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played that can include an indication of HVAC activity on a timeline, the number of hours of HVAC activity, as well as one or more
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PROCESSING AND REPORTING USAGE INFORMATION
FOR AN HVAC SYSTEM CONTROLLED BY
A NETWORK-CONNECTED THERMOSTAT

CROSS-REFERENCE TO RELATED APPLICATIONS
This patent application claims the benefit of U.S. Ser. No. 13/434,560 filed March
29, 2012 (Ref. No. NES0212-US) .

FieLp
This patent spccification relates to systems, methods, and related computer
program products for the monitoring and control of energy-consuming systems or other
resource-consuming systems. More particularly, this patent specification relates to

systems and methods for updating climate control algorithms.

BACKGROUND

Substantial effort and attention continues toward the development of newer and
more sustainable energy supplies. The conservation of energy by increased energy
efficiency remains crucial to the world’s energy future. According to an October 2010
report from the U.S. Department of Energy, heating and cooling account for 56% of the
encrgy use in a typical U.S. home, making it the largest cnergy expensc for most homes.
Along with improvements in the physical plant associated with home heating and cooling
(e.g., improved insulation, higher efficiency furnaces), substantial increases in energy
efficiency can be achieved by better control and regulation of home heating and cooling
equipment. By activating heating, ventilation, and air conditioning (HVAC) equipment
for judiciously selected time intervals and carefully chosen operating levels, substantial
energy can be saved while at the same time keeping the living space suitably comfortable

for its occupants.
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To encourage users to adopt energy saving operating levels while still maintaining
comfort for the occupants, it would be useful to the user to have access to HVAC

performance information especially related to HV AC activity and encrgy consumption.

SUMMARY

Provided according to one or more embodiments is a method for method of
interactively and graphically displaying performance information to a user of an HVAC
system controlled by a thermostat is described. The method includes using the
thermostat to gather information relating to HVAC system usage; on a remote display
device, graphically displaying performance information based on the gathered
information, the displayed performance information including a graphical daily summary
for each of a plurality of days; and in response to a user selection of a day, graphically
displaying on the display device detailed performance information for the user selected
day.

According to some embodiments, the thermostat is self-programming network-
connected thermostat, and the display device is a touch sensitive display on mobile
computing device such as a smartphone or a tablet computer. According to some
embodiments, the detailed performance information includes a graphical indication of
HVAC activity on a timeline, and indicates the number of hours of HVAC activity.
According to some embodiments the detailed performance information also can include:
one or more symbols indicating setpoint changes, and a symbol indicating on a timeline
when a setpoint was changed due to non-occupancy.

According to some embodiments, the user can toggle the display between the
detailed performance information and the graphical summary. The graphical summary
for a day can include a symbol indicating energy saving performance was achieved
during the day, as well as a symbol indicating a primary causative agent which is
responsible for above or below HVAC energy performance.

According to some embodiments, a method is described of analyzing performance

information for an HVAC system controlled by a self-programming network-connected
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thermostat. The method includes: using the thermostat to gather information relating to
HVAC system usage; calculating one or more HVAC usage parameters for a time
interval as being above or below an average; cvaluating a plurality of potential causative
agents for potential causation for the calculated usage parameter being above or below
the average; and based on the evaluation, selecting a primary causative agent.

According to some embodiments, the plurality of potential causative agents can
include user changes to thermostat setpoints, weather, and/or an energy saving feature of
the thermostat such as automatic detection of non-occupancy. The usage parameters can
include a parameter relating to energy consumption, duration of HVAC system activity,
and/or an amount of time multiplied by a temperature differential. According to some
embodiments, a symbol indicating the selected primary causative agent is graphically
displayed to the user.

According to some embodiments a method is described of encouraging a user to
adopt energy saving thermostat temperature settings using an interactive display. The
method includes: receiving user input representing a change in a temperature setting,
such as a setpoint change; in response to received user input, displaying in real time a
graphical symbol 1n a first form indicating to the user that the change in the temperature
sctting would result in moderate energy savings; receiving further user input indicating a
further change in the temperature setting; and in response to the received further user
input, in real time altering the first form of the graphical symbol to a second form
indicating that the further change would result in even greater energy savings. According
to some embodiments the second form of the graphical symbol has a higher contrast
against a background and/or a more saturated color than the first form of the graphical
symbol. According to some embodiments, the graphical symbol is in a leaf shape.

A further embodiment describes a method for characterizing the operation of an
HVAC system controlled by an HVAC controller. First historical data are received,
which data are representative of actual HVAC usage by the HVAC system for cach of a
first historical time interval and a second historical time interval. The first historical data

are processed to determine an HVAC usage difference between the first historical time
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interval and the second historical time interval. Second historical data representative of
one or more parameters characterizing each of a preselected plurality of causative agents
over cach of the first and sccond historical time intervals, cach causative agent being
known to at lcast partially influcnce HVAC usage by said HVAC system. The first

and second historical data are processed to generate, for each causative agent, a model
that characterizes a relationship between said one or more causative agent parameters and
an associated HVAC usage estimate of said HVAC system. The second historical data is
also processed in conjunction with the causative agent models to compute a relative
contribution of each of the causative agents toward the HVAC usage difference between
the first and second historical time intervals. An energy usage report is generated that
includes at least (1) the HVAC usage difference between the first and second historical
time intervals, and (ii) an attribution of a primary causative agent from the plurality of
causative agents as a primary reason for the HVAC usage difference, wherein the primary
causative agent has the highest relative contribution from the causative agents toward the
HVAC usage difference; and

displaying said energy usage report on an electronic display.

It will be appreciated that these systems and methods are novel, as are
applications thereof and many of the components, systems, methods and algorithms
employed and included therein. It should be appreciated that embodiments of the
presently described inventive body of work can be implemented in numerous ways,
including as processes, apparata, systems, devices, methods, computer readable media,
computational algorithms, embedded or distributed software and/or as a combination

thereof. Several illustrative embodiments are described below.

BRIEF DESCRIPTION OF THE DRAWINGS

The inventive body of work will be readily understood by referring to the
following detailed description in conjunction with the accompanying drawings, in which:
Fig. 1 is a diagram of an enclosure in which environmental conditions are

controlled, according to some embodiments;
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Fig. 2 is a diagram of an HVAC system, according to some embodiments;

Figs. 3A-3B illustrate a thermostat having a user-friendly interface, according to
some cmbodiments;

Fig. 3C illustratcs a cross-scctional view of a shell portion of a frame of the
thermostat of Figs. 3A-3B;

Fig. 4 illustrates a thermostat having a head unit and a backplate (or wall dock)
for case of installation, configuration and upgrading, according to some embodiments;

Fig. 5 illustrates thermostats and computers on a private network connected to a
cloud-based thermostat management system designed in accordance with some
embodiments;

Fig. 6 illustrates one combination of thermostat management servers used to
implement a thermostat management system in accordance with some embodiments;

Figs. 7A-71 illustrate aspects of a graphical user interface on a smart phone for
performance and other information for an HVAC system controlled by a self-
programming network-connected thermostat, according to some embodiments;

Figs. 8A-8K illustrate aspects of a graphical user interface on a tablet computer
for performance and other information for an HVAC system controlled by a self-
programming nctwork-connected thermostat, according to some embodiments;

Figs. 9A-G illustrate aspects of a graphical user interface on a personal computer
for performance and other information for an HHVAC system controlled by a self-
programming network-connected thermostat, according to some embodiments;

Fig. 10 is a flowchart illustrating a method for determining primary responsibility
for above and below average energy usage, according to some embodiments;

Figs. 11A-B show an example of an email that is automatically generated and sent
to users to report energy performance-related information, according to some
embodiments;

Figs. 12-15 are flow charts showing steps in determining when a leaf will be

displayed, according to some embodiments;



Fig. 16 is a series of display screens on a thermostat in which a leaf icon is slowly
faded to on or off, according to some embodiments;

Figs. 17A-D illustrate temperature schedules and activation of the Auto-Away
state over a 24h period for illustration of the temperature schedule in conjunction with
Auto-Away;

Fig. 18 shows a flow chart for a method in accordance with an embodiment for
determining estimated HVAC system usage attributed to one or more contributors or
causative agents, and reporting the estimated HVAC usage for the causal agents along
with the actual HVAC system usage;

Figs. 19A-D illustrate characterizing an effort needed by the HVAC system to
maintain a setpoint temperature schedule when the schedule is changed either manually,
or by the system entering into an Away state;

Fig. 20 illustrates characterizing an effort needed by the HVAC system to
maintain the difference between two different schedules over a period of time;

Fig. 21 illustrates an embodiment for determining if weather is eligible for
causing HVAC usage or non-usage over a relevant time period;

Fig. 22 illustrates a exemplary process for determining the eligibility of the Away
state causal agents towards energy usage by the HVAC system over a period of time;

Fig. 23 illustrates an exemplary process for determining the eligibility of the
temperature schedule causal agent towards energy usage by the HVAC system over a
period of time;

Fig. 24 illustrates an exemplary process for determining the eligibility of the off-
mode causal agent towards energy usage by the HVAC system over a period of time;

Fig. 25 illustrates an exemplary process for determining the eligibility of the
calendar causal agent towards energy usage by the HVAC system over a period of time;

Fig. 26 illustrates an embodiment for determining if the time period is eligible for
causing usage or non-usage of the HVAC system for the second time period as compared

to the actual usage difference between the time periods;

Date regu/Date Received 2020-04-20



Figs. 27A-B illustrate the empirical process for determining the heat and cool
slopes;

Fig. 28 illustrates the empirical process for determining the heat and cool slopes;

Fig. 29 is a flow diagram for an exemplary process to determine the estimated

HVAC run time attributable to weather over a period of time;

6a
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Fig. 30 is an equation in accordance with an embodiment to quantify the
estimated HVAC run time attributable Auto-Away;

Fig. 31 is an cquation in accordance with an embodiment to quantify the
estimated HVAC run time attributable Manual-Away;

Fig. 32 is an equation in accordance with an embodiment to quantify the
estimated HVAC run time attributable to a change in temperature schedule;

Fig. 33 is an equation in accordance with an embodiment to quantify the
estimated HVAC run time attributable to a manual change in a temperature schedule;

Fig. 34 is an equation in accordance with an embodiment to quantify the
estimated HVAC run time attributable using the off-mode;

Fig. 35 is an equation in accordance with an embodiment to quantify the
estimated HVAC run time attributable a difference in the calendar days between months;

Fig. 36 is an exemplary process flow to scale estimated HVAC run time for causal
agents to have them make sense as compared to the actual HVAC run time;

Fig. 37 is an exemplary process flow to cap the estimated HVAC run time for the
calendar causal agent to have it make sense as compared to the actual HVAC run time;
and

Fig. 38 depicts an exemplary report providing ranked estimated HVAC run time

attributablc to three causal agents.

DETAILED DESCRIPTION

The subject matter of this patent specification also relates to the subject matter of
the following commonly assigned applications: U.S. Ser. No. 12/881,430 filed September
14,2010; U.S. Ser. No. 12/881,463 filed September 14, 2010; U.S. Prov. Ser. No.
61/415,771 filed November 19, 2010; U.S. Prov. Ser. No. 61/429,093 filed December 31,
2010; U.S. Ser. No. 12/984,602 filed January 4, 2011; U.S. Ser. No. 12/987,257 filed
January 10, 2011; U.S. Ser. No. 13/033,573 filed February 23, 2011; U.S. Ser. No.
29/386,021, filed February 23, 2011; U.S. Ser. No. 13/034,666 filed February 24, 2011;
U.S. Ser. No. 13/034,674 filed February 24, 2011; U.S. Ser. No. 13/034,678 filed
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February 24, 2011; U.S. Ser. No. 13/038,191 filed March 1, 2011; U.S. Ser. No.
13/038,206 filed March 1, 2011; U.S. Ser. No. 29/399,609 filed August 16, 2011; U.S.
Ser. No. 29/399,614 filed August 16, 2011; U.S. Ser. No. 29/399,617 filed August 16,
2011; U.S. Ser. No. 29/399,618 filed August 16, 2011; U.S. Ser. No. 29/399,621 filed
August 16,2011; U.S. Ser. No. 29/399,623 filed August 16, 2011; U.S. Ser. No.
29/399,625 filed August 16, 2011; U.S. Ser. No. 29/399,627 filed August 16, 2011; U.S.
Ser. No. 29/399,630 filed August 16, 2011; U.S. Ser. No. 29/399,632 filed August 16,
2011; U.S. Ser. No. 29/399,633 filed August 16, 2011; U.S. Ser. No. 29/399,636 filed
August 16, 2011; U.S. Ser. No. 29/399,637 filed August 16, 2011; U.S. Ser. No.
13/199,108, filed August 17, 2011; U.S. Ser. No. 13/267,871 filed October 6, 2011; U.S.
Ser. No. 13/267,877 filed October 6, 2011; U.S. Ser. No. 13/269,501, filed October 7,
2011; U.S. Ser. No. 29/404,096 filed October 14, 2011; U.S. Ser. No. 29/404,097 filed
October 14, 2011; U.S. Ser. No. 29/404,098 filed October 14, 2011; U.S. Ser. No.
29/404,099 filed October 14, 2011; U.S. Ser. No. 29/404,101 filed October 14, 2011;
U.S. Ser. No. 29/404,103 filed October 14, 2011; U.S. Ser. No. 29/404,104 filed October
14, 2011; U.S. Ser. No. 29/404,105 filed October 14, 2011; U.S. Ser. No. 13/275,307
filed October 17, 2011; U.S. Ser. No. 13/275,311 filed October 17, 2011; U.S. Ser. No.
13/317,423 filed October 17, 2011; U.S. Ser. No. 13/279,151 filed October 21, 2011;
U.S. Ser. No. 13/317,557 filed October 21, 2011; and U.S. Prov. Scr. No. 61/627,996
filed October 21, 2011. PCT/US11/61339 filed November 18, 2011; PCT/US11/61344
filed November 18, 2011; PCT/US11/61365 filed November 18, 2011; PCT/US11/61379
filed November 18, 2011; PCT/US11/61391 filed November 18, 2011; PCT/US11/61479
filed November 18, 2011; PCT/US11/61457 filed November 18, 2011; PCT/US11/61470
filed November 18, 2011; PCT/US11/61339 filed November 18, 2011; PCT/US11/61491
filed November 18, 2011; PCT/US11/61437 filed November 18, 2011; PCT/US11/61503
filed November 18, 2011; U.S. Ser. No. 13/342,156 filed January 2, 2012,
PCT/US12/00008 filed January 3 2012; PCT/US12/20088 filed January 3, 2012;
PCT/US12/20026 filed January 3, 2012; PCT/US12/00007 filed January 3, 2012; U.S.
Ser. No. 13/351,688 filed January 17, 2012; U.S. Ser. No. 13/356,762 filed January 24,
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2012; and PCT/US12/30084 filed March 22, 2012. The above-referenced patent
applications are collectively referenced hereinbelow as "the commonly assigned

applications."

A detailed description of the inventive body of work is provided below. While
several embodiments are described, it should be understood that the inventive body of
work is not limited to any one embodiment, but instead encompasses numerous
alternatives, modifications, and equivalents. In addition, while numerous specific details
are set forth in the following description in order to provide a thorough understanding of
the inventive body of work, some embodiments can be practiced without some or all of
these details. Moreover, for the purpose of clarity, certain technical material that is
known in the related art has not been described in detail in order to avoid unnecessarily
obscuring the inventive body of work.

As used herein the term “HVAC” includes systems providing both heating and
cooling, heating only, cooling only, as well as systems that provide other occupant
comfort and/or conditioning functionality such as humidification, dehumidification and
ventilation.

2% ae

As used herein the terms power “harvesting,” “sharing” and “stealing” when
referring to HVAC thermostats all refer to the thermostat are designed to derive power
from the power transformer through the equipment load without using a direct or
common wire source directly from the transformer.

As used herein the term “residential” when referring to an HVAC system means a
type of HVAC system that is suitable to heat, cool and/or otherwise condition the interior
of a building that is primarily used as a single family dwelling. An example of a cooling
system that would be considered residential would have a cooling capacity of less than
about 5 tons of refrigeration (1 ton of refrigeration = 12,000 Btuwh).

As used herein the term “light commercial” when referring to an HVAC system

means a typc of HVAC system that is suitable to heat, cool and/or otherwise condition

the interior of a building that is primarily used for commercial purposes, but is of a size

CA 2868844 2018-07-26
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and construction that a residential HVAC system is considered suitable. An example of a
cooling system that would be considered residential would have a cooling capacity of less
than about 5 tons of refrigeration.

As used herein the term “thermostat” means a device or system for regulating
parameters such as temperature and/or humidity within at least a part of an enclosure.
The term “thermostat” may include a control unit for a heating and/or cooling system or a
component part of a heater or air conditioner. As used herein the term “thermostat” can
also refer generally to a versatile sensing and control unit (VSCU unit) that is configured
and adapted to provide sophisticated, customized, energy-saving HVAC control
functionality while at the same time being visually appealing, non-intimidating, elegant
to behold, and delightfully easy to use.

Fig. 1 is a diagram of an enclosure in which environmental conditions are
controlled, according to some embodiments. Enclosure 100 is, in this example, a single-
family dwelling. According to other embodiments, the enclosure can be, for example, a
duplex, an apartment within an apartment building, a light commercial structure such as
an office or retail store, or a structure or enclosure that is a combination of the above.
Thermostat 110 controls HVAC system 120 as will be described in further detail below.
According to somec embodiments, the HVAC system 120 is has a cooling capacity less
than about 5 tons. According to some embodiments, a remote device 112 wirclessly
communicates with the thermostat 110 and can be used to display information to a user
and to receive user input from the remote location of the device 112. Although many of
the embodiments are described herein as being carried out by a thermostat such as
thermostat 110, according to some embodiments, the same or similar techniques are
employed using a remote device such as device 112.

Some embodiments of thermostat 110 in Fig. 1 incorporate one or more sensors to
gather data from the environment associated with enclosure 100. Sensors incorporated in
thermostat 110 may detect occupancy, temperature, light and other environmental
conditions and influence the control and operation of HVAC system 120. Sensors

incorporated within thermostat 110 do not protrude from the surface of the thermostat

10
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110 thereby providing a sleck and eclegant design that does not draw attention from the
occupants in a house or other enclosure. As a result, thermostat 110 readily fits with
almost any décor while adding to the overall appeal of the interior design.

As used herein, a “lcarning” thermostat refers to a thermostat, or once of plural
communicating thermostats in a multi-thermostat network, having an ability to
automatically establish and/or modify at least one future setpoint in a heating and/or
cooling schedule based on at least one automatically sensed event and/or at least one past
or current user input. As used herein, a “primary” thermostat refers to a thermostat that is
electrically connected to actuate all or part of an HVAC system, such as by virtue of
electrical connection to HVAC control wires (e.g. W, G, Y, etc.) leading to the HVAC
system. As used herein, an “auxiliary” thermostat refers to a thermostat that is not
electrically connected to actuate an HVAC system, but that otherwise contains at least
one sensor and influences or facilitates primary thermostat control of an HVAC system
by virtue of data communications with the primary thermostat. In one particularly useful
scenario, the thermostat 110 is a primary learning thermostat and is wall-mounted and
connected to all of the HVAC control wires, while the remote thermostat 112 is an
auxiliary learning thermostat positioned on a nightstand or dresser, the auxiliary learning
thermostat being similar in appearance and user-interface features as the primary learning
thermostat, the auxiliary learning thermostat further having similar sensing capabilitics
(e.g., temperature, humidity, motion, ambient light, proximity) as the primary learning
thermostat, but the auxiliary learning thermostat not being connected to any of the HVAC
wires. Although it is not connected to any HVAC wires, the auxiliary learning thermostat
wirelessly communicates with and cooperates with the primary learning thermostat for
improved control of the HVAC system, such as by providing additional temperature data
at its respective location in the enclosure, providing additional occupancy information,
providing an additional user interface for the user, and so forth.

