. The decision made at 106 may be represented as
follows: 1f I current temp—-transmitted temp I>delta-thresh-
old-temperature; OR 1if 1 current humidity-transmitted
humidity I>delta-threshold-humidity; then transmit current
sensed value and make prior transmitted value=current
sensed value.

[0034] Ifat 106, the processor 32 of the wireless sensor 12
determines that the current sensed value 1s not different than
the prior transmitted sensed value by more than the delta
threshold, flow proceeds to 110 where the current sensed
value 1s stored 1n memory 34.

[0035] At 112, the processor 32 of the wireless sensor 12
determines 1f a limit has been exceeded. The limit may be
represented as a number of stored, sensed values without a
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transmission to the thermostat 20. The limit may also be
represented as a size limit (e.g., 1 megabyte of stored sensed
values). The limit may also be represented as a time limit
(e.g., 4 hours have passed since last transmission). If the
limit 1s exceeded, then flow proceeds to 114 where the
wireless sensor 12 sends at least one stored, sensed value
from the memory 34 to the thermostat 20. If the limait relates
to the number or size of the stored, sensed values, the
wireless sensor 12 may transmit all the stored, sensed values
from memory 34 to the thermostat 20. If the limit relates to
a time period without transmission, the wireless sensor 12
may transmit one stored, sensed value from the memory 34
to the thermostat 20, to indicate that the wireless sensor 12
1s still operating normally. At 114, the wireless sensor may
also 1nclude the current battery level of battery 40. Trans-
mitting the at least one stored, sensed value includes pow-
ering on the communications module 36, sending the at least
one stored, sensed value to the thermostat 20 and powering
off the communication module 36.

[0036] The delta thresholds programmed at each wireless
sensor 12 may be updated in real time by the thermostat 20.
The thermostat 20 may adjust the delta threshold at one or
more wireless sensors 12 1n response to an operating mode
of the thermostat. For example, 1f the thermostat 20 1s 1n
AWAY mode (e.g., no occupants) the delta thresholds may
be increased to conserve battery life of the wireless sensors
12. The thermostat 20 may adjust the delta threshold at one
or more wireless sensors 12 1n response to the battery level
of the battery 40. For example, 1f the battery level for a
battery 40 in a wireless sensor 12 1s low, then the thermostat
20 may adjust the delta threshold to increase the delta
threshold, which will conserve battery life. The delta thresh-
old may be set to zero, so that every sensed value 1is
transmitted from the wireless sensor 12 to the thermostat 20.

[0037] The configuration parameters of the wireless sen-
sors 12 may be adjusted remotely. For example, the delta
thresholds, sampling intervals, etc. of one or more wireless
sensors 12 may be adjusted by a user, either through the user
interface 28 of the thermostat 20 or through the remote
device 27 over the network 18. A user mnput may be sent to
increase or decrease the delta threshold stored 1n one or more
wireless sensors 12. The configuration parameters of the
wireless sensors 12 may also be adjusted via the remote
computing system 29 over network 18 without user inter-
action with the thermostat 20 or mobile device 27.

[0038] As described above, embodiments can be 1n the
form of processor-implemented processes and devices for
practicing those processes, such as a processor in the wire-
less sensor 12 or a processor in the thermostat 20. Embodi-
ments can also be 1n the form of a computer program product
containing instructions embodied in tangible computer read-
able media, such as network cloud storage, SD cards, flash
drives, floppy diskettes, CD ROMSs, hard drives, or any other
computer-readable storage medium, wherein, when the com-
puter program code 1s loaded into and executed by a
computer, the computer becomes a device for practicing the
embodiments. Embodiments can also be 1n the form of
computer program code, for example, whether stored 1n a
storage medium, loaded 1nto and/or executed by a computer,
or transmitted over some transmission medium, such as over
electrical wiring or cabling, through fiber optics, or via
electromagnetic radiation, wherein, when the computer pro-
gram code 1s loaded into an executed by a computer, the
computer becomes an device for practicing the embodi-
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ments. When implemented on a general-purpose micropro-
cessor, the computer program code segments configure the
microprocessor to create specific logic circuits.

