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HVAC SYSTEM

BACKGROUND

[0001] The following description relates to home thermostats and, more specifically,
to a utilization of a home thermostat as a wireless gateway for reprogramming and accessing
diagnostic data from heating, ventilation and air conditioning (HVAC) equipment.

[0002] HVAC is the technology of indoor and vehicular environmental comfort and is
an important part of residential, industrial and commercial structures. The heating process in
HVAC systems provides for increases in indoor temperatures while the air conditioning
process provides for decreases in indoor temperatures. The ventilation processes involves
exchanges or replacements of air in a space to thus provide for high indoor air quality with
temperature control, oxygen replenishment and removal of moisture, odors, smoke, heat,
dust, airborne bacteria, carbon dioxide and other gases. Ventilation includes both the
exchange of indoor and outdoor air as well as the circulation of air within a building.

[0003] Home-based HVAC systems typically include an outdoor unit, an indoor unit,
a thermostat and one or more sensors in some cases. The thermostat is usually accessible to
the homeowner who uses the thermostat to set a desired temperature for an indoor space in a
home. The thermostat then operates the outdoor and indoor units so as to achieve that desired
temperature in a manner that also reduces costs and energy usage as much as possible. To this
end, if the temperature in the indoor space is lower than the desired temperature by a
predetermined degree, the thermostat will command the outdoor and indoor units to pump
heated air into the indoor space so as to raise the temperature of the indoor space beyond the
desired temperature by a predetermined degree. On the other hand, if the temperature in the
indoor space is higher than the desired temperature by a predetermined degree, the thermostat
will command the outdoor and indoor units to pump cool air into the indoor space so as to
lower the temperature of the indoor space beyond the desired temperature by a predetermined

degree.

BRIEF DESCRIPTION

[0004] According to an aspect of the disclosure, a heating, ventilation and air-
conditioning (HVAC) system for a structure is provided. The HVAC system includes one or
more of an outdoor unit disposed at an exterior of the structure and an indoor unit disposed at

an interior of the structure. Various operations of the one or more of the outdoor and indoor
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units are controllable to maintain desired environmental conditions in the interior of the
structure. At least one of the one or more of the outdoor and indoor units includes a wireless
transceiver which is wirelessly communicative with an external entity.

[0005] In accordance with additional or alternative embodiments, the at least one of
the one or more of the outdoor and indoor units further includes a processing element
configured to control equipment operations in accordance with control software and to
generate and store diagnostic information.

[0006] In accordance with additional or alternative embodiments, the control software
is updateable via wireless communications between the processing element and the external
entity.

[0007] In accordance with additional or alternative embodiments, the diagnostic
information is accessible via wireless communications between the processing element and
the external entity.

[0008] In accordance with additional or alternative embodiments, the external entity
includes at least one of a Cloud computing element and a portable computing device.

[0009] In accordance with additional or alternative embodiments, one or more sensors
are distributed throughout the interior of the structure to sense environmental conditions
therein.

[0010] In accordance with additional or alternative embodiments, network repeaters
are distributed to facilitate wireless communications between the wireless transceiver and the
external entity.

[0011] According to another aspect of the disclosure, a heating, ventilation and air-
conditioning (HVAC) system for a structure is provided. The HVAC system includes one or
more of an outdoor unit disposed at an exterior of the structure and an indoor unit disposed at
an interior of the structure. The HVAC system further includes a thermostat. The thermostat
is configured to control various operations of the one or more of the outdoor and indoor units
to maintain desired environmental conditions in the interior of the structure. At least one of
the one or more of the outdoor and indoor units includes a wireless transceiver. The
thermostat is wirelessly communicative with an external entity and the at least one of the one
or more of the outdoor and indoor units.

[0012] In accordance with additional or alternative embodiments, one or more sensors
are distributed throughout the interior of the structure to sense environmental conditions

therein.
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[0013] In accordance with additional or alternative embodiments, network repeaters
are distributed to facilitate wireless communications between the thermostat, the external
entity and the at least one of the one or more of the outdoor and indoor units.