It is to be appreciated that while certain embodiments are particularly
advantageous where the thermostat 110 is a primary learning thermostat and the remote

thermostat 112 is an auxiliary learning thermostat, the scope of the present teachings is
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not so limited. Thus, for example, while certain initial provisioning methods that
automatically pair associate a network-connected thermostat with an online user account
arc particularly advantagecous where the thermostat is a primary learning thermostat, the
mecthods arc more generally applicable to scenarios involving primary non-Icarning
thermostats, auxiliary learning thermostats, auxiliary non-learning thermostats, or other
types of network-connected thermostats and/or network-connected sensors. By way of
further example, while certain graphical user interfaces for remote control of a thermostat
may be particularly advantageous where the thermostat is a primary learning thermostat,
the methods are more generally applicable to scenarios involving primary non-learning
thermostats, auxiliary learning thermostats, auxiliary non-learning thermostats, or other
types of network-connected thermostats and/or network-connected sensors. By way of
even further example, while certain methods for cooperative, battery-conserving
information polling of a thermostat by a remote cloud-based management server may be
particularly advantageous where the thermostat is a primary learning thermostat, the
methods are more generally applicable to scenarios involving primary non-learning
thermostats, auxiliary learning thermostats, auxiliary non-learning thermostats, or other
types of network-connected thermostats and/or network-connected sensors.

Enclosure 100 further includes a private network accessible both wirelessly and
through wired connections and may also be referred to as a Local Arca Network or LAN.
Network devices on the private network include a computer 124, thermostat 110 and
remote thermostat 112 in accordance with some embodiments of the present invention. In
one embodiment, the private network is implemented using an integrated router 122 that
provides routing, wireless access point functionality, firewall and multiple wired
connection ports for connecting to various wired network devices, such as computer 124.
Other embodiments may instead use multiple discrete switches, routers and other devices
(not shown) to perform networking functions equivalent to or in addition to those
provided by integrated router 122,

Integrated router 122 further provides network devices access to a public network,

such as the Internet, provided enclosure 100 has a connection to the public network

12



10

15

20

25

CA 02868844 2014-09-26

WO 2013/149210 PCT/US2013/034718

generally through a cable-modem, DSL modem and a service provider of the Internet or
other public network. The Internet and other public networks are sometimes referred to as
a Wide-Arca Network or WAN. In one embodiment, integrated router 122 may direct
communications to other devices on these networks using a network protocol such as
TCP/IP. If the communications are directed to a device or service outside the private
network, integrated router 122 may route the communications outside the private network
to the public network such as the Internet.

In some embodiments, thermostat 110 may wirelessly communicate with remote
thermostat 112 over the private network or through an ad hoc network formed directly
with remote thermostat 112. During communication with remote thermostat 112,
thermostat 110 may gather information remotely from the user and from the environment
detectable by the remote thermostat 112. For example, remote thermostat 112 may
wirelessly communicate with the thermostat 110 providing user input from the remote
location of remote thermostat 112 or may be used to display information to a user, or
both. Like thermostat 110, embodiments of remote thermostat 112 may also include
sensors to gather data related to occupancy, temperature, light and other environmental
conditions. In an alternate embodiment, remote thermostat 112 may also be located
outside of the enclosure 100.

In accordance with some embodiments, a computer device 124 in enclosure 100
may remotely control thermostat 110 by accessing a thermostat management account
through a thermostat management system (not shown in Fig. 1) located on a public
network such as the Internet. The thermostat management system passes control
information over the network back to thermostat 110 provided the thermostat 110 is also
associated or paired to the thermostat management account on the thermostat
management system. Data collected by thermostat 110 also passes from the private
network associated with enclosure 100 through integrated router 122 and to the
thermostat management system over the public network. Other computer devices not in
enclosure 100 such as Smartphones, laptops and tablet computers (not shown in Fig. 1)

may also control thermostat 110 provided they have access to the public network and
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both the thermostat management system and thermostat management account. Further
details on accessing the public network, such as the Internet, and a thermostat like
thermostat 110 in accordance with embodiments of the present invention is described in
further detail later herein.

Fig. 2 is a schematic diagram of an HVAC system, according to some
embodiments. HVAC system 120 provides heating, cooling, ventilation, and/or air
handling for the enclosure 100, such as a single-family home depicted in Fig. 1. System
120 depicts a forced air type heating and cooling system, although according to other
embodiments, other types of HVAC systems could be used such as radiant heat based
systems, heat-pump based systems, and others.

In heating, heating coils or elements 242 within air handler 240 provide a source
of heat using electricity or gas via line 236. Cool air is drawn from the enclosure via
return air duct 246 through filter 270, using fan 238 and is heated through heating coils or
elements 242. The heated air flows back into the enclosure at one or more locations via
supply air duct system 252 and supply air registers such as register 250. In cooling, an
outside compressor 230 passes a gas such as Freon through a set of heat exchanger coils
and then through an expansion valve. The gas then goes through line 232 to the cooling
coils or cvaporator coils 234 in the air handler 240 where it expands, cools and cools the
air being circulated via fan 238. A humidifier 254 may optionally be included in various
embodiments that returns moisture to the air before it passes through duct system 252,
Although not shown in Fig. 2, alternate embodiments of HVAC system 120 may have
other functionality such as venting air to and from the outside, one or more dampers to
control airflow within the duct system 252 and an emergency heating unit. Overall
operation of HVAC system 120 is selectively actuated by control electronics 212
communicating with thermostat 110 over control wires 248.

Figs. 3A-3B illustrate a thermostat having a user-friendly interface, according to
some embodiments. Unlike many prior art thermostats, thermostat 110 preferably has a
sleek, simple, uncluttered and elegant design that does not detract from home decoration,

and indeed can serve as a visually pleasing centerpiece for the immediate location in
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which it is installed. Moreover, user interaction with thermostat 110 is facilitated and
greatly enhanced over known conventional thermostats by the design of thermostat 110.
The thermostat 110 includes control circuitry and is ¢lectrically connected to an HVAC
system, such as is shown in Figs. 1 and 2. Thermostat 110 is wall mounted, is circular in
shape, and has an outer rotatable ring 312 for receiving user input. Thermostat 110 is
circular in shape in that it appears as a generally disk-like circular object when mounted
on the wall. Thermostat 110 has a large front face lying inside the outer ring 312.
According to some embodiments, thermostat 110 is approximately 80 mm in diameter.
The outer rotatable ring 312 allows the user to make adjustments, such as selecting a new
target temperature. For example, by rotating the outer ring 312 clockwise, the target
temperature can be increased, and by rotating the outer ring 312 counter-clockwise, the
target temperature can be decreased. The front face of the thermostat 110 comprises a
clear cover 314 that according to some embodiments is polycarbonate, and a metallic
portion 324 preferably having a number of slots formed therein as shown. According to
some embodiments, the surface of cover 314 and metallic portion 324 form a common
outward arc or spherical shape gently arcing outward, and this gentle arcing shape is
continued by the outer ring 312.

Although being formed from a single lens-like picce of material such as
polycarbonate, the cover 314 has two different regions or portions including an outer
portion 3140 and a central portion 314i. According to some embodiments, the cover 314
is painted or smoked around the outer portion 3140, but leaves the central portion 3141
visibly clear so as to facilitate viewing of an electronic display 316 disposed
thereunderneath. According to some embodiments, the curved cover 314 acts as a lens
that tends to magnify the information being displayed in electronic display 316 to users.
According to some embodiments the central electronic display 316 is a dot-matrix layout
(individually addressable) such that arbitrary shapes can be generated, rather than being a
segmented layout. According to some embodiments, a combination of dot-matrix layout
and segmented layout is employed. According to some embodiments, central display 316

is a backlit color liquid crystal display (LCD). An example of information displayed on
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the electronic display 316 is illustrated in Fig. 3A, and includes central numerals 320 that
are representative of a current setpoint temperature. According to some embodiments,
metallic portion 324 has a number of slot-like openings so as to facilitate the usc of a
passive infrared motion sensor 330 mounted therebencath. The metallic portion 324 can
alternatively be termed a metallic front grille portion. Further description of the metallic
portion/front grille portion is provided in the commonly assigned U.S. No. 13/199,108,
supra. The thermostat 110 is preferably constructed such that the electronic display 316
is at a fixed orientation and does not rotate with the outer ring 312, so that the electronic
display 316 remains easily read by the user. For some embodiments, the cover 314 and
metallic portion 324 also remain at a fixed orientation and do not rotate with the outer
ring 312. According to one embodiment in which the diameter of the thermostat 110 is
about 80 mm, the diameter of the electronic display 316 is about 45 mm. According to
some embodiments an LED indicator 380 is positioned beneath portion 324 to act as a
low-power-consuming indicator of certain status conditions. For example, the LED
indicator 380 can be used to display blinking red when a rechargeable battery of the
thermostat (see Fig. 4A, infra) is very low and is being recharged. More generally, the
LED indicator 380 can be used for communicating one or more status codes or error
codes by virtue of red color, green color, various combinations of red and green, various
different blinking rates, and so forth, which can be uscful for troublcshooting purposcs.
Motion sensing as well as other techniques can be use used in the detection and/or
predict of accupancy, as is described further in the commonly assigned U.S. Ser. No.
12/881,430, supra. According to some embodiments, occupancy information is used in
generating an effective and efficient scheduled program. Preferably, an active proximity
sensor 370A is provided to detect an approaching user by infrared light reflection, and an
ambient light sensor 370B is provided to sense visible light. The proximity sensor 370A
can be used to detect proximity in the range of about one meter so that the thermostat 110
can initiate “waking up” when the user is approaching the thermostat and prior to the user
touching the thermostat. Such use of proximity sensing is useful for enhancing the user

experience by being “ready’ for interaction as soon as, or very soon after the user is
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ready to interact with the thermostat. Further, the wake-up-on-proximity functionality
also allows for energy savings within the thermostat by “sleeping” when no user
interaction is taking place or about to take place. The ambient light sensor 370B can be
used for a varicty of intelligencc-gathering purposcs, such as for facilitating confirmation
of occupancy when sharp rising or falling edges are detected (because it is likely that
there are occupants who are turning the lights on and off), and such as for detecting long
term (e.g., 24-hour) patterns of ambient light intensity for confirming and/or
automatically establishing the time of day.

According to some embodiments, for the combined purposes of inspiring user
confidence and further promoting visual and functional elegance, the thermostat 110 is
controlled by only two types of user input, the first being a rotation of the outer ring 312
as shown in Fig. 3A (referenced hereafter as a “rotate ring” or “ring rotation” input), and
the second being an inward push on an outer cap 308 (see Fig. 3B) until an audible and/or
tactile “click” occurs (referenced hereafter as an “inward click” or simply “click” input).
For the embodiment of Figs. 3A-3B, the outer cap 308 is an assembly that includes all of
the outer ring 312, cover 314, electronic display 316, and metallic portion 324. When
pressed inwardly by the user, the outer cap 308 travels inwardly by a small amount, such
as 0.5 mm, against an intcrior metallic dome switch (not shown), and then springably
travels back outwardly by that same amount when the inward pressure is released,
providing a satisfying tactile “click” sensation to the user’s hand, along with a
corresponding gentle audible clicking sound. Thus, for the embodiment of Figs. 3A-3B,
an inward click can be achieved by direct pressing on the outer ring 312 itself, or by
indirect pressing of the outer ring by virtue of providing inward pressure on the cover
314, metallic portion 314, or by various combinations thereof. For other embodiments,
the thermostat 110 can be mechanically configured such that only the outer ring 312
travels inwardly for the inward click input, while the cover 314 and metallic portion 324
remain motionless. It is to be appreciated that a variety of different selections and
combinations of the particular mechanical elements that will travel inwardly to achieve

the “inward click” input are within the scope of the present teachings, whether it be the
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outer ring 312 itself, some part of the cover 314, or some combination thereof. However,
it has been found particularly advantageous to provide the user with an ability to quickly
go back and forth between registering “ring rotations” and “inward clicks” with a single
hand and with minimal amount of time and effort involved, and so the ability to provide
an inward click directly by pressing the outer ring 312 has been found particularly
advantageous, since the user’s fingers do not need to be lifted out of contact with the
device, or slid along its surface, in order to go between ring rotations and inward clicks.
Moreover, by virtue of the strategic placement of the electronic display 316 centrally
inside the rotatable ring 312, a further advantage is provided in that the user can naturally
focus their attention on the electronic display throughout the input process, right in the
middle of where their hand is performing its functions. The combination of intuitive
outer ring rotation, especially as applied to (but not limited to) the changing of a
thermostat’s setpoint temperature, conveniently folded together with the satisfying
physical sensation of inward clicking, together with accommodating natural focus on the
electronic display in the central midst of their fingers’ activity, adds significantly to an
intuitive, seamless, and downright fun user experience. Further descriptions of
advantagecous mechanical uscr-interfaces and related designs, which arc cmployed
according to some embodiments, can be found in U.S. Ser. No. 13/033,573, supra, U.S.
Ser. No. 29/386,021, supra, and U.S. Ser. No. 13/199,108, supra.

Fig. 3C illustrates a cross-sectional view of a shell portion 309 of a frame of the
thermostat of Figs. 3A-B, which has been found to provide a particularly pleasing and
adaptable visual appearance of the overall thermostat 110 when viewed against a variety
of different wall colors and wall textures in a variety of different home environments and
home settings. While the thermostat itself will functionally adapt to the user’s schedule
as described herein and in one or more of the commonly assigned
applications, supra, the outer shell portion 309 is specially configured to convey a
“chameleon” quality or characteristic such that the overall device appears to naturally
blend in, in a visual and dccorative sense, with many of thec most common wall colors and

wall textures found in home and business environments, at least in part becausc it will
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appear to assume the surrounding colors and even textures when viewed from many
different angles. The shell portion 309 has the shape of a frustum that is gently curved
when viewed in cross-section, and comprises a sidewall 376 that is made of a clear solid
material, such as polycarbonate plastic. The sidewall 376 is backpainted with a
substantially flat silver- or nickel- colored paint, the paint being applied to an inside
surface 378 of the sidewall 376 but not to an outside surface 377 thereof. The outside
surface 377 is smooth and glossy but is not painted. The sidewall 376 can have a
thickness T of about 1.5 mm, a diameter d1 of about 78.8 mm at a first end that is nearer
to the wall when mounted, and a diameter d2 of about 81.2 mm at a second end that is
farther from the wall when mounted, the diameter change taking place across an outward
width dimension “h” of about 22.5 mm, the diameter change taking place in cither a
linear fashion or, more preferably, a slightly nonlinear fashion with increasing outward
distance to form a slightly curved shape when viewed in profile, as shown in Fig. 3C.
The outer ring 312 of outer cap 308 is preferably constructed to match the diameter d2
where disposed near the second end of the shell portion 309 across a modestly sized gap
g1 therefrom, and then to gently arc back inwardly to meet the cover 314 across a small
gap g2. It is to be appreciated, of course, that Fig. 3C only illustrates the outer shell
portion 309 of the thermostat 110, and that there are many electronic components internal
thereto that are omitted from Fig. 3C for clarity of presentation, such electronic
components being described further hereinbelow and/or in other ones of the commonly
assigned applications, such as U.S. Ser. No. 13/199,108, supra.

According to some embodiments, the thermostat 110 includes a processing
system 360, display driver 364 and a wireless communications system 366. The
processing system 360 is adapted to cause the display driver 364 and display area 316 to
display information to the user, and to receiver user input via the rotatable ring 312. The
processing system 360, according to some embodiments, is capable of carrying out the
governance of the operation of thermostat 110 including the user interface features
described herein. The processing system 360 is further programmed and configured to

carry out other operations as described further hereinbelow and/or in other ones of the
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commonly assigned applications. For example, processing system 360 is

further programmed and configured to maintain and update a thermodynamic model for
the enclosure in which the HVAC system is installed, such as described in U.S. Ser. No.
12/881,463, supra, and in International Patent App. No. PCT/US11/51579,

According to some embodiments, the wireless communications
system 366 is used to communicate with devices such as personal computers and/or other
thermostats or HVAC system components, which can be peer-to-peer communications,
communications through one or more servers located on a private network, and/or
communications through a cloud-based service.

Fig. 4 illustrates a side view of the thermostat 110 including a head unit 410 and a
backplate (or wall dock) 440 thereof for ease of installation, configuration and upgrading,
according to some embodiments. As is described hereinabove, thermostat 110 is wall
mounted is circular in shape, and has an outer rotatable ring 312 for receiving user input.
Head unit 410 includes the outer cap 308 that includes the cover 314 and electronic
display 316. Head unit 410 of round thermostat 110 is slidably mountable onto back plate
440 and slidably detachable therefrom. According to some embodiments the connection
of the head unit 410 to backplate 440 can be accomplished using magnets, bayonet,
latches and catches, tabs or ribs with matching indentations, or simply friction on mating
portions of the head unit 410 and backplate 440, According to some embodiments, the
head unit 410 includes a processing system 360, display driver 364 and a wireless
communications system 366. Also shown is a rechargeable battery 420 that is recharged
using recharging circuitry 422 that uses power from backplate that is either obtained via
power harvesting (also referred to as power stealing and/or power sharing) from the
HVAC system control circuit(s) or from a common wire, if available, as described in
further detail in co-pending patent application U.S. Serial Nos. 13/034,674, and
13/034,678 . According to some embodiments, rechargeable battery 420 is a single cell

lithium-ion or a lithium-polymer battery.

20

CA 2868844 2018-07-26




10

15

20

25

CA 02868844 2014-09-26

WO 2013/149210 PCT/US2013/034718

Backplate 440 includes electronics 482 and a temperature/humidity sensor 484 in
housing 460, which are ventilated via vents 442. Two or more temperature sensors (not
shown) arc also located in the head unit 410 and cooperate to acquire reliable and
accuratc room temperaturc data. Wire conncctors 470 arc provided to allow for
connection to HVAC system wires. Connection terminal 480 provides electrical
connections between the head unit 410 and backplate 440. Backplate electronics 482 also
includes power sharing circuitry for sensing and harvesting power available power from
the HVAC system circuitry.