[0039] The terminology used herein 1s for the purpose of
describing particular embodiments only and 1s not intended
to be limiting of the present disclosure. As used herein, the
singular forms ““a”, “an” and “the” are intended to include
the plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“comprises” and/or “comprising,” when used 1n this speci-
fication, specily the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other
features, integers, steps, operations, element components,

and/or groups thereof.

[0040] Those of skill in the art will appreciate that various
example embodiments are shown and described herein, each
having certain features in the particular embodiments, but
the present disclosure 1s not thus limited. Rather, the present
disclosure can be modified to incorporate any number of
variations, alterations, substitutions, combinations, sub-
combinations, or equivalent arrangements not heretofore
described, but which are commensurate with the scope of the
present disclosure. Additionally, while various embodiments
of the present disclosure have been described, it 1s to be
understood that aspects of the present disclosure may
include only some of the described embodiments. Accord-
ingly, the present disclosure 1s not to be seen as limited by
the foregoing description, but 1s only limited by the scope of
the appended claims.

What 1s claimed 1s:
1. A sensing system comprising:
a wireless sensor configured to detect a current sensed

value of an environmental condition, the wireless sen-
sor programmed with a delta threshold;

a thermostat 1n communication with the wireless sensor;

wherein, when the current sensed value differs from a
prior transmitted sensed value by more than the delta
threshold, the wireless sensor transmits the current
sensed value to the thermostat;

wherein, when the current sensed value differs from the
prior transmitted sensed value by less than the delta
threshold, the wireless sensor stores the current sensed
value as a stored sensed value.

2. The sensing system of claim 1, wherein, when one or
more stored sensed values exceeds a limit, the wireless
sensor transmits at least one stored sensed value to the
thermostat.

3. The sensing system of claim 2, wherein the limit 1s one
of a number of stored sensed values, a size of the stored
sensed values or a time since a last transmission from the
wireless sensor to the thermostat.

4. The sensing system of claim 1, wherein the thermostat
adjusts the delta threshold in the wireless sensor.

5. The sensing system of claim 4, wherein the thermostat
adjusts the delta threshold in the wireless sensor 1n response
to an operating mode of the thermostat.

6. The sensing system of claim 4, wherein the thermostat
adjusts the delta threshold in the wireless sensor in response
to battery life of a battery 1n the wireless sensor.

7. The sensing system of claim 4, wherein the thermostat
adjusts the delta threshold in the wireless sensor in response
to a user 1put.
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8. The sensing system of claim 1, wherein the delta
threshold 1n the wireless sensor 1s adjusted by a remote
computing system.

9. A method comprising:

detecting, at a wireless sensor, a current sensed value of

an environmental condition, the wireless sensor pro-
grammed with a delta threshold;

when the current sensed value differs from a prior trans-

mitted sensed value by more than the delta threshold,
transmitting the current sensed value;

wherein, when the current sensed value differs from the

prior transmitted sensed value by less than the delta
threshold, storing the current sensed value as a stored
sensed value at the wireless sensor.

10. The method of claim 9, wherein, when one or more
stored sensed values exceeds a limit, transmitting at least
one stored sensed value.

11. The method of claim 9, wherein the limit 1s one of a
number of stored sensed values, a size of the stored sensed
values or a time since a last transmission from the wireless
Sensor.

12. The method of claim 9, further comprising adjusting
the delta threshold.
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13. The sensing system of claim 12, wherein adjusting the
delta threshold occurs 1n response to battery life of a battery
in the wireless sensor.

14. The method of claim 12, wherein adjusting the delta
threshold occurs 1n response to a user 1nput.

15. The method of claim 9, turther comprising adjusting
the delta threshold in the wireless sensor by a remote
computing system.

16. A computer program product, tangibly embodied on a
computer readable medium, the computer program product
including instructions that, when executed by a processor,
cause the processor to perform operations comprising:

detecting, at a wireless sensor, a current sensed value of

an environmental condition, the wireless sensor pro-

grammed with a delta threshold;

when the current sensed value differs from a prior
transmitted sensed value by more than the delta
threshold, transmitting the current sensed value;

wherein, when the current sensed value differs from the

prior transmitted sensed value by less than the delta

threshold, storing the current sensed value as a stored

sensed value at the wireless sensor.
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