[0014] In accordance with additional or alternative embodiments, the at least one of
the one or more of the outdoor and indoor units further includes a processing element
configured to control equipment operations in accordance with control software and to
generate and store diagnostic information. The control software is updateable and the
diagnostic information is accessible via wireless communications between the processing
element, the thermostat and the external entity.

[0015] In accordance with additional or alternative embodiments, the external entity
includes at least one of a Cloud computing element and a portable computing device.

[0016] In accordance with additional or alternative embodiments, wherein the HVAC
system includes both of the outdoor and indoor units and each of the outdoor and indoor units
includes a wireless transceiver.

[0017] In accordance with additional or alternative embodiments, one or more sensors
are distributed throughout the interior of the structure to sense environmental conditions
therein.

[0018] In accordance with additional or alternative embodiments, network repeaters
are distributed to facilitate wireless communications between the thermostat, the external
entity and the outdoor and indoor units.

[0019] In accordance with additional or alternative embodiments, the outdoor unit
further includes a first processing element configured to control operations of equipment of
the outdoor unit in accordance with first control software and to generate and store first
diagnostic information and the indoor unit further includes a second processing element
configured to control operations of equipment of the indoor unit in accordance with second
control software and to generate and store second diagnostic information. The first and
second control software is updateable and the first and second diagnostic information is
accessible via wireless communications between the first and second processing elements, the
thermostat and the external entity.

[0020] In accordance with additional or alternative embodiments, the external entity
includes at least one of a Cloud computing element and a portable computing device.

[0021] According to another aspect of the disclosure, a method of operating a heating,
ventilation and air-conditioning (HVAC) system for a structure is provided. The method

includes establishing wireless communications with at least one of a thermostat of the HVAC
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system and an external entity and with at least one of an outdoor unit and an indoor unit of
the HVAC system. The method further includes at least one of updating control software of
the at least one of the outdoor and indoor units via the wireless communications and
accessing diagnostic information of the at least one of the outdoor and indoor units via the
wireless communication.

[0022] In accordance with additional or alternative embodiments, the establishing of
the wireless communications includes providing the thermostat of the HVAC system as a
gateway between the external entity and the at least one of the outdoor and indoor units.

[0023] In accordance with additional or alternative embodiments, the external entity
includes at least one of a Cloud computing element and a portable computing device.

[0024] These and other advantages and features will become more apparent from the

following description taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The subject matter, which is regarded as the disclosure, is particularly pointed
out and distinctly claimed in the claims at the conclusion of the specification. The foregoing
and other features, and advantages of the disclosure are apparent from the following detailed
description taken in conjunction with the accompanying drawings in which:

[0026] FIG. 1 is a perspective view of a structure in which a heating, ventilation and
air-conditioning (HVAC) system is deployed in accordance with embodiments;

[0027] FIG. 2 is a schematic diagram of a processing element of the outdoor unit of
the HVAC system of FIG. 1;

[0028] FIG. 3 is a schematic diagram of a processing element of the indoor unit of the
HVAC system of FIG. 1;

[0029] FIG. 4 is a schematic diagram of wireless communications established for the
HVAC system of FIG. 1 in accordance with embodiments; and

[0030] FIG. 5 is a flow diagram illustrating a method of operating an HVAC system
in accordance with embodiments.

[0031] These and other advantages and features will become more apparent from the

following description taken in conjunction with the drawings.

DETAILED DESCRIPTION
[0032] As will be described below, a heating, ventilation and air-conditioning
(HVAC) system for a structure is provided. The HVAC system includes an outdoor unit
4
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disposed at an exterior of the structure and an indoor unit disposed at an interior of the
structure. Various operations of the outdoor and indoor units are controllable to maintain
desired environmental conditions in the interior of the structure and at least one of the
outdoor and indoor units being wirelessly communicative with an external entity.

[0033] With reference to FIGS. 1-3, a structure 10 is provided and may be configured
as a residence, an industrial building or a commercial building. For purposes of clarity and
brevity, however, the following description will relate to the case where the structure 10 is
configured as a single-family residence. The structure 10 thus includes a structural body 11
which defines an interior 12 and separates the interior 12 from an exterior 13. The interior 12
may be further divided into multiple rooms and areas for various purposes.