Fig. 5 illustrates thermostats and computers on a private network 502 connected
to a cloud-based thermostat management system 506 designed in accordance with some
embodiments. In one embodiment, private network 502 is designed to provide network
connectivity primarily within and near an enclosure, such as enclosure 100 in Fig. 1.
Private network 502 additionally provides network connectivity for various devices such
a smartphone 508, tablet 510, computer 512, and laptop 514, as well as the thermostat
110 and remote thermostat 112. A router (not shown) in private network 502, such as
integrated router 122 in Fig.1, may provide wired and wireless connectivity for these
devices using a network protocol such as TCP/IP. Preferably, thermostat 110 and remote
thermostat 112 arc connected wirclessly to private network 502, for at least the reason
that wircd conncctions to the locations of the thermostats may not available, or it may be
undesirable to incorporate such physical connections in cither thermostat 110 or remote
thermostat 112. For some embodiments, it is also possible for thermostat 110 and remote
thermostat 112 to communicate directly with each other and other devices wireless using
an ad hoc network 517 preferably setup directly between the devices and bypassing
private network 502.

The embodiments described herein are advantageously configured to be
compatible with a large variety of conventional integrated routers that service a large
population of homes and businesses. Thus, by way of example only and not by way of
limitation, the router (not shown) that services the private network 502 of Fig. 5 can be,

for example, a D-Link DIR-655 Extreme N Wireless Router, a Netgear WNDR3700
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RangeMax Dual Band Wireless USB Gigabit Router, a Buffalo Technology Nfiniti
WZR-HP-G300NH Wireless-N Router, an Asus RT-N16 Wireless Router, Cisco Linksys
E4200 Dual Band Wireless Router, or a Cisco Linksys E4200 Dual Band Wircless
Router. Without loss of gencrality, some descriptions further hercinbelow will refer to an
exemplary scenario in which the thermostats 110/112 are used in a home environment.
However, it is to be appreciated that the described embodiments are not so limited, and
are applicable to use of such thermostat(s) in any of a variety of enclosures including
residential homes, business, vacation homes, hotels, hotel rooms, industrial facilities, and
generally anywhere there is an HVAC system to be controlled.

Thermostat access client 516 is a client application designed in accordance with
aspects of the present invention to access the thermostat management system 506 over
public network 504. The term “‘thermostat management system” can be interchangeably
referenced as a “cloud-based management server” for the thermostats, or more simply
“cloud server”, in various descriptions hereinabove and hereinbelow. Because thermostat
access client 516 is designed to execute on different devices, multiple client applications
may be developed using different technologies based on the requirements of the
underlying device platform or operating system. For some embodiments, thermostat
access client 516 is implemented such that end users operate their Internet-accessible
devices (c.g., desktop computers, notcbook computers, Internet-cnabled mobile deviecs,
cellphones having rendering engines, or the like) that are capable of accessing and
interacting with the thermostat management system 506. The end user machine or device
has a web browser (e.g., Internet Explorer, Firefox, Chrome, Safari) or other rendering
engine that, typically, is compatible with AJAX technologies (e.g., XHTML, XML, CSS,
DOM, JSON, and the like). AJAX technologies include XHTML (Extensible HTML) and
CSS (Cascading Style Sheets) for marking up and styling information, the use of DOM
(Document Object Model) accessed with client-side scripting languages, the use of an
XMLHttpRequest object (an API used by a scripting language) to transfer XML and
other text data asynchronously to and from a server using HTTP), and use of XML or

JSON (Javascript Object Notation, a lightweight data interchange format) as a format to
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transfer data between the server and the client. In a web environment, an end user
accesses the site in the usual manner, i.e., by opening the browser to a URL associated
with a service provider domain. The user may authenticate to the site (or some portion
thercof) by entry of a uscrname and password. The connection between the end user
entity machine and the system may be private (e.g., via SSL). The server side of the
system may comprise conventional hosting components, such as IP switches, web
servers, application servers, administration servers, databases, and the like. Where AJAX
is used on the client side, client side code (an AJAX shim) executes natively in the end
user's web browser or other rendering engine. Typically, this code is served to the client
machine when the end user accesses the site, although in the alternative it may be resident
on the client machine persistently. Finally, while a web-based application over Internet
Protocol (IP) is described, this is not a limitation, as the techniques and exposed user
interface technologies may be provided by a standalone application in any runtime
application, whether fixed line or mobile. It is to be appreciated that although the TCP/IP
protocol is set forth as the network protocol used for communications among the
thermostat management system 506, the thermostat access client 514, and other devices
for some embodiments, it 15 set forth by way of example and not by way of limitation,
that any other suitable protocol, such as UDP over IP in particular, may be used without
departing from the scope of the present teachings.

In yet another embodiment, thermostat access client 516 may be a stand-alone
application or “app” designed to be downloaded and run on a specific device such as
smartphone 508 or a tablet 510 device running the Apple iOS operating system, Android
operating system, or others. Developers create these stand-alone applications using a set
of application programming interfaces (APIs) and libraries provided by the device
manufacturer packaged in software development toolkit or SDK. Once completed, the
“app” is made available for download to the respective device through an application
store or “app” store curated by the app store owners to promote quality, usability and

customer satisfaction.
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In one embodiment, thermostat management system 506 illustrated in Fig. 5 may
be accessed over public network 504 by computer devices on private network 502
running thermostat access client 516. Thermostat access client 516 accesses a thermostat
management account (not illustrated) provisioned by thermostat management system 506,
on behalf of the computer devices, in order to access or control thermostat 110 or remote
thermostat 112. In addition, a computer device on private network 502 such as computer
512 may use the thermostat access client 516 and thermostat management account to
gather data from thermostat 110 and remote thermostat 112.

Thermostat 110 and remote thermostat 112 may be accessed remotely from
numerous different locations on the private network 502 or public network 504. As will
be described in further detail hereinbelow, upon installation a thermostat such as
thermostat 110 first registers with the thermostat management system 506 and then
requests the thermostat management system create a pairing between the thermostat and a
corresponding thermostat management account. Thereafter, a device such as a tablet 518
may be connected to public network 504 directly or through a series of other private
networks (not shown) yet still access these thermostats, while outside the private network
where they are located, by way of thermostat management system 506. In one
embodiment, a tablet 518 running the Apple 10S operating system may remotely access
to these thermostats through the thermostat management system 506 and thermostat
management account using an i0S “app” version of thermostat access client 516. Pairing
thermostats with the thermostat management account allows tablet 518 and other
computer devices to remotely control, gather data, and generally interact with thermostats
such as thermostat 110 and remote thermostat 112.

In one embodiment, thermostat management system 506 distributes the task of
communication and control with the thermostats to one or more thermostat management
servers 520. These thermostat management servers 520 may coordinate communication,
manage access, process data and analyze results using data produced by thermostats such
as thermostat 110 and remote thermostat 112. Intermediate and final results from

computations on these servers 520, as well as raw data, may be stored temporarily or
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archived on thermostat databases 522 for future reference and use. Thermostat
management servers 520 may also send a portion of the data along with control
information, and more generally any of a variety of different kinds of information, back
to thermostat 110 and remotce thermostat 112. Results from the thermostat management
servers 520 may also be stored in one or more thermostat databases 522 for subsequent
access by a device such as tablet 518 running thermostat access client 516.

These thermostat management servers 520 ecach may perform one or several
discrete functions, may serve as redundant fail-over servers for these different discrete
functions or may share performance of certain discrete functions in tandem or in a cluster
as well as other combinations performing more complex operations in parallel or
distributed over one or more clusters of computers. In some embodiments, one of the
thermostat management servers 520 may correspond directly to a physical computer or
computing device while in other embodiments, the thermostat management servers 520
may be virtualized servers running on one or more physical computers under the control
of a virtual machine computing environment such as provided by VMW ARE of Palo
Alto, CA. or any other virtual machine provider. In yet another embodiment, the
thermostat management servers 520 and thermostat databases 522 are provisioned from a
“cloud” computing and storage environment such as the Elastic Compute Cloud or EC2
offering from Amazon.com of Scattlc, Washington. In an EC2 solution, for cxample, the
thermostat management servers 520 may be allocated according to processor cycles and
storage requirements rather than according to a number of computers, either real or
virtual, thought to be required for the task at hand.

Fig. 6 illustrates one combination of thermostat management servers 520 used to
implement a thermostat management system 506 in accordance with some embodiments.
In one embodiment, the thermostat management system 506 includes a registration server
602, an update server 604, a pairing server 606, a thermostat frontend user interface (UI)
server 608, a thermostat backend server 610, and a thermostat management account
server 612, Interconnect 614 may connect servers using one or more high-speed network

connections, a shared back plane, a combination of local and remote high-speed
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connections as well as one or more virtualized connections. While the configuration of
thermostat management servers 520 is exemplary, it is should not be considered limiting
in any way and it is contemplated that the distribution of functions may be handled
through a diffcrent combination of servers and distribution of function over those scrvers.

In some embodiments, the thermostat management servers 520 making up this
thermostat management system 506 may manage thermostats located in multiple
enclosures across various geographic locations and time zones. Each enclosure may use
one or several thermostats in accordance with embodiments of the present invention to
control one or several HVAC systems, such as HVAC system 120 in Fig. 1. In some
cases, there may be an increased need from the thermostat management system 506 for
certain functions and therefore more servers to deliver these functional capabilities. It
may be appreciated that the design of thermostat management system 506 and use of the
thermostat management servers 520 may be scaled to meet these demands on the system
and efficiently track and organize the data from these multiple enclosures and thermostats
for processing, analysis, control and machine-learning purposes.

One embodiment of registration server 602 provides a number of services related
to registering a thermostat on the thermostat management system 506 and preparing it for
pairing with a thermostat management account. In operation, the registration server 602
may be first accessed by a thermostat when the thermostat is wired to the HVAC of an
enclosure and then connected to the Internet through a private network. To make the
thermostat known on system 520, the thermostat sends thermostat metadata from the
private network to the public network, such as the Internet, and then onto processing by
registration server 602. Preferably, the thermostat metadata includes a unique thermostat
identifier, such as one that is assigned at the time of manufacturing. As the
communication that sends the thermostat metadata passes through the network address
translator (NAT) of the router (not shown) that serves private network 502, it is appended
with the public network address of that router, which is thus the public address that is
“used” by the thermostat to communicate over the public network. The thermostat

identifier is used to identify the thermostat from other thermostats being registered by
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registration server 602 and may be based, in part or in whole, on a media access control
(MAC) address assigned to the NIC of the thermostat. As one security measure against
registering unauthorized devices, registration server 602 may compare the MAC address
in the thermostat metadata against a list of valid MAC addresses provided by the
manufacturer of the thermostat or NIC component. In accordance with one embodiment,
the thermostat registration is complete when the registration server 602 provisions an
entry in a thermostat registration pool and marks the thermostat entry ready to be paired
with a thermostat management account. Entries in the thermostat registration pool may be
referenced by their unique thermostat identifier, the public network address that they used
(or, more particularly, the public address of the private network router through which
they connect to the Internet), and optionally other relevant metadata associated with the
thermostat.

In some embodiments, update server 604 attempts to update software, firmware
and configuration updates to each of the thermostats registered in the thermostat
registration pool. If metadata from entries in the registration pool exclude versioning
information, update server may need to further query each thermostat for current versions
mstalled. Update server 604 may access entries in the registration pool and then use
corresponding network addresses in cach entry to connect to the associated thermostat
over the public network or private network, or both.

If newer software versions exist than currently used on a thermostat, update server
604 proceeds to send software updates to the thermostat over the public network. For
example, update server may use file transfer protocols such as ftp (file transfer protocol),
tftp (trivial file transfer protocol) or more secure transfer protocols when uploading the
new software. Once uploaded, installation and update of the software on the thermostat
may occur immediately through an auto-update option on the thermostat or manually
through the interface of the thermostat as requested by a user.

One embodiment of pairing server 606 facilitates the association or "pairing" of a
thermostat with a thermostat management account on thermostat management account

server 612. The term “thermostat management account” can be used interchangeably
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with “user account” herein unless specified otherwise. Once the thermostat is paired with
a user account, a rich variety of network-enabled capabilities are enabled as described
further herein and in one or more of the commonly assigned applications,

supra. For example, once pairing has been achieved, a person with access to the
thermostat management account may access the thermostat (through the thermostat
management system 506 using the thermostat access client 516) for a variety of purposes
such as seeing the current temperature of the home, changing the current setpoint,
changing the mode of the thermostat between “home” and “away”, and so forth.
Moreover, the thermostat management system 506 can then start tracking the various
information provided by the thermostat which, in turn, enables a rich variety of cloud-
based data aggregation and analysis that can be used to provide relevant reports,
summaries, updates, and recommendations to the user either through the thermostat
display itself, through the thermostat access client 516, or both. A variety of other
capabilities, such as demand-response actions in which the thermostat management
server sends an energy alert and/or sends energy-saving setpoint commands to the
thermostats of users who have enrolled in such programs, can be carried out.

In view of the importance of establishing a pairing between the thermostat and a
thermostat management account, there is provided an ability for a fallback method of
pairing, which can be termed a “manually assisted” method of pairing, that can take
effect and be carried out in the event that the convenient auto-pairing methods described
further hereinbelow cannot be securely and reliably carried out for a particular
installation. The manually assisted method may use an alphanumeric "passcode" to pair
the thermostat to the thermostat management account. Typically, the passcode is sent to
the thermostat over a public network, like the Internet, and displayed on the display area
of the thermostat. Authorization to access the thermostat is provided if the user obtaining
the passcode from the display on the thermostat then enters it into a pairing dialog
presented when the user logs into their thermostat management account. Pairing server
606 pairs the thermostat with the user’s thermostat management account if the user enters

that same passcode that was displayed on their thermostat display.
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According to a preferred “auto-pairing” method, the pairing server 606 may
automatically pair or “auto-pair’” a thermostat management account to a thermostat if
both arc located on the same private network. If the thermostat and thermostat
managcement account arc associatcd with the same private network, embodiments of the
present invention presume the thermostat is at the user's home, office, or other area where
the user should also have control of the device. To make this determination
automatically, the pairing server 606 compares the public network address that was used
to register the thermostat aver the Internet with the public network address used by the
computer device that has most recently been used to access the thermostat management
account. Since the thermostat and computer device only have private network addresses,
the router on the private network they share inserts the same public network address into
their packets thus allowing the two devices to access servers, services, and other devices
on the Internet. "Auto-pairing"” takes advantage of this fact and automatically pairs
devices sharing the same public network address. This is particularly advantageous from
a user standpoint in that the user is not bothered with the need to enter a passcode or other
alphanumerical identifier in order to achieve the pairing process, and avoids the concern
that a user may madvertently enter incorrect codes or identifiers into the system. Details
on auto-pairing and manually assisted pairing arc described in further detail later herein.

Thermostat front end uscr-interface (UI) server 608 facilitates the generation and
presentation of intuitive, user-friendly graphical user-interfaces that allow users to
remotely access, configure, interact with, and control one or more of their network-
connected thermostats 110/112 from a computer web browser, smartphone, tablet, or
other computing device. The user-friendly graphical user-interfaces can also provide
useful tools and interfaces that do not necessarily require real-time connectivity with the
thermostats 110/112 with examples including, for some embodiments, providing user
interfaces for displaying historical energy usage, historical sensor readings and/or
occupancy patterns, allowing the user to learn about and/or enroll in demand-response
programs, provide social networking forums that allow users to interact with each other

in informative, competitive, fun ways that promote energy savings, provide access to
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local information including weather, public safety information, neighborhood calendar
events, and local blogs, and more generally provide services and information associated
with a comprehensive “energy portal” functionality. Examples of intuitive, user-friendly
graphical uscr-interfaces provided by the Ul server 608 according to once or more
preferred embodiments are described further in co-pending U.S. Patent Application Ser.
No. 13/317,423.

In some embodiments, a thermostat access client user-interface displays an image
of a house representing a primary enclosure paired to the thermostat management account
in the thermostat management system. Thermostat front end Ul server 608 may further
instruct the thermostat access client, such as thermostat access client 516 in Fig. 5, to
display images visually representative of one or more thermostats 110/112 inside the
primary enclosure. By default, each of the one or more thermostat images may also
display a current temperature measurement in the enclosure. In some embodiments, the
user-interface may also further display an image of an additional house, or houses,
representing a secondary enclosure having additional thermostats that are also paired to
the thermostat management account. The image of the additional house may appear
smaller, out of focus or generally deemphasized visually 1n relationship to the image of
the house representing the primary enclosure. Additional enclosures beyond the
sccondary enclosure can also be displayed in the uscr interface and should also appcar
visually deemphasized compared with the image displayed for the primary enclosure.
Further information on the thermostat access client and user-interface are described in
more detail in co-pending U.S. Patent Application Ser. No. 13/317,423.

Thermostat backend server 610 manages the storage of data used by various
thermostat management servers in the thermostat management system 506. In some
embodiments, thermostat backend server 610 may manage storage of the thermostat
registration pool data used by the registration server 602 or may organize and store new
software updates and releases for the update server 604. In another embodiment,
thermostat backend server 610 may also store heating and cooling related data (i.c., date

and time HVAC system was in either heating or cooling mode within the enclosure),
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sensor information, battery-level data, alarms, etc. associated with an enclosure that was
sent to the thermostat management system 506 by thermostats registered therewith, and
in some embodiments and provide pre-computed heating and cooling schedules,
applications, and other data for download over the public nctwork for usc by the
thermostats.

In some embodiments, thermostat management account server 612 is used to
create new accounts and update existing accounts on thermostat management system 506.
To access their thermostat over a thermostat access client 516 and enjoy the benefits of
thermostat connectedness, the user is first required to create of a thermostat management
account (“user account”) on thermostat management account server 612 using their
thermostat access client 516. Accordingly, users execute the thermostat access client 516
on a computer or other computer device to access the thermostat management account
server 612. The thermostat management account server 612 should receive at least the zip
code and/or city and state for the enclosure in which the thermostat is (or will be)
installed, such that weather information provided by a weather service can be accessed
and downloaded to the thermostat, which can be used as part of its optimal enclosure
characterization and HVAC control algorithms. Optionally, a variety of other
information including a user’s contact information, enclosure street addresses, and so
forth can also be received. Primary options associated with the thermostat management
account server 612 include pairing one or more thermostats to the correct thermostat
management account through pairing operations provided by pairing server 606.
However, even if the account is not yet paired with a thermostat, the user may use the
thermostat management account to access local information including weather, public
safety information, neighborhood calendar events, local blogs and more information
based upon the user's contact information, locale and other interests.

Figs. 7A-71 illustrate aspects of a graphical user interface on a smart phone for
performance and other information for an HVAC system controlled by a self-
programming network-connected thermostat, according to some embodiments. In Fig.

7A, smartphone 508 is shown as an iPhone running the Apple iOS operating system,
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although according to other embodiments the smartphone 508 could be a different device
running a different operating system such as Android, Symbian, RIM, or Windows
operating systems. Smart phone 508 has a large touch sensitive display 710 on which
various types of information can be shown and from which various types of user input
can be received. The display area shows a top information bar 720 that is generated by
and is standard to the operating system of the phone 508. An upper banner are 722
includes information such as the thermostat manufacture’s logo, as well as the city name
and current outdoor temperature for the location where the user’s thermostat is installed.
A main window arca 730 shows a house symbol 732 with the name assigned in which
thermostat is installed. A thermostat symbol 734 is also displayed along with the name
assigned to the thermostat. For further details of user interfaces for remote devices such
as smartphone 508, see co-pending U.S. Patent Application Ser. No. 13/317,423 .

The lower menu bar 740 has an arrow shape that points to the symbol

to which the displayed menu applies. In the example shown in Fig. 7A, the
arrow shape of menu 740 is pointed at the thermostat symbol 734, so the menu items,

namely: Energy, Schedule, and Settings, pertain to the thermostat named “living room.”
Menu 740 also includes an on/off toggle button 742 from which the user can turn off or
on the thermostat. When the “Energy” menu option of selected from menu 740 in Fig.
7A by the user, the display 710 transitions to that shown in Fig. 7B. An upper menu area
750 mimics the menu 740 in Fig. 7A and provides the user location information within
the menu structure as well as provides a convenient means for the user to navigate within
the menu structure. The central display area 760 shows energy related information to the
user in a calendar format. The individual days of the month are shown below the month
banners, such as banner 762, as shown. The user can gesture on the touch screen to scroll
up and down through different days. Also shown is a leaf logo, such as logo 768 for
Wednesday February 29™, in cases where a leaf logo has been awarded for that day.
Further details of awarding the leaf logo are provided herein. For each day, a horizontal
bar, such as bar 766, is used to graphically indicatc to the user the amount of encrgy used

on that day for heating and/or cooling. In the case of Fig. 7B, heating was the only
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HVAC function used. The bars are colored to match the HVAC function such as orange
for heating and blue for cooling. In cases where there is multi-stage heating different
shades or hues such as salmon and orange can be used. Also shown next to cach bar is
the number hours, rounded to ncarest quarter of an hour during which thec HVAC
function, in this case heating, was activated. According to some embodiments, the
relative length of each bar represents the number of hours that the HVAC function was
active. Since the number of hours of activity for an HVAC function is closely related to
the energy usage by that function, the number hours is found to be a useful metric for
displaying energy usage information to thermostat users. According to some
embodiments, the lengths of the bars are normalized wherein day having the greatest
amount of usage in the dataset has a full length bar. Also shown on the far right side of
cach day is a responsibility symbol 764 which indicates the determined primary cause for
ecither over or under average energy usage for that day. According to some embodiment,
a running average is used for the past seven days for purposes of calculating whether the
energy usage was above or below average. According to some embodiments, three
different responsibility symbols are used: weather (such as shown in symbol 764), users
(people manually making changes to thermostat’s set point or other settings), and away
time (cither due to auto-away or manually activated away modes).

Fig. 7C shows the screen of Fig. 7B where the uscr is asking for more information
regarding the responsibility symbol 762. The user can simply touch the responsibility
symbol to get more information. In the case shown in Fig. 7C the pop up message 770
indicates to the user that the weather was believed to be primarily responsible for causing
energy usage below the weekly average.

Fig. 7D shows another example of a user inquiring about a responsibility symbol.
In this case, the user has selected an “away” symbol 774 which causes the message 772
to display. Message 772 indicates that the auto-away feature is primarily responsible for
causing below average energy use for that day.

According to some embodiments, further detail for the energy usage throughout

any given day is displayed when the user requests it. When the user touches one of the
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energy bar symbols, or anywhere on the row for that day, a detailed energy usage display
for that day is activated. In Fig. 7E the detailed energy information 780 for February 29"
1s displayed in response to the user tapping on that day’s arca. If the user taps on the
detailed arca 780 again the display will toggle back to the simplc daily display (such as
shown by the other days in Fig. 7E). The detailed display are 780 includes a time line bar
782 for the entire day with hash marks or symbols for each two hours. The main bar 782
is used to indicate the times during the day and duration of each time the HVAC function
was active (in this case single stage heating). The color of the horizontal activity bar,
such as bar 786 matches the HVAC function being used, and the width of the activity bar
corresponds to the time of day during which the function was active. Above the main
timeline bar are indicators such as the set temperature and any modes becoming active
such as an away mode (e.g. being manually set by a user or automatically set by auto-
away). The small number on the far upper left of the timeline indicates the starting set
point temperature (i.e. from the previous day). The circle symbols such as symbol 784
indicate the time of day and the temperature of a set point change. The symbols are used
to indicate both scheduled setpoints and manually change setpoints.

Fig. 7F shows another example of a detailed daily display, according to some
embodiments. In this casc detailed energy information786 is shown for Saturday,
February 25", As in the case shown in Fig. 7E, the user has sclected this day by tapping
on the day’s area to reveal a detailed timeline bar showing HVAC function activity as
well as events such as triggering an away mode and changes in setpoint temperatures. In
this case the away symbol 788 is used to indicate that the thermostat went into an away
mode (either manually or under auto-away) at about 7 AM.

Fig. 7G shows an example of smartphone display area 710 for a different
structure, according to some embodiments. In this case the structure is named
Katherine’s House shown by the house symbol 732 and includes two thermostats named
“Downstairs” and “Upstairs” shown by thermostat symbols 736 and 738 respectively. At
the time shown in Fig. 7G, the downstairs thermostat is heating to a set point temperature

of 66 degrees while the upstairs thermostat is in an auto away mode as shown in the
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symbols 736 and 738. The arrow on the lower menu bar points to the downstairs
thermostat, which controls both heating and cooling as shown by the two small circles on
the right side of the lower menu bar. The HVAC function heating is currently active as
shown by an orangc color fill on the Icft circle while the right symbol has no colored fill
(and so is shown with a white center). If the user selects the “energy “ selection on the
lower menu then detailed energy information for the downstairs thermostat is shown such
as shown in Fig. 7H.

In Fig. 7H, the colors of the horizontal energy use bars for each day are shaded in
different colors to indicate the HVAC function or functions that were active for that day.
For example, for Sunday, February 26™ only heating was used as indicated by the color
of the bar which is shaded orange. On Saturday, February 25™, only cooling was used as
indicated by the color of the bar which is shaded blue. On Friday, February 24™ both
heating and cooling where used and their relative amounts are shown by the colored
shading, in this case a small amount of cooling and larger amount of heating. The user
has toggled a detailed energy view for Tuesday, February 28™ as shown by detailed
information 790. In this particular HVAC system, the heating system includes two stages
of heating, which is indicated by two different shades of orange shading in the small
encrgy usage bars. For example, closc to about 1PM the first stage heating was used,
indicated by a salmon colored shading, followed by the sccond stage of heating, indicated
by a more saturated orange colored shading. In this example cooling was used after
about 9:30 PM as indicated by a blue colored shading. On this day setpoint range was
used as indicated by the oval symbol 794. The range setpoint is used to maintain the
temperature within a range by using both heating and cooling. According to some
embodiments, other colors and/or patterns can be used. For example for relatively
expensive and/or energy consuming heating cycles such as heat-pump secondary heat
strips a bright red or bright red and black striped fill can be used. Also in cases of two-
stage cooling, darker and lighter colors of blue can be used. Details of the range setpoint
symbols are also shown in Fig. 71. The range setpoint symbol 796 indicates that range

setpoint of 75 degrees for cooling and 68 degrees for heating. Fig 71 also shows an
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example of an user responsibility symbol 798 indicating that lower than average energy
usage for that day was due to user settings (e.g. the user setting a lower than average
setpoint).

Figs. 8A-8K illustrate aspects of a graphical user interface on a tablet computer
for performance and other information for an HVAC system controlled by a self-
programming network-connected thermostat, according to some embodiments. In Fig.
8A, tablet computer 510 is shown as an iPad running the Apple iOS operating system,
although according to other embodiments the tablet 510 could be a different device
running a different operating system such as the Android, Blackberry or Windows
operating systems. Tablet 510 has a large touch sensitive display 810 on which various
types of information can be shown and from which various types of user input can be
received. The display area shows a top information bar 820 that is generated by and is
standard to the operating system of the tablet 510. A main window area 830 shows a
house symbol 832 with the name assigned in which thermostat is installed. A thermostat
symbol 834 is also displayed along with the name assigned to the thermostat. For further
details of user interfaces for remote devices such as tablet 510, see co-pending U.S.
Patent Application Ser. No. 13/317,423 . The lower menu bar 850 has an arrow shape
that points to the symbol to which the displayed menu applies.

In the example shown in Fig. 8A, the arrow shape of menu 850 is pointed
at the thermostat logo 834, so the menu items, namely: Energy, Schedule, and Settings,
pertain to the thermostat named “living room.” IN the example shown in Fig. 8A, the
“Energy” menu option of selected from menu 850 and so there is a lower display area
860 that provides the user with energy related information in a calendar format. The
individual days of the month are shown below the month banners as shown. The user can
gesture on the touch screen to scroll up and down through different days. Also shown is
a leaf logo, such as logo 868 for Wednesday February 29" in cases where a leaf logo has
been awarded for that day. Further details of awarding the leaf logo are provided herein.
For cach day, a horizontal bar, such as bar 866, is used to graphically indicate to the user

the amount of energy used on that day for heating and/or cooling. In the case of Fig. 8A,
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heating was the only HVAC function used. The bars are colored to match the HVAC
function such as orange for heating and blue for cooling. In cases where there is multi-
stage heating different shades or hues such as salmon and orange can be used. The
shading indications follow thosc such as shown in Fig. 7H. Also shown ncxt to cach bar
is the number hours, rounded to nearest quarter of an hour during which the HVAC
function, in this case heating, was activated. Also shown on the far right side of each day
is a responsibility symbol 864 which indicates the determined primary cause for either
over or under average energy usage for that day. According to some embodiment, a
running average is used for the past seven days for purposes of calculating whether the
energy usage was above or below average. According to some embodiments, three
different responsibility symbols are used: weather (such as shown in symbol 864), users
(people manually making changes to thermostat’s set point or other settings), and away
time (either due to auto-away or manually activated away modes).

Further detail for the energy usage throughout any given day is displayed when
the user requests it. When the user touches on the row for a day, a detailed energy usage
display for that day is activated. In Fig. 8B the detailed energy information 880 for
February 26™ is displayed in response to the user tapping on that day’s area. If the user
taps on the detailed information 880 again the display will toggle back to the simple daily
display. The detailed display information 880 includcs a main time linc bar 882 for the
entire day with hash marks or symbols for each two hours. The main bar 882 is used to
indicate the times during the day and duration of each time the HVAC function was
active (in this case single stage heating). The color of the horizontal activity bar, such as
bar 886 matches the HVAC function being used, and the width of the activity bar
corresponds to the time of day during which the function was active. Above the main
timeline bar are indicators such as the set temperature and any modes becoming active
such as an away mode (e.g. being manually set by a user or automatically set by auto-
away). The small number on the far upper left of the timeline indicates the starting set

point temperature (i.e. from the previous day). The circle symbols such as symbol 884
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indicate the time of day and the temperature of a set point change. The symbols are used
to indicate both scheduled setpoints and manually change setpoints.

Fig. 8C shows a screen where the user is asking for more information regarding
the responsibility symbol 864, The user can simply touch the responsibility symbol to
get more information. In the case shown in Fig. 8C the pop up message 870 indicates to
the user that the weather was believed to be primarily responsible for causing energy
usage below the weekly average.

Figs. 8D-8] show various settings screens on the tablet 510, according to some
embodiments. The setting menu for a thermostat is accessed by selecting the option
“Settings” from menu 850 such as shown in Fig. 8A. Fig. 8D shows the settings main
menu for the downstairs thermostat. Various settings categories are shown in area 802
and the user can scroll up and down through the list using a touch screen gesture
according to the particular operating system of the tablet 510. Each of the settings
options shown in the rows in area 802 have a right arrow marker such as marker 804. If
the marker is selected by the user one or more detailed screens are displayed for that
option. If marker 804 is selected, for example, more detailed information for the away
settings are displayed, which 1s shown in Fig. 8E. In Fig 8E the menu area 850 indicates
to the uscr that a detailed view of the “away” settings arc being shown. Also, the user
can casily navigate back to the main scttings menu by selecting the “Settings” option in
menu area 850. The detailed away settings information area 806 includes an auto-away
feature toggle (currently the feature is paused, as indicated), and a lower area for showing
and setting the away temperatures. A message explains information regarding the away
temperature settings to the user. In settings slider 808 the user can view the current away
temperature settings, as well as the default. Also, the user can easily set the away
temperature by touching and dragging the circular symbol as shown in the case of away
heating temperature symbol 812,

Fig. 8F shows further detail of the “at a glance” information in the settings menu.
The arca 822 shows the current name of the thermostat which can be changed by the user

in the box shown. The current setting for Fahrenheit or Celsius is shown which the user
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can also change. Also displayed is the current temperature. The current setpoint (in this
case the thermostat “upstairs” is set to auto-away, so the auto away temperature will be
used as the sct point), and the relative humidity.

Fig. 8G. shows further dctail of the “lcarning” information arc 824 which is
accessed from the settings menu shown in Fig. 8D. The learning information arca 824
shows the status of various learning algorithms and features such as Auto-schedule
(which can be paused or activated); Auto-away (which can also be paused or activated);
Time-to-temperature; Leaf and Energy history available.

Fig. 8H shows further detail of the “equipment” sub menu which is accessed from
the settings menu shown in Fig. 8D. The equipment submenu 840 includes selections for
Fuel type, Forced Air, Wiring and Safety Temperatures.

Fig. 81 shows further detail of the safety temperatures, which accessed from the
equipment submenu shown in Fig. 8H. The safety temperatures are the minimum (or
heating) and maximum (for cooling) temperatures that the thermostat will always attempt
to maintain so long as it is switched on. The safety temperature information area 826
includes a message explaining the safety temperature settings. In settings slider the user
can view the current safety temperature settings, as well as the default. Also, the user can
casily set the safety temperaturcs by touching and dragging the circular symbol as shown
in the casc of cooling safety temperature symbol 828. The user is also reminded of the
default safety temperature settings as shown.

Fig. 8] shows further detail of the wiring information which accessed from the
equipment submenu shown in Fig. 8H. The wiring information arca 824 shows an image
844 of the thermostat backplate, which indicates which wires are connected to the various
wiring connector terminals. According to some embodiments, the wires are shown in
colors that match the conventional standard colors used for thermostat wiring. Also
shown in area 824 arec the HVAC functions that are installed. In the case shown in Fig.
8J, the HVAC installed functions are: Heating, Stage two heating, and Cooling.

Fig. 8J an example of the tablet 510 in a portrait orientation. The information

displayed is similar to the information displayed in Fig. 8A.
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Figs. 9A-G illustrate aspects of a graphical user interface on a personal computer
for performance and other information for an HVAC system controlled by a self-
programming network-connected thermostat, according to some embodiments. In Fig.
9A, computer 512 is shown as an iMac desktop computer running an Apple OS operating
system, although according to other embodiments the computer 512 could be a different
type of computer (such as laptop) and/or running a different operating system such as a
Windows operating system. Computer 512 has a display 902 on which various types of
information can be shown, including window 910. The computer 512 includes a
keyboard 904 and pointing device, such as mouse 906 that is used to direct the on-screen
pointer 908. The window 910 includes shows an url address area near the top of the
window 910 as well as an upper banner area includes information such as the thermostat
manufacture’s logo, the user’s on-line account name, as well as the city name and current
outdoor temperature for the location where the user’s thermostat is installed. A main
window arca 930 shows a house symbol 932 with the name assigned in which thermostat
is installed. A thermostat symbol 934 is also displayed along with the name assigned to
the thermostat. For further details of user interfaces for computing devices relating to
thermostats, see co-pending U.S. Patent Application Ser. No. 13/317,423 .

The lower menu bar 740 has an arrow shape that points
to the symbol to which the displayed menu applies. In the example shown in Fig. 9A, the
arrow shape of menu 740 is pointed at the house symbol 932, so the menu items, namely:
Settings and Support, pertain to the structure named “Palo Alto.” Menu 740 also includes
an on/off toggle button on the far right side from which the user can change the status of
the structure between “home” and “away.”

Fig. 9B shows an example of window 910 when the user has selected the
thermostat symbol 934 using the pointing device 908. Thermostat symbol 934 enlarges
so as to be similar or identical to the thermostat’s own display, such that it shows more
information such as the current temperature on the tick marks. The menu 940 now
displays options that apply to the thermostat named “Hallway.” The menu 940 also

shows two circle symbols to indicate the currently active HVAC function. In this case
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the right circle 942 is shaded orange which indicates that the heating HVAC function is
currently active. The user can also use the circular symbols to select which function is
active or turn the thermostat off, according to some embodiments.

When the “Energy” menu option of sclected from menu 740 in Fig. 9B by the
user, the window 910 transitions to that shown in Fig. 9C. An upper menu arca 750
mimics the menu 940 in Fig. 9B and provides the user location information within the
menu structure as well as provides a convenient means for the user to navigate within the
menu structure. The lower window area 960 shows energy related information to the
user in a calendar format. The individual days of the month are shown below the month
banners as shown. The user can use the pointer and the scrolling control area on right
side of area 960 to scroll up and down through different days. If a scrolling control
and/or gestures are provided on the pointing device (such as a scroll wheel) and other
input device (such as a track pad) then it can also be used by the user to scroll through
energy data for different days. A leaf logo is displayed in cases where a leaf logo has
been awarded for that day. Further details of awarding the leaf logo are provided herein.
For each day, a horizontal bar is used to graphically indicate to the user the amount of
energy used on that day for heating and/or cooling. In the case of Fig. 9C, multi stage
heating was uscd, and the same shading patterns arc used to indicate colors as shown in
Fig. 7H. The other aspects of the energy display, including the detailed daily information
such as shown for Wednesday, March 7% are similar or identical to those shown and
described in the forgoing smartphone and tablet computer examples. One difference,
however, is that on a computer interface information can be displayed by a user hovering
the pointer in certain locations. Figs. 9D-9G show various example of displaying such
information. In Fig. 9D, the user is hovering (but not clicking) the pointer 908 over the
setpoint symbol 982. In response, an information banner 980 is displayed which
indicates to the user that the symbol represents a setpoint for heating to 72 degrees on
Thursday at 6:30AM. Also indicated is how the setpoint originated - in this case set by
Nest Learning, an automatic-learning feature. Fig. 9E shows an example of the user

hovering pointer 908 over the away symbol 984, which caused the information banner
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986 to display. In this case at 7:58 AM the thermostat was manually (i.e. by a user either
directly on the thermostat or remotely) set to an away mode. Fig. 9F shows another
example of hovering pointer 908 over a sctpoint symbol. Banner 988 indicates that the
sctpoint at 7:23PM was sct by Nest Learning. Fig. 9G shows another example of
hovering pointer 908 over an away symbol. In this case, banner 990 shows that the away
mode was triggered by the auto-away feature.

Further description will now be provided for determining primary responsibility
for either over or under average energy usage. Such responsibility information can be
used, for example to display the responsibility symbols on the energy user interface
screens, such as “weather” symbol 764 in Fig. 7C, “away” symbol 774 in Fig. 7D, and
“user” symbol 798 in Fig. 71. By determining and displaying the primary responsibility
to the user, the user can learn to make better choices in order to conserve both energy and
COSts.