[0034] The structure 10 includes an HVAC system 20 disposed and configured to
control environmental conditions within the interior 12. The HVAC system 20 includes one
or more of an outdoor unit 21 and an indoor unit 22. The outdoor unit 21 is disposed at the
exterior 13 of the structural body 11 and the indoor unit 22 is disposed in the interior 12.

[0035] As shown in FIGS. 1 and 2, the outdoor unit 21 includes a condenser coil 210,
a compressor 211, a fan 212 and, in some cases, a first processing element 213 and a first
wireless transceiver 214. The first processing element 213 may include a first central
processing unit (CPU) 2130, a first memory 2131 and a first networking unit 2132 by which
the first CPU 2130 is communicative with the first wireless transceiver 214. The first
memory 2131 has executable instructions stored thereon for execution by the first CPU 2130
such that the first CPU 2130 performs the methods, algorithms and processes described
herein. The first wireless transceiver 214 may be provided within a housing of the outdoor
unit 21 such that the first wireless transceiver 214 is generally protected from environmental
conditions of the exterior 13 and may include at least an antenna which is capable of signal
reception and transmission through the housing.

[0036] As shown in FIGS. 1 and 3, the indoor unit 22 includes an indoor coil 220, a
furnace 221 and, in some cases, a second processing element 222 and a second wireless
transceiver 223. The second processing element 222 may include a second central processing
unit (CPU) 2220, a second memory 2221 and a second networking unit 2222 by which the
second CPU 2220 is communicative with the second wireless transceiver 223. The second
memory 2221 has executable instructions stored thereon for execution by the second CPU
2220 such that the second CPU 2220 performs the methods, algorithms and processes
described herein. The second wireless transceiver 223 may be provided within a housing of

the indoor unit 22 such that the second wireless transceiver 223 is generally protected from
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environmental conditions within the interior 12 and may include at least an antenna which is
capable of signal reception and transmission through the housing.

[0037] Refrigeration lines 23 are provided to connect the outdoor unit 21 with the
indoor unit 22 and ducts 24 are provided throughout the interior 12 such that heated or cool
air can be transported from the indoor unit 22 to the various areas in the interior 12.

[0038] In some cases, the components of the outdoor unit 21 and the indoor unit 22
may be included in a single unit that can be disposed at the exterior 13 of the structural body
11 or in the interior 12. For example, the components of the indoor unit 22 may be included
in the outdoor unit 21 and disposed at the exterior 13. Conversely, the components of the
outdoor unit 21 may be included in the indoor unit 22 and disposed in the interior 12. Still
other embodiments exist in which the components of the outdoor and indoor units 21 and 22
are included in a single device which is partially disposed at the exterior 13 and partially
disposed in the interior 12 (e.g., a window air-conditioning unit).

[0039] The HVAC system 20 may further include one or more sensors 25, such as
temperature sensors, that are distributed throughout the interior 12 and possibility at the
exterior 13 and a thermostat 26. The thermostat 26 is generally accessible to an individual
and is configured to control various operations of the outdoor and indoor units 21 and 22 to
maintain desired environmental conditions in the interior 12 in accordance with at least
readings of the one or more sensors 25 and with user inputted commands. The thermostat 26
is wirelessly communicative with an external entity 30 (see FIG. 4), such as a Cloud
computing element 31 or a portable computing device 32 (see FIG. 4), the one or more
sensors 25 and at least one of the outdoor and indoor units 21 and 22.

[0040] In accordance with further embodiments, the HVAC system 20 may also
include one or more network repeaters 27. Such network repeaters 27 may be distributed
throughout the interior 12 and possibly the exterior 13 so as to facilitate wireless
communications.

[0041] It is to be understood that the HVAC system 20 need not include the one or
more sensors 25 or the thermostat 26 in which case the at least one of the outdoor and indoor
units 21 and 22 may be directly wirelessly communicative with the external entity 30. The
following description will relate, however, to the cases in which the HVAC system 20
includes the one or more sensors 25, the thermostat 26 and the network repeaters 27. The
following description will also relate to the cases in which the thermostat is wirelessly

communicative with both the outdoor unit 21 and the indoor unit 22. This is being done for
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clarity and brevity and is not intended to otherwise limit the scope of the application as a
whole.