Fig. 10 is a flowchart illustrating a method for determining primary responsibility
for above and below average energy usage, according to some embodiments. According
to these embodiments energy usage is assigned to the User, Weather, Auto-Away, or
Away, which are referred to herein as “agents.” The term blame will refer to a time that a
particular agent causcs an increase in encrgy usage. The term credit refers to a decrease
in energy usage. The terms blame and credit are equal and opposite, so when determining
the overall effect an agent has on energy usage, the affect on energy usage is equal to
credit minus blame. If this effect is positive, the agent is responsible for saving energy
and if the affect is negative, the agent is responsible for wasting energy. In determining
primary responsibility among the various agents, the agent that has the largest overall
affect on energy usage is considered to be the primary responsible agent. It is assumed
that if the usage is above average, that this agent will have a net negative affect on usage,
and vice versa. The method shown in Fig. 10, according to some embodiments, is carried
out every midnight (local time). According to some embodiments, calculations are made

in degree-seconds so that the magnitude of temperature changes as well as the duration is
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preserved. According to some alternate embodiments the calculations can be made in
degree-hours to avoid overflow of fixed point numbers.

In step 1010, values for uscr credit and user blame are calculated. Note that in
this example the user only gets credited or blamed for times when the thermostat is not in
Away or Auto-Away mode. For heating, for every 30-second bucket the target
temperature and the scheduled temperature at that time are compared. If the system is in
OFF mode and ambient temperature is less than the scheduled temperature, the user
avoided an inefficient setpoint, so the user is credited 30 seconds times difference
between the scheduled temperature and the ambient temperature. If the target and
scheduled temperatures are the same, the difference is zero, meaning that the device is
running the scheduled setpoint, so the user is neither credited nor blamed. If the target
temperature is less than the ambient temperature, and the ambient temperature is less than
the scheduled temperature, then the user conserved energy, and the user is credited for 30
seconds times the difference between the ambient temperature and target temperature. If
the scheduled temperature is less than the ambient temperature, and the ambient
temperature is less than the target temperature, then the user wasted energy, so we blame
the user for 30 seconds times the difference between the ambient temperature and the
scheduled temperature.

For cooling, for cvery 30-sccond bucket, the target temperature and the scheduled
temperature at that time are compared. If the system is in OFF mode and the scheduled
temperature is less than the ambient temperature, then the user avoided an inefficient
setpoint, so user is credited 30 seconds time the difference between the ambient
temperature and the scheduled temperature. If the temperatures are the same, the
difference is zero, meaning that the device is running the scheduled setpoint, so the user
is neither credited nor blamed. If the scheduled temperature is less than the ambient
temperature, and the ambient temperature is less than the target temperature, the user
conserved energy, so the user is credited for 30 seconds times the difference between the
target temperature and the ambient temperature. If the target temperature is less than the

ambient temperature, and the ambient temperature is less than the scheduled temperature,
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the user wasted energy, so the user is blamed for 30 seconds times the difference between
the ambient temperature and the target temperature.

In step 1012, the values for the weather credit and weather blame are calculated.
Notc that according to somc ecmbodiments, this weather valucs arc averaged when finding
the primary responsible agent, so that constant weather patterns are ignored. For every
30-second bucket, a calculation is made for the difference between the outside
temperature and the scheduled temperature times 30 seconds (the size of bucket). If
weather is in the more energetic direction in temperature (e.g. colder in the case of
heating or warmer in the case of cooling), the weather is blamed by this amount. If
weather is in the less energetic direction in temperature, the weather credited by this
amount.

In step 1014, the values for auto-away credit are calculated. Note according to
these embodiment Away or Auto-Away are not blamed in any case; they can only be
credited. In heating mode, if the heating away temperature is less than the ambient
temperature, and the ambient temperature is less than the scheduled target temperature,
than away is credited for 30 seconds times the difference between the target temperature
and the ambient temperature. In cooling mode, 1f the cooling away temperature high is
greater than the ambient temperature, and the ambient temperature is greater than the
scheduled target temperature, then away is credited 30 seconds times the difference
between the ambient temperature the target temperature.

In step 1016, the values for away credit are calculated which is the same as
described above for step 1014 except for manually initiated away times.

In step 1018 the primary responsible agent is calculated using the method of steps
1020, 1022 and 1024. In step 1020, the seconds above/below average is calculated by
summing total activity (heating, cooling, aux) over days in the past week that have
enough data (¢.g. missing no more than 2 hours) and divide that by the number of valid
days. Then the seconds above weekly average is equal to the total activity today minus
the average activity. In step 1022, if today is above average, then blame the agent with

the greatest (blame - credit). If all values are less than zero, then set the blame to
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unknown. In step 1024, if today is below average, then credit the agent with the greatest
(credit - blame). If all values are less than zero, then set the credit to unknown. Note that
according to some¢ embodiments, the weather can only be blamed/credited when at least
18 hours of weather data is available. In step 1030, the encrgy summary is logged with
an event including which agent (user, weather, auto-away, or manual-away) is deemed to
be primarily responsible for the above or below average energy usage.

Figs. 11A-B show an example of an email that is automatically generated and sent
to users to report energy performance-related information, according to some
embodiments. Figs. 11A and 11B show the upper part and lower part of the example
email 1110 respectively. According to some embodiments the a monthly energy
summary email is sent to the user to inform the user of various energy-related data and
also provide the user with recommendations so as to enable the user to make better
choices in terms of improving comfort and/or conserving energy and costs.

Area 1120 of email 1110 includes the manufacturer’s logo, along with the user’s
account name, location and the dates for which the information pertains. Area 1130 gives
the user an energy usage summary for the month. In this calculations indicate that 35%
more energy was used this month versus last month. Bar symbols are mcluded for both
cooling and heating for the current month versus the past month. The bars give the user a
graphical representation of the energy, including difterent shading for the over (or under)
user versus the previous month.

Area 1140 indicates leaf award information. In this case the user has earned a
total of 46 leafs overall (since the initial installation). A message indicates how the user
compares to the average user. A calendar graphic 1142 shows the days (by shading) in
which a leaf was earned. In this case leafs were earned on 12 days in the current month.
Details of the leaf algorithm are given in Figs 12-15. According to some embodiments, a
leaf is awarded for the day, if the leafis displayed (or would be displayed) for at least one
hour during that day.

Area 1150 shows information relating to the auto-away and manual-away

features. The calendar symbols 1152 and 1154 show the days that auto-away and/or
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manual-away was triggered. Also provided in area 1150 is information about the number
of hours auto-away was used, recommendations for saving energy and cost, as well as
information about avcrages among other users.

Arca 1160 shows information during which the thermostat was switched to “off,”
and includes a month calendar symbol 1162. Area 1170 provides tips the aid the user in
saving more energy. The tips can be customized for the particular user. For example, if
the user has set the away temperature for heating to greater than the default 62 degrees, a
message can be displayed suggesting a change. A link is also provided to further aid the
user in conveniently making the suggested settings change.

Area 1180 provides further assistance such as how to use certain features and
obtain further information, along with links for further information and assistance.

Figs. 12-15 are flow charts showing steps in determining when a leaf will be
displayed, according to some embodiments. Fig 12 shows the algorithm for displaying
the leaf when heating is active. In step 1210, the leaf always shows when the setpoint is
below 62°F. In step 1212, if the setpoint is manually changed to 2°F or more below the
current schedule setpoint then the leaf is displayed, except that a leaf is not displayed if
the setpomt 1s above 72°F, according to step 1214.

Fig. 13 shows the algorithm for displaying the leaf when cooling is active. In step
1310, a Icaf is always displayced if the sctpoint is above 84°F. In stop 1312 the Icafis
displayed if the setpoint is manually set to 2°F or more above the current schedule
setpoint, except that according to step 1314 t the leaf is not displayed if the setpoint is
below 74°F. For purposes of earning a leaf to the day, which is used for example in the
energy displays and the energy email shown herein, a leaf is awarded when the leaf has
displayed for at least one hour during that day.

Figs. 14 and 15 show the algorithms for displaying the leaf when selecting the
away temperatures. Fig. 14 shows the general algorithm. In step 1410 an average
schedule temperature is calculated by normalizing the setpoints by the number hours for
each setpoint. In step 1412, the leaf is displayed if the away temperature is set to 2°F or

more below the average schedule temperature, in the case of heating. The same
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algorithm can be used for cooling displaying a leaf if the away temperature was 2°F or
more above the average schedule temperature. Furthermore, absolute thresholds for
displaying and/or not displaying the leaf such as in Figs. 12 and 13 can also be
implemented in the away temperature algorithm, according to some ecmbodiments. If
there is no schedule, e.g. if the thermostat has just been installed, then the algorithm in
Fig. 15 is used. In step 1510, the leafis displayed if the away temperature is set at or
below 62°F for heating. In step 1512, the leaf is displayed if the away temperature is set
at or above 82°F for cooling,

Fig. 16 is a series of display screens on a thermostat in which a leaf icon is slowly
faded to on or off, according to some embodiments. Thermostat 110 is shown with at a
current setpoint of 70 degrees and a current ambient temperature of 70 degrees in screen
1610. The user begins to rotate the outer ring counter clockwise to lower the setpoint. In
screen 1612, the user has lowered the setpoint to 69 degrees. Note that the leaf is not yet
displayed. In screen 1614 the user has lowered the setpoint to 68 degrees and according
to the algorithm (for example as shown in Fig. 12), the leaf symbol 1630 is displayed.
According to these embodiments, however, the leaf is first shown in a faint color (i.e. so
as to blend with the background color). In screen 1618, the user continues to turn down
the setpoint, now to 67 degrees. Now the leaf symbol 1630 is shown in a brighter more
contrasting color (of green, for example). Finally, if the user continues to turn set the
setpoint to a lower temperature (so as to save even more energy), in the case of screen
1620 the setpoint is now 66 degrees, the leaf symbol 1630 is displayed in full saturated
and contrasting color. In this way the user is given useful and intuitive feedback
information that further lowering of the heating setpoint temperature provides greater
energy savings.

Thermostat management servers 520, supra have the capability to communicate
with thermostat 101 paired with the servers, and in particular have the ability to transmit,
receive and process information (e.g., data, firmware, instructions and the like) to or from
thermostat 101. One exemplary non-limiting example of such information relates to the

functioning of the thermostat and the HVAC system controlled by it (e.g., scheduled
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temperatures, away states and temperatures, manual temperature changes, and the amount
of time in a particular mode (e.g., heating mode, off mode, cooling mode) or in a
particular state (Auto-Away, or Manual-Away). Figs. 17A-D illustrate time plots of a
normal setpoint temperature schedule versus an actual operating setpoint plot
corresponding to an exemplary operation of an Auto-Away/Auto-Arrival algorithm
according to some embodiments. For purposes of this discussion, Auto-Arrival simply
puts the thermostat back into its schedule mode, where the setpoint temperature returns
back to the schedule temperature, unless otherwise manually modified by the user.
Shown in FIG. 17A, for purposes of clarity of disclosure, is a relatively simple exemplary
thermostat temperature schedule 1702 for a particular weekday, such as a Tuesday, for a
user (perhaps a retiree, or a stay-at-home parent with young children). The schedule
1702 consists of a simple schedule (for example when the occupant is normally awake)
between 7:00AM and 9:00PM for which the desired and scheduled temperature is 76
degrees, and a schedule between 9:00PM and 7:00AM (for example when the occupant
may normally be asieep) for which the desired and scheduled temperature is 66 degrees.
For purposes of the instant description, the schedule 1702 can be termed a “normal”
setpoint schedule or just schedule. A schedule is a sct of one or more setpoint
temperatures at different times of the day (e.g., 76 deg. at 7Tam and 66 deg. at 9pm), when
scheduled time is reached the thermostat will control the HVAC system to achieve the
scheduled setpoint temperature. The thermostat will control the HVAC system to
achieve the scheduled temperature unless over ridden, for example by a user manually
setting the temperature set point, which temperature would be maintained until the next
scheduled time indicating a different scheduled temperature, and the thermostat would
return to controlling the HVAC system to achieve the schedule. The normal setpoint
schedule 1702 could have been established by any of a variety of methods described
previously in one or more of the commonly assigned applications, or by some other
method.

In accordance with a preferred Auto-Away algorithm, an enclosure occupancy

state is continuously and automatically sensed using thermostat 111°s multiple sensor
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technology, such as a passive infrared proximity sensor within thermostat 110. According
to some embodiments the occupancy sensor makes measurements at fairly high
frequencies - such as 1-2 Hz. The measurements are then collected into “buckets” of
time, such as 5 minutcs. A simplc algorithm is used to determing, for cach “bucket”,
whether occupancy is detected or not. For example, if more than two sensor readings in a
bucket show detected movement, then the 5 minute “bucket” is regarded as “occupancy
detected.” Thus, each “bucket” is classified into one of two states: “occupancy detected”
or “no occupancy detected.” According to some embodiments a certain threshold
percentage of readings must indicate movement in order for the bucket to be classified as
“occupancy detected.” For example, it may be found that even with relatively poor
placement, around 10 percent of the readings indicate movement when the conditioned
enclosure is occupied. In this example, a threshold of 5 percent may be used to classify
the bucket as “occupancy detected.”

According to some embodiments, based at least in part on the currently sensed
states of the buckets, the thermostat may classify the enclosure or conditioned space into
any of several states, for example and not by way of limitation “Home” (also known as
“occupied”) and “Away” (Auto- or Manual-). According to some preferred
embodiments, when the currently sensed occupancy has been “no occupancy detected”
for a predetermined minimum interval, termed herein an away-state confidence window
(ASCW), then the Auto-Away feature triggers a change of the state of the enclosure from
“Home” to Away, Auto-Away in particular. Manual-Away is when a user manually sets
the thermostat into the Away state, referred to as Manual-Away. As a result of a state
change to Away (Auto- or Manual-) the actual operating setpoint temperature is changed
to a predetermined energy-saving away-state temperature (AST), regardless of the
setpoint temperature indicated by the normal thermostat schedule, where AST is
preferably well below any scheduled temperature setpoints.

The purpose of the Auto-Away and Manual-Away features is to avoid
unnecessary heating or cooling when there are no occupants present to actually

experience or enjoy the comfort settings of the schedule 1702, thereby reducing HVAC
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usage and saving energy. The AST may be set, by way of example, to a default
predetermined value of 62 degrees for winter periods (or outside temperatures that would
call for heating) and 84 degrees for summer periods (or outside temperatures that would
call for cooling). Optionally, thc AST tempcraturcs for hcating and cooling can be uscr-
settable.

The away-state confidence window (ASCW) corresponds to a time interval of
sensed non-occupancy after which a reasonably reliable operating assumption can be
made, with a reasonable degree of statistical accuracy, that there are indeed no occupants
in the enclosure. For most typical enclosures, it has been found that a predetermined
period in the range of 90-180 minutes is a suitable period for the ASCW, to accommodate
for common situations such as quiet book reading, stepping out to the corner mailbox,
short naps, etc. in which there is no sensed movement or related indication for the
occupancy sensors to sense. Further details of the away state features (e.g. and not by
way of limitation, establishing ASCW, and adjusting ASCW) are provided in one or
more of the commonly assigned patent applications, including PCT/US11/61457, supra.

In the example of FIGS. 17B-D, exemplary description of Auto- and
Manual-Away operation 1s provided in the context of a heating scenario with an ASCW
of 120 minutes, and an AST of 62 dcgrecs, with it to be understood that counterpart
examples for cooling and for other ASCW/AST value selection would be apparent to
skilled artisan in view of the present description and are within the scope of the
embodiments described herein. Shown for purposes of illustration in FIG. 17B is the
scheduled setpoint plot 1702 and actual operating setpoint plot 1704, along with a sensed
activity timeline (Ag) showing small black oval markers corresponding to sensed activity
(i.e. the “buckets” of time where occupancy is sensed), that is current as of 11:00AM.
Notably, as of 11:00AM, there was significant user activity sensed up until 10:00AM,
followed by a one-hour interval 1706 of inactivity (or buckets classified as “no
occupancy detected”). Since the interval of inactivity in Fig. 17B is only about 1 hour,
which is less than the ASCW, the Auto-Away feature does not yet trigger a change of
state to the Away state.
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Shown in FIG. 17C are the scheduled and actual setpoint plots as of 4:00PM. As
illustrated in FIG. 17C, an Away state was automatically triggered (Auto-Away) at
12:00PM after 120 minutes of inactivity (120 minutes since the last “occupancy detected”
bucket), the actual opcrating sctpoint 1704 changes from the scheduled sctpoint 1702 to
the AST temperature of 62 degrees. As of 4:00PM, no activity has yet been sensed
subsequent to the triggering Auto-Away, and therefore Auto-Away remains in effect and
thermostat 110 will control the HVAC system to maintain ASW.

Referring to FIG. 17D the scheduled and actual setpoint plots as of 12:00AM are
shown following the example shown in and described with respect to FIGS 17A-C. As
illustrated in FIG. 17, occupancy activity started to be sensed for a brief time
interval 1708 at about 5SPM, which triggered the “auto-return” or “auto-arrival” switching
the enclosure to “Home™ state, at which point the operating setpoint 1704 was returned to
the normal setpoint schedule 1702. Alternatively, if Manual-Away had been set,
occupancy activity would trigger the “auto-return” or “auto-arrival” switching the
thermostat to the Home or Normal state from the Away State, returning the operating set
point 404 to the normal or Scheduled set point 1702.

For some embodiments, the Away state mantains the setpoint temperature at the
encrgy-saving AST temperature until one of the following non-limiting scenarios occurs:
(1) a manual input is received from the user that changes the state back to the Home state
returning control back to the schedule temperature setpoint; (ii) a manual input is
received from the user which changes the setpoint temperature, which temperature will
control until the next time for a scheduled temperature setpoint or (iii) an “auto-arrival”
mode of operation is triggered based on sensed occupancy activity, which changes the
state back to the Home state, thereby returning control back to the schedule temperature.
Other scenarios (e.g. Vacation-Away and Sleep State) will be apparent to the skilled
artisan, many of which are more thoroughly described in one or more of the commonly
assigned applications, including PCT/US11/61457, supra.

Figs. 18-37 depict an alternative embodiment for determining when a contributor

or agent causes usage or non-usage of the HVAC system, and for reporting such usage or
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non-usage. As will be appreciated there may be many contributors that cause activation
or inactivation of the HVAC system, which may include by way of example and not
limitation Away (Auto or Manual), weather, manually sctting a temperature setpoint, a
difference in temperature schedules between time periods, a difference in time between
time periods being compared (e.g., different days in months), and Airwave® (shutting an
air conditioning compressor off in advance of reaching setpoint temperature).

Fig. 18 depicts an alternative method 1800 for determining and reporting when a
contributor or agent causes usage/non-usage of the HVAC system, or alternatively stated
when an estimated usage/non-usage of the HVAC system is attributable to a contributor
or an agent. In step 1802 data on metrics used in embodiments of the inventive method
are acquired. This may be done by the processor on the thermostat itself, but more
preferably by thermostat management servers 520 or alternatively any other processing
device communicating with the thermostat, or any combination thereof. Data on the
metrics may include, for example and not by way of limitation, weather (e.g., outside
temp), time in Away state (taway.man heats taway.man.cool OF taway.autoheats taway.auto.cool)> M€ N
heating/cooling/off mode (theats teools tofr)» time a temperature is manually set (tman heats
tman.cool), time the HVAC system 18 actually running, or usage time or run-time (tusage heats
tusage.cool) aid the amount of time Airwave® was active. It will be appreciated that the
subscript “heat” and “cool” refer to when the system is heating or cooling respectively.
In step 1804 a model is built for each contributor. Alternatively this step may also be
considered as characterizing each contributor or agent in preparation for the eligibility
determination step 1806. For a preferred embodiment, the model or characterization
mathematically represents the contributor using one or more metrics preferably as a
function of time. Embodiments of the models or characterizations are more fully
explained below. In step 1806 the eligibility of each of the contributors for causing
activation or inactivation of the HVAC system is determined. Alternatively stated, step
1806 determines whether usage/nonusage (alternatively activation/inactivation) of the
HVAC system may be attributable to a particular contributor or agent. Step 1806

considers the model or characterization from step 1804, if the model or characterization
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does not make sense that a contributor actually or likely caused activation/inactivation of
the HVAC system then that particular contributor is eliminated from consideration as a
causc or potential cause. For cxample, and as further explained below, if the mean
outside tempcraturc over a time period incrcascs and usage of the HVAC system in the
heating mode goes up, then it is likely that weather is not a contributor causing HVAC
activation, but if cooling usage goes up while in cooling mode in this scenario, then
weather may be a contributor and would be considered eligible for causing the change in
energy use over the time period. Step 1808 calculates or quantifies the estimated amount
of HVAC usage/non-usage attributable to each eligible contributor. In an exemplary
embodiment and as further explained below, step 1808 uses an empirically determined
heat slope or cool slope to mathematically quantify the amount of usage or non-usage,
preferably in units of time, of the HVAC system attributable to some eligible
contributors. The embodiments described herein are described in the context of
comparing actual HVAC usage time or run time between one calendar-month and a
second calendar month time period, and estimated HVAC usage/nonusage time for any
particular eligible contributor over the time period, where time is the indicator or measure
of energy usage. The skilled artisan will appreciate that other time periods and other
measures of cnergy and cstimated energy usage may be employed within the scope of the
present disclosure and claimed invention.

It will be appreciated that data for the metrics may not be available on any given
day or time for a variety of reasons. For example and not by way of limitation, the user
may have recently installed thermostat 110, the data was deleted or otherwise corrupted
or for any of a host of reasons known and appreciated by the skilled artisan. The skilled
artisan will appreciate she can interpolate or approximate missing data by using data from
nearby times, and, if necessary mathematically manipulating the data (averaging near by
data for example). Interpolating the nearby data to fill in the missing data is frequently
much better than doing the analysis with missing data; in some cases it’s impossible or at

least extremely difficult to perform the analysis without the missing data.
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Figs. 19A-D depict embodiments of models or characterizations of the Away state
contributor (Figs. 19C-D) and the manual change to a scheduled temperature setpoint
contributor (Figs. 19A-B). Fig. 19A shows scheduled temperature setpoint T, 1902,
where at time t; the user manually reduced the scheduled setpoint to temperature T
(1904), which temperature the thermostat maintains until time t, where the temperature
changes to the next scheduled temperature T3, which may or may not be the same as the
previous scheduled temperature Ty. The cross-hatched area 1903, calculated using
equations 1908, represents the amount of “effort” required to maintain the temperature
setpoint at T over the period t; to t;. Equations 1908 and resulting cross-hatched area
1904 is a model or characterization of the amount of energy saved by virtue of manually
reducing the setpoint below the scheduled temperature. This description is for when the
thermostat is in a heating mode, if in a cooling mode, equations 1908 and the resulting
cross-hatched area 1903 would model or characterize the amount of effort needed to
maintain the new setpoint temperature over t; to t; by virtue of reducing the setpoint
temperature below the scheduled setpoint. It will be appreciated, and further described
below, that a manual change to the setpoint may be viewed as a localized change that
may happen occasionally due to user preference, but would not be tantamount to
manually altering the schedule, which if such manual sctpoint adjustment were frequent it
may defeat the purpose of having the programmable learning thermostat at all. The
skilled artisan will appreciate that area 1903 would have negative sign for an energy
savings (in heat mode), and further that sign convention as to what represents savings
versus usage is a matter of choice. For the embodiments described herein a positive area
will represent savings or nonusage and negative area will represent usage. Thus, a
negative sign appears in equation 1908 to make area 1903 positive (by convention) in the
heating mode representing potential energy savings or HVAC nonusage over t; to t.
Figure 19B is simply the opposite scenario as Fig. 19A, where the user raised the
temperature to T, at 1912 from the initial schedule temperature T, at 1910 and lined
arca 1915 represents energy usage or savings (nonusage) depending whether in heating or

cooling mode. In heating mode, the scenario of Fig. 19B would result in net energy
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usage from the schedule (a negative area by convention), and in cooling mode a net
energy savings from the schedule (a positive area by convention).

Figs. 19C-D shows analogous models or characterizations for the Away state.
Referring to Fig. 19C, Away statc (Auto or Manual) is activated at t; and the thermostat
controls the HVAC system to reduces the scheduled termperature Ty (1916) to the Away-
State-Temperature T» (1918) until time t; when the thermostat controls the HVAC system
to raise the temperature to the new scheduled setpoint or a user manually input a setpoint
temperature T, (1920). Like the previous scenario of Figs. 19A-B, the crosshatched and
lined areas (1923 and 1924 respectively) of Figs. 19C-D, as calculated by equations 1922,
represent a model or characterization of the Away state contributor or agent. It will be
appreciated that virtually never will the Away state result in net energy use, although it is
possible if a user sets the AST to values that do not make much sense from an energy
savings perspective.

Fig. 20 depicts embodiments of models or characterizations of
changes-to-the-schedule contributor and frequent manual-changes-to-the-setpoint
contributor as a potential sources of energy usage or nonusage. User manual changes to
the schedule may take place frequently where the user essentially overrides the schedule,
thercby making the schedule essentially superfluous. For the purpose of this discussion,
differences between schedule 2002 (solid line) and schedule 2004 (dashed line) reflects a
permanent schedule change for the time period, in this case 24 hours, or this could be the
daily schedule for a calendar month. There will be energy usage consequences by virtue
of the changes, if any, in set point temperatures between the schedules. For the purpose
of this discussion solid line 2002 will be considered the schedule for every calendar day
in a calendar day month period, and dashed line 2004 will be considered the schedule for
every calendar day in a subsequent calendar schedule with the same number of days in
the calendar month. This implies that the user has changed the schedule on the
thermostat or on a device in communication with the thermostat for the daily schedule

between months.
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Referring again to Fig. 20, at 5 am the schedule temperature 2006 for both curves
is the same, and therefore there is no difference between the schedules for the effort by
the HVAC needed to achicve and maintain this temperature. At 6 am the schedule
temperature 2007 for schedule 2004 remains the same, while that for schedule 2002
increases to temperature 2008 (schedule temp increase in preparation for family wake up,
for example) until 7am. This results in an increase of effort needed by the HVAC to
maintain the new schedule temperature, represented by the shaded arca 2009. At 7am
schedule temperature 2007 remains the same for schedule 2004, while that for schedule
2002 increases to temperature 2010 until 10am (schedule temp increase as family
prepares in the morning and ultimately leaves the house at 10am, for example). The
temperature increase for schedule 2012 results in an effort needed for that scheduled
temperature as compared to itself for that hour (discussed previously with reference to
Fig. 18), but would still require an HVAC effort, represented by cross-hatched area 2011,
as compared to schedule 2004. At 10am the temperature remains the same for schedule
2004 (at temp. 2007), while that for schedule 2002 decreases to temperature 2012
(temperature is decreased because the family has left the house, for example). This
temperature decrease for schedule 2012 results in less HVAC effort needed to maintain
schedule 2002, but would still requirc HVAC effort, represented by shaded arca 2013, as
comparcd to schedule 2004. At 4pm both the schedules 2002 and 2004 increasc the
temperature to the same temperature 2014, where it remains the same until 11pm at
which time both schedules decrease to temperature 2016. Thus, from 4pm until 6am each
schedule will have the same HVAC effort requirements to maintain the scheduled
temperature. It will be appreciated that the sum of the of the areas 2009, 2011 and 2013
will represent reduced HVAC effort needed by schedule 2004 as compared to theat
needed for schedule 2002, or conversely HVAC effort needed for schedule 2002 over
schedule 2004.

As described above, the area under the temperature schedule represents the
amount of effort required to maintain the temperature schedule over a particular time

period, in this case 24 hours, or within sub-periods within the given 24 hour period as
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depicted by the differently shaded arcas. The areas, in some embodiments, may be
calculated relevant to some arbitrarily chosen reference temperature over the relevant
time, which time period is the same for cach schedule. As further explained below, this
permits comparing the arcas (i.¢., cfforts), and ultimatcly HVAC usage or nonusage over
the time period as the reference temperature will simply subtract out from the
comparison. The shaded areas in Fig. 20 represent such a comparison as well. In Fig. 20
the difference in the areas of schedule 2002 and schedule 2004 with respect to some
arbitrarily chose reference temperature (zero degrees for example) is simply the sum of
areas 2009, 2011, and 2013.

Once the desired contributors are modeled or characterized, a preferred
embodiment for determining the estimated amount of HVAC usage or nonusage
attributable to any particular contributor first determines whether a contributor is eligible
for causing such estimated HVAC usage or nonusage. Whether a contributor is eligible
is not an absolute in many situations, but rather it is determined if any particular
contributor likely, under the given factual circumstances or inferred circumstances,
contributed to HVAC energy usage or non-usage, or likely did not make such
contribution. Figs. 21-26 depict preferred embodiments for determining whether a
contributor or agent is cligible for causing encrgy usage or nonusage is provided.

Fig. 21 illustrates embodiment 2100 for determining if weather (¢.g., changes in
outdoor temperature or humidity, for example) is eligible for causing HVAC usage or
non-usage over a relevant time period, a calendar or two calendar months for example.
In step 2102 outside temperature data is collected, preferably by thermostat management
servers 520 accessing weather data online for the zip code of a paired thermostat 110, for
months 1 and 2. Also in step 2102 HVAC usage time for months 1 and 2 (or other
selected time period) is collected for heating and cooling modes, either by the
thermostat 110, the thermostat management servers 520 or other processor in
communication with the thermostat. The actual usage time represents the amount of time
the HVAC system was actually running during the relevant time periods, and whether it

was heating or cooling (i.¢., in the heat mode or cooling mode). Reference is made back

57



10

15

20

25

CA 02868844 2014-09-26

WO 2013/149210 PCT/US2013/034718

to paragraph 0, where it discusses how the skilled artisan will fill in missing data for an
analysis. At steps 2104A and 2104 B it is determined if the mean outdoor temperature
increased or decrcased from month 1 to month 2, or over the chosen time period. If the
answer is yes to cither steps 2104A or 2104B, then in it is respectively determined in step
2106A (i.c., yes to 2104A) if there was a decrease in actual HVAC usage (heating) or
increase in actual HVAC usage (cooling), or in step 2106B (i.c., yes to 2014B) if there
was an increase in actual HVAC usage or decrease in actual HVAC usage (cooling). If
the answer is yes to either steps 2106A or 2106B, as applicable, then weather will be
considered eligible for causing such usage/nonusage. If the answer is no to either step
2106A or 2106B, as applicable, then weather will be considered ineligible and not
considered as attributing to the HVAC usage/non-usage. If there is no change in mean
temperatures (answer is no to steps 2104A and 2104B), then the weather is also
ineligible. The rationale behind the weather eligibility determination is that if the mean
outdoor temperature increases from month 1 to month 2, and there is a decrease in the
HVAC heating usage or an increase in the HVAC cooling usage, then it makes sense that
weather may be ¢ligible as a cause for this known decrease or increase. Conversely, if
there is a decrease in mean outdoor temperature from month 1 to month 2, and there is an
increase in HVAC heating usage or a decrease in HVAC cooling usage, then it makes
sense that the weather may be eligible as a cause of the known increase or decreasc.

Fig. 22 illustrates an embodiment 2200 for determining if the Away state (¢.g.,
Auto-Away or Manual-Away) is eligible for causing HVAC usage or nonusage (typical
outcome for Away state) over a relevant time period. Step 2202 sums the HVAC efforts
(area 1923 of Fig. 19) needed to maintain a setpoint temperature over a period of time for
an Away state for both the heating and cooling modes. The relevant areas representing
the relevant efforts are calculated using equation 1922 of Fig. 19. The left side of the
equation takes the difference between area representing reduced effort (as discussed with
reference to Fig. 19) for month 2 and that for month 1. It will be appreciated that the area

Mo.2

Ajwayheat TEprEsents the sum of all areas 1922 (Fig. 19) for month 2 and Ag’[v‘v’;,;heat represents

the sum of all areas 1922 (Fig. 19) for month 2, and that the difference between the two
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characterizes the difference in effort needed by the HVAC in month 2 as compared to
month 1 by virtue of the Away state when in heating mode, whether it be Manual Away
or Auto-Away. The analogous arcas arc used to characterize the HVAC cfforts for
month 2 as compared to month 1 when the thermostat is in cooling mode. In step 2202, if
the sum of the difference in areas for the Away state (either Manual or Auto) is greater
than zero, then step 2204 determines if the sum of the difference between the time in heat
mode and cooling mode between month 2 and month 1 is larger than zero. If both steps
2202 (decrease in HVAC effort required) and 2204 (increase of time in away mode) are
true, then the Away State (Auto or Manual) contributor is eligible as a cause for
attributing nonusage of the HVAC system to the total actual usage of the HVAC system
in month 2 as compared to month 1. It will be noted that step 2202 does not even
consider whether the Away State would result in a net energy usage, as this situation
would be an anomaly. As will be discussed later, savings from Manual-Away are
distinguished from savings from Auto-Away, though this distinction is a matter of choice.

Fig. 23 illustrates an embodiment 2300 for determining if the change-in-schedule
contributor is eligible for causing HVAC usage or non-usage for the second time period
as comparcd to the actual usage difterence between the time periods. A,,,.q.0 TCpresents
the area under a schedule-temperature versus time curve, where the first temperature (T1)
in the difference T,-T; is a reference temperature conveniently selected as zero, as

described in reference to Fig. 20 herein. Therefore, the difference in the areas (At , —

Al ) will provide the difference in areas or needed HVAC effort between month 2 and
month 1 for the respective schedules. If this difference is not equal to zero (step 2302)
and there are at Ieast 3 days in each month in either the heating or cooling mode (step
2304), then the change-in-schedule contributor will be eligible as a cause for attributing
usage or non-usage of the HVAC system to the total actual usage or non-usage of the
HVAC system in month 2 as compared to month 1, otherwise the schedule-contributor is
ineligible. The rationale for requiring only 3 days in heating or cooling mode in either

month is indicative that people are actually using the system (e.g., at home not on
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vacation), and there is a difference in the schedules resulting in elgibility of the schedule
as causing usage or non-usage.

Fig. 24 illustrates an embodiment 2400 for determining if the change in off-mode
contributor is eligible for causing HVAC usage or non-usage for the second time period
as compared to the actual HVAC usage difference between the time periods. The
eligibility requirement in this embodiment 2402 simply determines if the difference
between time in off mode from month 2 to month 1 is greater than zero. If step 2402 is
true, it means that more time was spent in the off mode in the second time period, and
thus the off mode would be cligible, and likely for causing non-usage of the HVAC
system. If the difference is equal to or less than zero, then off mode is ineligible.

Fig. 25 illustrates an embodiment 2500 for determining if shutting down the air
conditioning compressor in advance of reaching the setpoint temperature, an embodiment
of which is known to the assignee of the present application as Airwave®, is eligible for
causing non-usage of the HVAC system during a second time period as compared to the
actual usage difference between the first and second time periods. An air-conditioning
unit works on the principal of blowing unconditioned or warm air over cool coils where
heat exchanges between the cool coils and unconditioned air, with heat flowing from the
air to the coils. A compressor compresses gas inside the coils so that heat exchange may
take place. Heat exchange occurs, at least in part, by evaporation of condensation on the
coils. The concept of Airwave® is that the thermostat will shut the compressor off in
advance of the ambient temperature reaching the setpoint temperature, but will continue
to blow unconditioned air over the coils, which still have condensation on them.
Continued evaporation of the remaining condensation will condition the air even after
shutting down the compressor. Airwave® is described with further detail in commonly
assigned U.S. Patent Application Serial Number 13/434,573 filed on March 29, 2012,
Referring to step 2502, if Airwave® is active during the second time period (month 2)
and the thermostat is in cooling mode during the second time period (tcoot >0) then

Airwave® is eligible for causing HVAC non-
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usage for the second time period as compared to the actual HVAC usage difference
between the time periods.

Fig. 26 illustrates an embodiment 2600 for determining if the time period, ¢.g., the
calendar, is cligible for causing usage or non-usage of the HVAC system for the second
time period as compared to the actual usage difference between the time periods.
Eligibility is determined by simply calculating if there is any difference between the time
periods (e.g., January to February), and if so then the calendar is eligible and if not the
calendar is ineligible.

The skilled artisan will appreciate there are other contributors that may result in
more or less usage of the HVAC system to achieve a desired comfort level within an
enclosure. Those provided above are merely exemplary and provided by way of example
not limitation. Following determination of whether a contributor or agent is eligible as
causing usage or non-usage, embodiments in accordance with the present invention
determine or quantitate an estimated amount of HVAC usage or non-usage attributable to
the contributor or agent as compared to the actual HVAC usage during a time period. In
a preferred embodiment, run time and estimated run time are used as surrogates for
energy or estimated energy usage, although other units of measure could be used such as
and without limitation calorics, joules or watts. Further, in this preferred embodiment a
comparison of the cstimated run-time and actual run time is donc over two time periods,
preferably calendar months.

In order to convert models of the contributors to estimated energy usage or non-
usage attributed to the contributors or agents, a preferred embodiment uses empirically
determined factors referred to herein as heat-slope and cool-slope. A description of the
heat-slope will be provided, where the skilled artisan will readily appreciate how to
determine the cool-slope from the description of heat-slope. Heat-slope is, generally
speaking, a measure of how much heat leaks out of an enclosure over time. Referring to
Figs. 27A-B, plot 2702 represents a plot of setpoint indoor temperatures (e.g., a schedule)
for an enclosure having an HVAC controlled by a programmable thermostat 110.

Although plot 2702 is not a plot of ambient indoor temperatures, over the depicted 24
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hour period it is a reasonable approximation of the ambient temperature of the enclosure
(at least in the vicinity of the temperature sensor used by the thermostat). For the purpose
of this discussion it will bc assumed that plot 2702 is a schedule of sctpoint temperatures,
which will remain unchanged from day to day over many months. It will be appreciated
that this assumption is being made for purposes of explanation and not by way of limiting
how heat slope is empirically determined. Plot 2704’ represents the outdoor temperature
over a 24 hour period for the first day of the month (Fig. 27A), which information may be
gained by access to weather information over the internet for the zip code of the
thermostat paired with the thermostat management servers 520, as described above. Plot
2704 (Fig. 27B) represent the outdoor temperature over a 24 hour period for the second
day, where plots for other days are not provided. It is noted that outdoor temperature
profiles are not provided for each day of the month, and that the same profile is provided
with varying high and low temperatures for ease of explanation and preparation.