[0042] The thermostat 26 may have the capability to establish and maintain wireless
connectivity over various networks (e.g., Wi-Fi, BlueTooth ™, Z-Wave, Zigbee, etc.). The
thermostat 26 can therefore be connected to a homeowner’s Wi-Fi network and the Internet.
This allows the thermostat 26 to have additional features and capabilities including, but not
limited to, being remotely controllable by a user using the portable computing device 32 (see
FIG. 4) (e.g., amobile phone, a tablet, a laptop, etc.). The thermostat 26 may also have a
second private wireless communication link operative along any type of network with the
outdoor and indoor units 21 and 22 being communicative with the thermostat 26 on this or
any other link. In addition, the link between the outdoor and indoor units 21 and 22 and the
thermostat 26 could be developed to automatically pair and connect. In any case, the
thermostat 26 effectively acts as an Internet gateway for both reprogramming and accessing
diagnostics of each of the outdoor and indoor units 21 and 22.

[0043] Thus, with reference to FIG. 4, any type of wireless communications may be
established and maintained between the thermostat 26, the one or more sensors 25, the
outdoor unit 21, the indoor unit 22 and the external entity 30 (i.e., the Cloud computing
element 31 or the portable computing device 32) and/or between the portable computing
device 32 and the outdoor and indoor units 21 and 22.

[0044] In accordance with embodiments, the executable instructions of the first
memory 2131 may include control software by which the first CPU 2130 controls operations
of the equipment of the outdoor unit 21 as well as instructions for generating and storing
diagnostic information on storage units of the first memory 2131. This control software is
updateable via the wireless communications by automatic or manual command received from
the Cloud computing element 31 or the portable computing device 21 directly or through the
thermostat 26. In addition, the stored diagnostic information may be accessible via the
wireless communications to the Cloud computing element 31 or the portable computing
device 32 directly or through the thermostat 26.

[0045] In accordance with embodiments, the executable instructions of the second
memory 2221 may include control software by which the second CPU 2220 controls
operations of the equipment of the indoor unit 22 as well as instructions for generating and
storing diagnostic information on storage units of the second memory 2221. This control
software is updateable via the wireless communications by automatic or manual command

received from the Cloud computing element 31 or the portable computing device 21 directly
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or through the thermostat 26. In addition, the stored diagnostic information may be accessible
via the wireless communications to the Cloud computing element 31 or the portable
computing device 32 directly or through the thermostat 26.

[0046] With reference to FIG. 5, a method of operating an HVAC system is provided.
As shown in FIG. 5, the method includes establishing wireless communications with at least
one of outdoor and indoor units of the HVAC system (block 501) by, for example, providing
a thermostat of the HVAC system as a gateway between an external entity (e.g., a Cloud
computing element or a portable computing device) and the at least one of the outdoor and
indoor units (block 5010). The method further includes at least one of updating control
software of the at least one of the outdoor and indoor units via the wireless communications
(block 502) and accessing diagnostic information of the at least one of the outdoor and indoor
units via the wireless communications (block 503).

[0047] The features described herein allow for over-the-air updates of software in
outdoor and indoor HVAC units without the necessity of running additional wires from the
thermostat to the outdoor and indoor units. The features also overcome the issue of the
homeowner potentially not connecting a wireless enabled device to their home network.

[0048] While the disclosure is provided in detail in connection with only a limited
number of embodiments, it should be readily understood that the disclosure is not limited to
such disclosed embodiments. Rather, the disclosure can be modified to incorporate any
number of variations, alterations, substitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and scope of the disclosure.
Additionally, while various embodiments of the disclosure have been described, it is to be
understood that the exemplary embodiment(s) may include only some of the described
exemplary aspects. Accordingly, the disclosure is not to be seen as limited by the foregoing

description, but is only limited by the scope of the appended claims.
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What is claimed is:

1. A heating, ventilation and air-conditioning (HVAC) system for a structure,
comprising one or more of’

an outdoor unit disposed at an exterior of the structure; and

an indoor unit disposed at an interior of the structure,

wherein:

various operations of the one or more of the outdoor and indoor units are controllable
to maintain desired environmental conditions in the interior of the structure, and

at least one of the one or more of the outdoor and indoor units comprises a wireless
transceiver which is wirelessly communicative with an external entity.