It will be appreciated that a certain amount of HVAC effort or, alternatively
stated, an amount of HVAC actual run-time or usage time will be required to maintain the
enclosure at the desired or scheduled ambient indoor temperatures (2702), and that the
amount of effort or run-time will depend on the magnitude of the difference between
outdoor temperatures and desired setpoint temperatures. The larger the difference
between the outdoor and scheduled indoor temperatures will require larger efforts or
more HVAC system run-time to achieve the scheduled indoor temperatures, represented
by the area 2706’ and 2706°" for the two different days depicted. It has been empirically
determined that plotting actual HVAC run-time in a 24 hour period needed to achieve the
desired setpoint temperature schedule as a function of the area between the setpoint
schedule and the outdoor temperature profile over time (referenced as area 2706’ and
2706°) results in a data distribution that is adequately approximated by a linear fit of the
data.

Fig. 28 depicts hypothetical data points 2802, each point representing run-time for
a 24 hour period (vertical axis) and the area between indoor and outdoor temperatures

over time or the effort needed to maintain the desired setpoint temperature (horizontal
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axis). This empirical data is fit to a linear curve 2804, which has a slope referred to

herein as the heat-slope. The units of the heat-slope (or cool-slope) are best described as

HVAC Usage Time (time)
Effort or Area (deg.time)’

It should now be appreciated that multiplying an estimated effort

needed or saved with units of (deg.-time) by the heat-slope will result in an estimated
HVAC usage time to satisfy that estimated effort. The heat-slope can generally be
considered as a measure of how ‘leaky’ an enclosure is with respect to heat. Because it is
empirically determined and likely changes over time, it is preferred to obtain new data
points and update the heat-slope determination over time, as will be appreciated by the
skilled artisan. If a thermostat has recently been installed and insufficient data are

available to calculate the heat-slope for the enclosure, an analysis of the average heat-

usage sec. d

slopes of many different enclosures has been calculated as 1800 3 an
eg.C—day

1800% for the cool-slope, which can be used as a default until sufficient data exist

to calculate the heat-slope and cool-slope.

Referring to Figs. 29-35, heat-slope (and cool-slope) is used in combination with
all or part of the models of the eligible contributors to quantify the estimated HVAC
usage or estimated HVAC run time for each eligible contributor (step 1808 of Fig. 1¥),
which is attributable to the actual HVAC usage or decrease in usage (also referred to
herein as non-usage). The model of the contributor results in an approximate effort
needed or conserved to accommodate or accomplish some change to the system (e.g.,
Away Statc activated, user manually adjusts the temperature setpoint, outside temperature
fluctuations ctc.).

Fig. 29 depicts a preferred embodiment to quantify the estimated HVAC usage or
non-usage time as a result of weather, if eligible. In this preferred embodiment estimated
usages from A, B and C are summed together to determine an estimated usage or non-
usage of the HVAC system attributable to weather for a second month of two months. It
will be appreciated that any convenient period of time may be selected for the analysis.
For step 2902 (Fig. 29) the difference of the mean outside temperature between months 1

and 2 is multiplied by the minimum of either the amount of time the thermostat was in
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heating mode for month 1 or month 2. If the thermostat was in heating mode for 500
hours in month 2 and 450 hours in month 1, the temperature difference would be
multiplied by 450 hours, where the product is an cstimated effort needed to account for
the tempceraturc difference between months for those 450 hours. This cstimated cffort is
then multiplied by the heat-slope to get an estimated usage or non-usage time attributable
to the change in the outdoor temperature. An analogous calculation is done for cooling
using the cool-slope, and the results are summed together.

Step 2902 accounts for the impact of weather for 450 hours, which amount of
time is common between both months. There is an additional 50 hours in the heating
mode, in the given example, which may also have impacted the HVAC usage during the
time periods of concern. The method depicted in Fig. 28B and the cooling analog of Fig.
28C is used to address additional non-overlapping time in a particular mode
(heating/cooling), although only Fig. 28B will be discussed as the same analysis will
apply for Fig. 28C.

Step 2904 is a threshold determination, i.e., whether the sum of the time in heat
mode from both months is greater than zero. As long as the thermostat was in heat mode
for either month this condition would be true, and if not true then the weather could not
account for any HVAC usage or nonusage for heating. The same would be the casc for
cooling, and if both arc zcro, then weather will contribute zero cstimated HVAC usage
time, which makes sense, and step 2902 would result in zero as well. In step 2906, the
difference in actual HVAC run- or usage-time in the heating mode from month 2 to
month 1 is determined, and if not equal to zero step 2908 is executed; if it is zero then
weather will account for zero estimated HVAC usage time for heating mode. In step
2908 a difference of time in the heat mode between months 1 and 2 is determined, and if
not zero then step 2910 is executed, and if zero the then there is no overlap time in the
heating mode and the usage or non-usage attributable to the heating mode would be zero
for the non-overlapping time. In step 2910 an additional estimated usage or non-usage
time for the heating mode attributable to weather is determined. The absolute value of

the difference in the actual HVAC usage time in heat mode between the two months is
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calculated. This value is multiplied by the ratio of the difference in time in the heat mode
over the sum of the time in the heat mode for the two months. This has the affect of
accounting for the time beyond the overlap in the heat mode between the two months by
averaging that difference over the total time in heat modce in the two months and
multiplying this ratio by the magnitude of the difference between actual usage in the heat
mode over the two months. If the time in heat mode for month 2 is larger than month 1 it
would indicate that more heat was used in month two and the resulting product should be
negative under the adopted sign convention (positive is savings, negative is usage), thus
the product is multiplied by negative one. The same determination is done for the
cooling mode and the results from A, B, and C are summed together to provide an
estimated usage (negative time) or non-usage (positive time) attributed to the actual usage
or decrease in usage (also referred to herein as non-usage) by the HVAC system between
months 1 and 2.

Figs. 30 and 31 depict equations for quantifying the estimated usage or non-usage
of the HVAC system for month 2 as compared to month. Calculation of the areas, ¢.g,

Aﬁ“&éawwhew for the equation in Figs. 30 and 31 are discussed above with reference to

Fig. 19. It will be appreciated that the area 1923 in Fig. 19 represents an estimated effort
saved as a result of the thermostat going into the Away state, which area has units of
deg.-time and is the same area or estimated effort used in these equations, except that all
the individual arcas as discussed with reterence to Fig. 19 arc summed together over the
applicable time period to proved the arcas shown in Figs. 30-31. The equations of Figs.
30 and 31 determine the difference between the areas for Auto-Away and Manual-Away
for month 1 and month 2, which difference is multiplied by the applicable slope (heat or
cool) resulting in an estimated HVAC usage or non-usage resulting from the change in
the Away states (Auto and Manual) between months 1 and 2.

Fig. 32 depicts an equation for quantifying the estimated usage or non-usage of
the HVAC system as a result of a user changing the schedule of setpoint temperatures.
An analogous equation for quantifying the estimated usage or non-usage of the HVAC

system as a result of a user manually changing the setpoint temperatures is provided in
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Fig. 33. As will be appreciated, and in light of the eligibility discussion above, the
equation of Fig. 33 will be used only when a user manually adjusts the setpoint
temperatures on a frequent basis as though no schedule had been entered. As described
with reference to Fig. 20, the arcas for these cquations arc calculated relevant to a
reference temperature (e.g., 0 degrees). The ratio of the area (an integration of the
schedule temperature over the time period) divided by the time in the mode (heating or
cooling) is a weighted average schedule temperature for the time period. For the
equation of Fig. 33, the area is divided by the time the system is in heating mode under a
manually directed setpoint. The equation of Figs. 32 and 33 take the difference between
the weighted average schedule temperatures (manually set temperatures in Fig. 33) of
months 1 and 2 and multiplies it by the time in heat (or cool) mode (manually controlled
heat mode in Fig. 33) for the time period. The result will estimate the amount of effort
needed or saved as a result of the change in schedule, which is then multiplied by the
applicable slope to arrive at an estimated HVAC usage or non-usage needed to achieve
the estimated effort.

Fig. 34 depicts an equation for quantifying the estimated usage or non-usage of
the HVAC system as a result of the user setting the thermostat to the off mode. The
cquation takes the difference of times in the off-mode between time periods, and divides
the difference by the sum of all the time in the other two modes for both time periods.
This operation effectively normalizes the difference in off mode over the two time
periods. This ratio is then multiplied by the sum of all the time the HVAC is actually
running for both time periods, whether in cooling or heating mode. The affect is
multiplying the normalized time difference in the off mode by the actual usage.

Fig. 35 depicts an equation for quantifying the estimated usage or nonusage of the
HVAC system resulting from a difference in time between the time periods, a difference
in the days between calendar months for this discussion. Similar to the equation of Fig.
34, the equation of Fig. 35 takes the difference of days between the months, and divides
the difference by the sum of all the time in both time periods. This operation normalizes

the difference in days over the two months. This normalized time difference is then
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multiplied by the sum of all the time the HVAC is actually running for both time periods,
whether in cooling or heating mode, resulting in an estimated usage or non-usage of the
HVAC system as a result in a change in days between the two months.

Quantifying the cstimated non-usage resulting from Airwave® will be the time
Airwave® is actually in use for any given month. This time, as will be appreciated, is not
really an estimate as the time the HVAC system did not run as a result of Airwave® is
directly attributable to the amount of time that Airwave® was active for any given time
period. It will be appreciated that processes other than Airwave® may be used to achieve
this purpose and the amount of estimated time attributable to use of these other processes
will be known to the skilled artisan.

In a preferred embodiment, a so-called ‘sanity’ check will be performed on the
quantified estimated HVAC usage and non-usage values to ensure the magnitude and
sign (saving or using energy) of the numbers make sense when considering various
factual circumstances. Fig. 36 depicts a process 3600 for scaling the estimated HVAC
usage/nonusage estimates. If condition 3602 is true, all the estimated HVAC
usage/nonusage values are scaled by the ratio of the actual HVAC usage difference
(equation 3603) divided by the sum of all the eligible estimated HVAC usage and
nonusage valucs. This scaling has the effect that the sum of all the scaled estimated
usages and nonusages will equal the actual HVAC usage/nonusage difference, thereby
avoiding reporting estimated HVAC usage/nonusage that exceeds the actual HVAC
usage/nonusage. It is noted that not all estimated HVAC usage and nonusage values are
scalable. For example estimated HVAC usage/nonusage attributable to weather is not
scalable, and likewise those for Airwave® and calendar. If condition 3604 is false
process 3600 sets the scaling factor to 1. If condition 3604 is false, it means that the sign
of the sum of all the non-scaled estimated HVAC usage and nonusage values is different
than the sign of the difference in actual usage (equation 3603). This situation would
mean that one of the numbers indicates an energy savings in total, while the other
indicates energy usage, not a tenable scenario from a macro perspective. In this latter

situation the estimated HVAC usage and nonusage numbers are considered using other
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processes to determine if they individually make sense, and for those that do not that they
are ignored and not reported, or alternatively aborting the process altogether because the
numbers simply do not make sense.

Following the initial scaling of the cstimated HVAC usage/nonusage valucs,
additional scaling is performed using process 3650 of Fig. 36 in order to avoid reporting
excessively large numbers for the estimated HVAC usage/nonusage values. In step 3651
Max_Usage is defined as the smallest value (negative values included) of all the scaled
estimated HVAC usage/nonusage values, which will likely be a negative number because
of the adopted sign convention. Max NonUsage, also defined in step 3651, is the
maximum value of all the scaled estimated HVAC usage/nonusage values, which will
likely be a positive value because of the adopted sign convention. In step 3652, if the
difference in actual usage (Ayg, from equation 3603) between the two months is greater
than zero (a net energy usage in month 2 as compared to month 1) and the Max_Usage
(lowest negative value is the largest estimated HVAC usage value) is less than -1.9 x
Apges then the second scaling factor is -1.9 times the ratio of Ay, divided by the
Max_Usage value. This ensures that the reported re-scaled estimated HVAC usage
numbers, when there 1s an increase in actual usage (Av.. >0), stay within a reasonable
valuc when the direction of the actual usage difference (positive for energy usc) and the
largest estimated usage/nonusage value are going in the same direction (encrgy usage in
this case). The same analysis applies to the scaling of process 3650 at step 3654, when
Avsage <0 (reflecting an actual net savings of energy or less usage in the second month)
and the Max_NonUsage value is greater than -1.9 times Ay, (product is positive). When
actual energy usage or nonusage (savings) and estimated HVAC usage values trend in the
same direction (usage or nonusage, as the case may be), steps 3652 and 3654 ensure that
the largest (in magnitude) reported estimated HVAC usage or nonusage (step 3652 and
step 3654 respectively) is no more than 1.9 times the increase or decrease (step 3652 and
step 3654 respectively) in actual usage (Ay.,.) for the reporting period (month 2).

Steps 3656 and 3658 attempt to address the situation when the actual energy

usage or nonusage and the estimated HVAC usage/nonusage values trend in opposite
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directions. In step 3656 (if the condition is true), the actual usage difference Ay, is less
than zero (decreased usage) and the Max_Usage is less than Ay.,. (largest estimated
HVAC usc is larger in magnitude than the actual decreased usage) indicating the largest
cstimated HVAC usage trends opposite of the actual change in HVAC usage. The scale
used if the condition of step 3656 is true, 18 the Ay divided by the largest estimated
usage, ensuring that that scaling of the already scaled estimated HVAC usage/nonusage
numbers does not exceed the actual change in usage in magnitude. Step 3658 is an
analogous situation where Ay, is greater than zero (increased actual HVAC usage) and
the Max_NonUsage is smaller than Ay, such that the magnitude of maximum estimated
HVAC nonusage exceeds the magnitude of the actual change in usage, but indicating that
estimated HVAC usage/nonusage and the actual change in usage trend in opposite
directions, as was the situation above. In this case the scale is set as Ay, divided by the
Max_NonUsage usage/nonusage values, ensuring that scaling of the already scaled
estimated HVAC usage/nonusage values does not exceed the actual change in usage in
magnitude. Generally, the scaling process ensures the reported and scaled estimated
HVAC usage/nonusage values stay within 1 to 2 times the actual HVAC usage for month
2. It 1is in this manner that reporting of absurdly large numbers 1s avoided. As discussed
above, process 3650 rescales the already scaled estimated HVAC usage/nonusage valucs
in order to avoid reporting values that make no sense with respect to the actual data, in
particular the actual change in HVAC usage from month 1 to month 2.

Quantifying the estimated HVAC usage/nonusage attributable to a difference in
days between month 1 and month 2 was discussed in reference to Fig. 35 above. This
calendar attributable usage/nonusage is not amenable to scaling in the manner just
describe. Referring to Fig. 37 a preferred process 3700 is provided to ensure the
estimated usage/nonusage attributable to a difference in the days in month 1 and month 2
does not result in nonsensical numbers, and is capped at a maximum number to avoid
such a situation. For example, if the two months differ by one day, then the estimated
HVAC usage/nonusage attributable to the calendar difference may not be more than 24

hours. “Number of devices” refers to the number of programmable thermostats in the
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enclosure, and cal usage/nonusage is the value of the estimated usage/nonusage
attributable to the difference in the days of in the month 1 and month 2.

Despite the efforts to avoid reporting numbers that don’t make sense described
above there may be residual estimated HVAC usage/nonusage amounts. That is the sum
of the scaled HVAC usage/nonusage amounts likely do not equal Ay..... In some cases
the two numbers may be way off, and in many, maybe most the numbers are reasonably
close but the difference cannot or should not be ignored as a user reviewing the report
would likely notice the discrepancies. One embodiment for addressing the residuals issue
is to determine if the residuals are small enough to lump into the estimated HVAC
usage/nonusage attributable to the weather. For example and not by way of limitation, if
(presuming weather is eligible) the absolute value of the residual (=Ay.,. — sum of scaled
estimated HVAC usage/nonusage values) is larger than the absolute value of 0.2* Ay,
then the adjusted estimated HVAC usage/nonusage attributable to the weather will be
Avsge — SUm of all estimated HVAC usage/nonusage values except that attributable to
weather. If the residual is larger than abs(0.2*A.,,.) this would be an invariant and would
need to be investigated, and no report will be generated.

Referring back to Fig. 18, after scaling the quantified estimated HVAC
usage/nonusage values at step 1810 and as just described above with reference to
Figs. 36-37, the cstimated HVAC usage/nonusage valucs attributable to the cligible
contributors or agents are ranked in order of their magnitude from largest to smallest.
Values less than 5% of Ay, are discarded as being insignificant. A report is generated at
step 1814, which report may include the difference between month 1 and month 2 the
HVAC actually ran (A,,,.), which can be determined using data collected by the
thermostat and communicated and/or transmitted to thermostat management server 520
paired with the thermostat. Additionally the report may include hints on how to reduce
HVAC usage and therefore conserve energy, actual HVAC run time for the two time
periods. The reports may be displayed on any computing device (¢.g., computer, tablet,

mobile phone etc.) with access to the web and/or in communication with the thermostat
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and the thermostat management servers 520. The reports may also be emailed as pdf or
other image formats known to the skilled artisan.

Fig. 38 provide an example of an emailed Energy Report 3800 from Nest Labs
Inc. of Palo Alto California sent to users/owners of the Nest® programmable thermostat.
In this example a company logo 3802 is provided, a report date, the owner of the Nest®
and location of the Nest®, all referenced by 3804. 3805 references a total amount of
used hours more this month than last (i.e., Avs.), @ bar 3806 representing actual HVAC
run-time in November and a bar 3808 representing actual HVAC run-time in December.
The next section 3810 provides icons depicting a reason (weather 3812, Manual-Away
3814, and Auto-Away 3816. Below each icon is the estimated number of hours the
HVAC used or ran as a result of the contributor or agent (weather, Manual-Away, and
Auto-Away) in ranked order. The next section 3818 provides a tip to save energy, and
below that the number of Leafs the user earned during the month.

As will be appreciated the embodiments described herein for generating a report
from metrics and data used to characterize contributors or agents causing HVAC usage
may use a single time period as opposed to the multiple time periods used to facilitate the
description. An example of a single time period embodiment may use contributors,
models, eligibility, estimated usage/non-usage for the eligible contributors or agents,
determine the estimated HVAC energy (time or actual energy metrics) attributable to
each of the contributors and compare this against the actual usage for the single time
period, which estimates and actual usage can be reported as time units (a good metric for
energy for the HVAC system) or any other appropriate units known to the skilled artisan

(e.g., joules, calories, watts etc.).
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Various modifications may be made without departing from the spirit and scope
of the invention. Accordingly, the invention is not limited to the above-described
embodiments, but instcad is defined by the appended claims in light of their full scope of

cquivalents.
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CLAIMS

What is claimed is:

1. A method for generating an energy usage report for an HVAC system controlled by a programmable
thermostat, the method comprising:

gathering data on plurality of metrics related to energy consumption by said HVAC system during a
time period;

modeling a plurality of candidate contributors using data on said plurality of metrics for said time
period to form a plurality of candidate models, wherein said plurality of candidate contributors are
potentially qualified for causing usage or non-usage of said HVAC system during said time period;

determining qualified candidate contributors from each of said plurality of candidate models,
wherein said qualified candidate contributors are attributed to cause usage or non-usage of said HVAC
system during said time period;

quantifying an estimated HVAC usage or non-usage during said time period for at least one of said
qualified candidate contributors from at least one of said plurality of candidate models; and

reporting at least said estimated HVAC usage or non-usage for said at least one qualified candidate

contributor on said energy usage report.

2. The method according to Claim 1, wherein said estimated HVAC usage or non-usage is measured in

units of time.