2. The HVAC system according to claim 1, wherein the at least one of the one or
more of the outdoor and indoor units further comprises a processing element configured to
control equipment operations in accordance with control software and to generate and store
diagnostic information.

3. The HVAC system according to claim 2, wherein the control software is
updateable via wireless communications between the processing element and the external
entity.

4. The HVAC system according to claim 2, wherein the diagnostic information is
accessible via wireless communications between the processing element and the external
entity.

5. The HVAC system according to claim 1, wherein the external entity comprises
at least one of a Cloud computing element and a portable computing device.

6. The HVAC system according to claim 1, further comprising one or more
sensors distributed throughout the interior of the structure to sense environmental conditions
therein.

7. The HVAC system according to claim 1, further comprising network repeaters
distributed to facilitate wireless communications between the wireless transceiver and the
external entity.

8. A heating, ventilation and air-conditioning (HVAC) system for a structure,
comprising one or more of’

an outdoor unit disposed at an exterior of the structure;

an indoor unit disposed at an interior of the structure,
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the HVAC system further comprising a thermostat configured to control various
operations of the outdoor and indoor units to maintain desired environmental conditions in
the interior of the structure,

wherein:

at least one of the one or more of the outdoor and indoor units comprises a wireless
transceiver, and

the thermostat is wirelessly communicative with an external entity and the at least one
of the one or more of the outdoor and indoor units.

9. The HVAC system according to claim 8, further comprising one or more
sensors distributed throughout the interior of the structure to sense environmental conditions
therein.

10. The HVAC system according to claim 8, further comprising network repeaters
distributed to facilitate wireless communications between the thermostat, the external entity
and the at least one of the one or more of the outdoor and indoor units.

11 The HVAC system according to claim 8, wherein:

the at least one of the one or more of the outdoor and indoor units further comprises a
processing element configured to control equipment operations in accordance with control
software and to generate and store diagnostic information,

the control software is updateable and the diagnostic information is accessible via
wireless communications between the processing element, the thermostat and the external
entity.

12. The HVAC system according to claim 8, wherein the external entity comprises
at least one of a Cloud computing element and a portable computing device.

13. The HVAC system according to claim 8, further comprising both the outdoor
and indoor units, wherein each of the outdoor and indoor units comprises a wireless
transceiver.

14, The HVAC system according to claim 13, further comprising one or more
sensors distributed throughout the interior of the structure to sense environmental conditions
therein.

15. The HVAC system according to claim 13, further comprising network
repeaters distributed to facilitate wireless communications between the thermostat, the
external entity and the outdoor and indoor units.

16.  The HVAC system according to claim 13, wherein:

10
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the outdoor unit further comprises a first processing element configured to control
operations of equipment of the outdoor unit in accordance with first control software and to
generate and store first diagnostic information,

the indoor unit further comprises a second processing element configured to control
operations of equipment of the indoor unit in accordance with second control software and to
generate and store second diagnostic information,

the first and second control software is updateable and the first and second diagnostic
information is accessible via wireless communications between the first and second
processing elements, the thermostat and the external entity.

17.  The HVAC system according to claim 13, wherein the external entity
comprises at least one of a Cloud computing element and a portable computing device.

18. A method of operating a heating, ventilation and air-conditioning (HVAC)
system for a structure, the method comprising:

establishing wireless communications with at least one of a thermostat of the HVAC
system and an external entity and with at least one of an outdoor unit and an indoor unit of
the HVAC system; and

at least one of’

updating control software of the at least one of the outdoor and indoor units via the
wireless communications and accessing diagnostic information of the at least one of the
outdoor and indoor units via the wireless communications.

19.  The method according to claim 18, wherein the establishing of the wireless
communications comprises providing the thermostat of the HVAC system as a gateway
between the external entity and the at least one of the outdoor and indoor units.

20. The method according to claim 18, wherein the external entity comprises at

least one of a Cloud computing element and a portable computing device.

11
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