3. The method according to Claim 1, wherein said estimated HVAC usage or non-usage is measured in

units of energy.

4. The method according to Claim 2, wherein said time period comprises a first time period and a second
time period subsequent to said first time period, said method further comprising:

computing a first run time of said HVAC system for said first time period and a second run time of
said HVAC system for said second time period;

computing a run-time difference by subtracting said second run time from said first run time;

gathering a first data set on said plurality of metrics related to energy consumption by said HVAC
system for said first time period;

gathering a second data set on said plurality of metrics related to energy consumption by said

HVAC system for said second time period;
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modeling said plurality of candidate contributors from said first data set to form a first plurality of
candidate models and from said second data set to form a second plurality of candidate models for said
second time period;

determining qualified candidate contributors from each of said plurality of candidate contributors,
wherein said qualified candidate contributors likely cause usage or non-usage of said HVAC system in
said second time period as compared to said first time period;

quantifying a first estimated HVAC usage or non-usage for said first time period, using said first
plurality of candidate models, for at least one of said qualified candidate contributors, and a second
estimated HVAC usage or non-usage for said second time period, using said second plurality of candidate
models, for said at least one of said qualified candidate contributors;

computing at least one estimated usage or non-usage difference by subtracting said first estimated
HVAC usage or non-usage for said at least one of said qualified candidate contributors from said second
estimated HVAC usage or non-usage for said at least one of said qualified candidate contributors; and

reporting at least (i) said run-time difference and (ii) said at least one estimated usage difference for

said at least one qualified candidate contributor on said energy usage report.

5. The method according to Claim 4, wherein said quantifying step further comprises using a heat slope
or cool slope to quantify said first estimated HVAC usage or non-usage and said second estimated HVAC

usage or non-usage.

6. The method according to Claim 4, further comprising:

ranking said at least one qualified candidate contributor in order of magnitude of said estimated
usage difference for said at least one qualified candidate contributor;

wherein said reporting step further comprises reporting said estimated usage or non-usage for said at
least one qualified candidate contributor in order of magnitude with a description for an attributed

rationale for said estimated usage or non-usage for said at least one eligible contributor.
7. The method according to Claim 6, wherein said reporting step further comprises reporting an icon with
said estimated usage or non-usage for said at least one qualified candidate contributor, wherein said icon

1s indicative of said attributed rationale.

8. The method according to Claim 6, further comprising reporting at least one tip on how to adjust said

programmable thermostat to result in future energy savings.
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9. The method according to Claim 4, wherein said plurality of candidate contributors are selected from
the group consisting of weather, away settings, schedule temperature settings, manual temperature

settings, and difference between said first time period and said second time period.

10. The method according to Claim 4 wherein said first time period is a calendar month and said second

time period is a subsequent calendar month.

11. A method of analyzing performance information for an HVAC system controlled by a self-
programming network-connected thermostat comprising:
using the thermostat, gathering information relating to HVAC system usage;
calculating one or more HVAC usage parameters for a time interval as being above or
below an average;
cvaluating a plurality of potential causative agents for potential causation for the calculated
usage parameter being above or below the average; and

based on the evaluation, selecting a primary causative agent.

12. A method according to claim 11 wherein the plurality of potential causative agents includes

user changes to thermostat setpoints.

13. A method according to claim 11 wherein the time interval is twenty-four hours.

14. A method according to claim 11 wherein the one or more usage parameters includes a

parameter relating to energy consumption.

15. A method according to claim 11 wherein the one or more usage parameters includes

duration of HVAC system activity.

16. A method according to claim 11 wherein the one or more usage parameters includes an

amount of time multiplied by a temperature differential.
17. A method according to claim 11 further comprising gathering weather information

including outdoor temperature for a location in the vicinity of the HVAC system, wherein at least one of

the potential causative agents is weather.
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18. A method according to claim 11 wherein the location of the outdoor temperature

information and the HVAC system are located in the same postal code.

19. A method according to claim 11 wherein at least one of the causative agents is an energy

saving feature of the thermostat.

20. A method according to claim 19 wherein the energy saving feature includes automatic

detection of non-occupancy.

21. A method according to claim 11 further comprising graphically displaying to a user a

symbol indicating the selected primary causative agent.

22. A system for analyzing performance information for an HVAC system controlled by a self-

programming network-connected thermostat using a method according to claim 11.

23. A method for characterizing the operation of an HVAC system controlled by an HVAC
controller, the method comprising:

receiving first historical data representative of actual HVAC usage by said HVAC system
for each of a first historical time interval and a second historical time interval,;

processing said first historical data to determine an HVAC usage difference between said
first historical time interval and said second historical time interval;

receiving second historical data representative of one or more parameters characterizing
cach of a preselected plurality of causative agents over each of said first and second historical time
intervals, each said causative agent being known to at least partially influence HVAC usage by said
HVAC system;

processing said first and second historical data to generate, for each said causative agent, a
model that characterizes a relationship between said one or more causative agent parameters and an
associated HVAC usage estimate of said HVAC system;

processing said second historical data in conjunction with said plurality of causative agent
models to compute a relative contribution of each of said causative agents toward said HVAC usage
difference between said first and second historical time intervals;

generating an energy usage report that includes at least (i) said HVAC usage difference
between said first and second historical time intervals, and (i) an attribution of a primary causative agent

from said plurality of causative agents as a primary reason for said HVAC usage difference, wherein said
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primary causative agent has the highest relative contribution from said plurality of causative agents
toward said HVAC usage difference; and

displaying said energy usage report on an electronic display.

24, The method according to Claim 23, wherein said plurality of causative agents is selected
from the group consisting of weather, away state, temperature schedule, manual temperature settings,

and time differences between said first historical time interval and said second historical time interval.

25. The method according to Claim 23, wherein said processing said second historical data
step further comprises:

processing said second historical data in conjunction with said plurality of causative
models, a heat slope and a cool slope to compute said associated HVAC usage estimate for each of said
plurality of causative agents toward said HVAC usage difference between said first and second historical

time intervals.

26. The method according to Claim 23, wherein said first historical time period and said second

historical time period are calendar months.

27. The method according to Claim 23, wherein said energy usage report further includes said

associated HVAC usage estimate for at least said primary causative agent.

28. The method according to Claim 27, wherein said energy usage report further includes at

least one icon indicative of said primary causative agent.

29. The method according to Claim 27, wherein said energy usage report further includes at

least one tip on how to adjust said HVAC controller to result in future encrgy savings.

30. A method for generating an energy usage report for an HVAC system controlled by a
programmable thermostat, the method comprising:

gathering data on plurality of metrics related to energy consumption by said HVAC system
during a time period;

modeling a plurality of candidate contributors using data on said plurality of metrics for

said time period to form a plurality of candidate models, wherein at least one of said plurality of candidate
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contributors is potentially qualified for causing usage or non-usage of said HVAC system during said
time period;

determining qualified candidate contributors from each of said plurality of candidate
models, wherein said qualified candidate contributors are attributed to cause usage or non-usage of said
HVAC system during said time period;

quantifying an estimated HVAC usage or non-usage during said time period for at least
one of said qualified candidate contributors from at least one of said plurality of candidate models; and

reporting at least said estimated HVAC usage or non-usage for said at least one qualified

candidate contributor on said energy usage report.

31. The method according to Claim 30, wherein said estimated HVAC usage or non-usage is

measured 1n units of time.

32. The method according to Claim 30, wherein said estimated HVAC usage or non-usage is

measured in units of energy.

33. The method according to Claim 31, wherein said time period comprises a first time period
and a second time period subsequent to said first time period, said method further comprising:

computing a first run time of said HVAC system for said first time period and a second run
time of said HVAC system for said second time period,;

computing a run-time difference by subtracting said second run time from said first run
time;

gathering a first data set on said plurality of metrics related to energy consumption by said
HVAC system for said first time period;

gathering a second data set on said plurality of metrics related to energy consumption by
said HVAC system for said second time period;

modeling said plurality of candidate contributors from said first data set to form a first
plurality of candidate models and from said second data set to form a second plurality of candidate models
for said second time period;

determining qualified candidate contributors from each of said plurality of candidate
contributors, wherein said qualified candidate contributors likely cause usage or non-usage of said
HVAC system in said second time period as compared to said first time period;

quantifying a first estimated HVAC usage or non-usage for said first time period, using

said first plurality of candidate models, for at least one of said qualified candidate contributors, and a
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second estimated HVAC usage or non-usage for said second time period, using said second plurality of
candidate models, for said at least one of said qualified candidate contributors;

computing at least one estimated usage or non-usage difference by subtracting said first
estimated HVAC usage or non-usage for said at least one of said qualified candidate contributors from
said second estimated HVAC usage or non-usage for said at least one of said qualified candidate
contributors; and

reporting at least (i) said run-time difference and (i1) said at least one estimated usage

difference for said at least one qualified candidate contributor on said energy usage report.

34. The method according to Claim 33, wherein said quantifying step further comprises using
a heat slope or cool slope to quantify said first estimated HVAC usage or non-usage and said second

estimated HVAC usage or non-usage.

35. The method according to Claim 33 further comprising:

ranking said at least one qualified candidate contributor in order of magnitude of said
estimated usage difference for said at least one qualified candidate contributor;

wherein said reporting step further comprises reporting said estimated usage or non-usage
for said at least one qualified candidate contributor in order of magnitude with a description for an

attributed rationale for said estimated usage or non- usage for said at least one qualified contributor.
36. The method according to Claim 35, wherein said reporting step further comprises reporting
an icon with said estimated usage or non-usage for said at least one qualified candidate contributor,

wherein said icon is indicative of said attributed rationale.

37. The method according to Claim 35 further comprising reporting at least one tip on how to

adjust said programmable thermostat to result in future energy savings.
38. The method according to Claim 33, wherein said plurality of candidate contributors are
selected from the group consisting of weather, away settings, schedule temperature settings, manual

temperature settings, and difference between said first time period and said second time period.

39. The method according to Claim 33 wherein said first time period is a calendar month and

said second time period is a subsequent calendar month.
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40. A method, comprising:
controlling an HVAC system for heating or cooling an environment during a period of
a plurality of days;
obtaining usage information related to HVAC system usage that occurred during the
period; processing the usage information, the processing including:
determining a reference daily amount of HVAC system usage during the period;
identifying a day within the period when HVAC system usage deviates by at
least a predetermined amount from the reference daily amount;
calculating a credit or blame value for each of a plurality of causative agents,
cach of the plurality of causative agents being a potential cause for why HVAC system
usage deviated by the predetermined amount on the identified day, each credit or blame
value representing a net amount of HVAC system usage attributable to one of the
plurality of causative agents; and
selecting from the plurality of causative agents a primary causative agent based
at least in part on a comparison of the net amount of HVAC system usage attributable
to each of the plurality of causative agents; and
graphically representing the processed usage information, the representing including:
displaying, via a display device, a plurality of selectable graphical elements,
cach of the plurality of selectable graphical elements being displayed in association
with one of the plurality of days of the period, each of the plurality of selectable
graphical elements being sized to indicate HVAC system usage for a corresponding
one of the plurality of days of the period, wherein one of the plurality of selectable
graphical elements (i) corresponds to the identified day and (ii) is sized to indicate
HVAC system usage for the identified day; and
displaying, in association with the identified day, a symbol that represents the

primary causative agent.

41. A method according to claim 40 wherein the usage information related to HVAC
system usage during the period is at least partially obtained from a network-connected thermostat

that controls the HVAC system.

42. A method according to claim 40 further comprising:
responsive to a user selection of one of the plurality of selectable graphical elements,

replacing the selected one of the plurality of selectable graphical elements with a graphical
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representation of energy usage during the corresponding one of the plurality of days, wherein the

graphical representation includes a timeline that indicates when the HVAC system was active.

43. A method according to claim 42 wherein the display device is part of a mobile

computing device.

44, A method according to claim 42 wherein the display device is a touch sensitive display,
and the user selection of one of the plurality of selectable graphical elements is made by touching a
location of the display device corresponding to the one of the plurality of selectable graphical

elements.

45. A method according to claim 42 wherein the display device is part of a personal
computer, and the user selection of one of the plurality of sclectable graphical elements is made by
using a pointing device to click on a location corresponding to the one of the plurality of selectable

graphical elements.

46. A method according to claim 42 wherein the graphical representation is superimposed

over the corresponding one of the plurality of selectable graphical elements.

47. A method according to claim 40 wherein each of the plurality of selectable graphical
clements indicates an amount of time the HVAC system was active during one of the plurality of

days of the period.

48. A method according to claim 42 wherein the graphical representation includes one or

more symbols indicating when an adjustment was made to the setpoint temperature of the thermostat.

49. A method according to claim 48 wherein the graphical representation usage includes a
symbol indicating whether the adjustment to the setpoint temperature of the thermostat was due to

non-occupancy.

50. A method according to claim 44 further comprising in response to a user selection of
the graphical representation, toggling back to the corresponding one of the plurality of selectable
graphical elements that is sized to indicate the energy-usage amount during the corresponding one

of the plurality of days.
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51. A method according to claim 40 wherein the graphically representing the processed
usage information related to HVAC system usage during the period further includes displaying in
association with one of the plurality of days an energy-savings symbol indicating energy saving

performance was achieved during the one of the plurality of days.

52. A method according to claim 40 wherein the primary causative agent is weather, a user,

or auto away.

53. A method according to claim 40 further comprising periodically sending an email to a

user indicating a summary of performance information for a time interval.

54. A system for analyzing performance information for an HVAC system controlled by a

self-programming network-connected thermostat using a method according to claim 40.

55. A method of analyzing performance information for an HVAC system controlled by a
self-programming network-connected thermostat comprising:

using the thermostat, controlling the HVAC system for heating or cooling an
environment;

using the thermostat, gathering information relating to HVAC system usage;

calculating one or more HVAC usage parameters for a time interval as being above or
below a reference value;

evaluating a plurality of potential causative agents for potential causation for the
calculated usage parameter being above or below the reference value; based on the evaluation,
selecting a primary causative agent;

on a display device in a location remote from the thermostat, graphically displaying
performance information based on the gathered information relating to the HVAC system usage, the
displayed performance information including a graphical representation of energy usage, wherein
the graphical representation of energy usage includes a symbol that indicates the selected primary
causative agent that was responsible for causing the one or more HVAC usage parameters for the

time interval to be above or below the reference value.

56. A method according to claim 55 wherein the plurality of potential causative agents

includes user changes to thermostat setpoints, wherein the graphical representation of energy usage
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indicates when a user change to thermostat setpoints occurred and a corresponding setpoint

temperature after the user change.

57. A method according to claim 55 wherein the time interval is twenty-four hours.

58. A method according to claim 55 wherein the one or more usage parameters includes a

parameter relating to energy consumption.

59. A method according to claim 55 wherein the one or more usage parameters includes

duration of HVAC system activity.

60. A method according to claim 55 wherein the one or more usage parameters includes an

amount of time multiplied by a temperature differential.
61. A method according to claim 55 further comprising gathering weather information
including outdoor temperature for a location in the vicinity of the HVAC system, wherein at least

one of the potential causative agents is weather.

62. A method according to claim 55 wherein the location of the outdoor temperature

information and the HVAC system are located in the same postal code.

63. A method according to claim 55 wherein at least one of the causative agents is an

energy saving feature of the thermostat.

64. A method according to claim 63 wherein the energy saving feature includes automatic

detection of non-occupancy.

65. A method according to claim 55 further comprising the symbol indicating the selected

primary causative agent is a weather symbol.

66. A system for analyzing performance information for an HVAC system controlled by a

self-programming network-connected thermostat using a method according to claim 55.
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AutoAway Estimated | Mo. 2 Mo. 1

Mo. 2 Mo. i
Usage/N OnUSage - (Aauma\va) vheat Aautoawayheal) ( Slopehcat) +(Adutoawaycoﬁ— auloawaycoo]) >:Q(Slopecool)
ManAway Estimated
Mo. 2 Mo. 1 0.2 Mo. 1
Usage/NonUsage — (Amana\x vayheat Amanawayhcat)*(slopehcat) +(Amanawaycool Amana“aycool)*(810pecool)

FIG. 31

Schedule Change Estimated

Usage/NonUsage
il
AMO 2 Ax\‘l(). 1 A\l() 2 AMO. I
Clc(re?d heat-0 __ \s;(:xeldleal-u % t;\}:)[ % (Slopehem) -+ ( ,\b/]c(:le'? cool-0 r\zc(li.eld.cool—o ) 5 tw(‘;] 2 *(Slopecoul

thefn thm\ cool tcool

Manual Change Estimated )

Usage/Nonlsage

il

Mo, 2 Mo. 1 Mo. 2 Mo. |
A A Mo. 2 A A . . gMo2

An‘l(;m’hcal 0 P\nll(:mlhcdt 0 % thc;l 2 (S Opeheal) -+ \II‘I;II]"LOOI 0 ya]:,"imd 0 % cogl * (Slopewol
thea,man tlu at. man cool.mnn tcool man

Off Mode

NMo. 2 \10 !
Estin]ated Usage/ — (loﬂ' - off ) (tllcx usage mo 7+ tl\nlunLc mo. 1 + tcool usage.mo. 2 + tgool usage mo I)
NonUsage

Mo. 2 Mo. 1 Mo. 1 Mo. 2
tuool + u)ol + tie + t

FIG. 34

. Calendar J— (DMO 7 - D.\‘lo ]) * (thcm USALE. MO, 3+ thcnl usage.mo | + tccn\ usage.me. 2 + tcool asage.mo. | )
Estimated Usage/ | — '
NonUsage D..: T D..,

FIG. 35

Date regu/Date Received 2020-04-20




46/48

3600
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e T
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(\>signAUsage o Seale > Estimated Usage/NonUsage /
3602 No
Scale = 1
3651
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7 /\m o <O e
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Calendar Blame =
max(min(cal usag/nonusage, number of devices*24*(DY2-DM1), 0)

 Calendar_Blame =
max(min(cal usage/nonusage, 0), number of devices*24*(DMe2-DMe-hy)

FIG. 37
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Log in to your Nest Account

3800 3802
3804 neSt
December Energy Report Welcome to your Nest Energy Report.
kate@nest.com it tells you how much energy you've
San Francisco, CA 12345 used to heaat or cool your home and
Nov. 1, 2012 - Dec. 31, 2012 has tips to help you save more.
Here’s How You Did: -
3805 This month you used 43 hours more than last month. +43hrs
November
3806 [T 29hrs
December
3808 [T T T 72hrs

Why did your energy use change?

We looked at a lot of reasons your energy use can change—from weather to
Auto-Away—and there are the ones that made the biggest difference this
381 month.

— /_ 3814 /_3816

e

+27hrs +13 hrs +4 hrs
Cooler weather meant You set Nest to Auto_Away didn’t
more energy use Away less often this turn on as often this
.............................................................................. MO ot
A tip for you:
3818 Try a cooler temerpature at night.

Lowering the temperature at night by 2 degrees could save you up to 4% on your
heating bills this winter. So turn down the temp tonight or tweak your schedule to
save all winter long. Worried it'll be cold when you wake up? Try Early-On.

A'look at your Leafs:

You get a Leaf when you choose an energy efficient temperature. This month,
the Nest average is 16 Leafs. Here’'s how many you earned in December:
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