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least tWo settings for the delay occurring between turning the
ventilation system off and then turning the system back on.
One setting being for a ?rst interval and at least a second
setting for a second interval that is longer than the ?rst inter
val. A processor is in communication With the thermostatic
controller and is con?gured to evaluate one or more param
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11, 2009.

eters including at least the temperature outside the structure
conditioned by the ventilation system. The processor is fur
ther con?gured to determine Whether to adopt the ?rst interval
or the second interval based upon the values of the param
eters.
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SYSTEM, METHOD AND APPARATUS FOR
DYNAMICALLY VARIABLE COMPRESSOR
DELAY IN THERMOSTAT TO REDUCE
ENERGY CONSUMPTION
CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Provisional
Application Number 61/215,816, ?led May 11, 2009, the
entirety of Which is incorporated herein by reference and is to
be considered part of this speci?cation.
BACKGROUND OF THE INVENTION

Field of the Invention

[0002] Central heating of buildings dates to ancient Roman
times. Control of their systems consisted of adding fuel to the
?re or extinguishing it. The use of forced air systems for

central heating began roughly at the beginning of the 20th
century. Once easily controllable energy sources such as heat

as sensed by the thermostat reaches 69 degrees F. Thus the
inside temperature is alloWed to oscillate Within a range of

tWo degrees F.
[0006] When residential refrigerant-based air conditioners
became Widely available in the 1950s, the same kinds of
thermostats Were used to control them as Well. The need for a

means to preventing rapid cycling is even more important for
refrigerant-based systems is even more critical because there
is a risk of signi?cant physical damage to a compressor if it is
turned on too soon after being turned offiif the refrigerant
inside the compressor is still in liquid (and thus uncompress

able) form When the compressor restarts, expensive mechani
cal failures are possible.
[0007] Electronic thermostats have been available for more
than 20 years. Many of these are also programmable. In
general, these thermostats no longer use mechanical systems
to sense temperature, relying instead on electrical devices
such as thermistors or thermal diodes. SWitching of the

HVAC system is accomplished With solenoids or relays trig

gered by logic circuits in microprocessors. With such sys
tems, adjustability of the hysteresis band is relatively simple,
at least in theory. HoWever, most systems do not alloW direct
access to this parameter. And the hysteresis band only pro

ing oil, natural gas and electrical resistance Were employed to
heat the circulated oil, means for more accurately controlling
the cycling of the heat source became both possible and

tects the system against rapid automatic cycling. The hyster

necessary.
[0003] The ?rst mechanical means for regulating room

esis band Will not prevent a user from rapidly changing set
tings, Which can cause the damage discussed above.

temperature by sensing temperature and automatically

[0008] The Way most electronic systems approach this
problem is to enforce, via the electronic circuitry, a compres
sor delayithat is, Whenever the compressor is sWitched off,
the thermostat prevents it from restarting for a set interval,

adjusting date from the late 19th century. These devices
evolved into the simple bi-metallic devices that became popu
lar in the 1950s, such as the iconic round HoneyWell thermo
stats that are still available today.

[0004]

These thermostats sense temperature changes by

using a coiled spring that is composed of a sandWich of tWo
different metals With different thermal coef?cients of expan
sion, Which thereby causes the coil to move With temperature

changes. The center of the coil is generally ?xed; the free end
of the spring moves one Way When it gets Warmer and the

other When it gets colder. The movement of the free end of the
spring is used to open and close the circuit that turns on and
off the HVAC system. In early versions of this type of ther
mostat, the electrical sWitch Was often in the form of liquid
mercury in a glass tube: When the electrically conductive
mercury ?oWed to one end of the tube, it touched a Wire and

completed the circuit; When the spring tilted the tube, it

usual in the range of tWo to ?ve minutes or so. (Some air

conditioners may have an additional fail-safe delay in series
With any circuitry in the thermostat as Well.)

[0009] Many programmable thermostats include mechani
cal sWitches to alloW the installer or user to adjust the com

pressor delay for the system. But because it is generally
expected that the installer of the system Will set this parameter
once based upon the requirements of the speci?c air condi
tioner being controlled, these mechanical sWitches are gen
erally not accessible to the user from outside the unit. Chang

ing the compressor delay generally requires disassembling
the thermostat.
[0010] Academic research has shoWn that it is not just

?oWed the other Way so that the mercury no longer contacted

physical systems that have hysteresis effects. Perceived com
fort at various temperatures is not independent of tempera

the Wire, thus breaking the circuit.

tures at earlier points in time. Humans have been shoWn to be

[0005]

One salutary effect of the use of such sWitches Was

relatively insensitive to sloW, gradual changes in temperature,

that the Weight of the mercury in the tube added physical
inertia to the temperature sensing mechanism, as it has been
shoWn that rapid cycling of HVAC systems is both annoying

at least Within narroW ranges of a feW degrees F. Conversely,
people do notice rapid changes Within the same narroW range.
It has been shoWn that an appropriately shaped pattern of

to occupants and more stressful to the mechanical systems
than less frequent cycling is. Thus as environmental concerns
about mercury greW in recent years, manufacturers dispensed

ramped setpointsivarying the inside temperature by more
than the normal +/—1 degree F. range in speci?c Ways4can

With the mercury sWitches and began using magnets to force
the contacts to remain closed until changing temperatures had

maintain comfort With a loWer average temperature in the
case of heating, and a higher average temperature in the case

of cooling, than is possible With constant setpoints. Reducing

put suf?cient tension into the bimetallic spring to overcome
the magnetic closure. As this effect became better understood
and Was designed into thermostats, it became a standard
design feature. The hysteresis band or dead Zone is noW

average setpoints in Winter and raising them in Winter can

commonly designed to hold the desired setpoint Within a
range of +/—1 degree Fahrenheit. So, for example, if the
heating setpoint is 68 degrees F., the fumace Will turn on When

reference in its entirety and is to be considered part of this

the inside temperature as sensed by the thermostat falls to 67

case of heating) to alloW the temperature to drift 2 degrees
beloW the user’s chosen setpoint over an extended period of

degrees F., and Will turn off again When the inside temperature

signi?cantly reduce energy consumption. Examples of such
concepts are discussed in US. patent application Publication

Ser. No. 12/498,142, Which is hereby incorporated herein by

speci?cation.
[0011]

One speci?c pattern that has been validated is (in the
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1-2 hours, and to then revert as quickly as possible to the

thermostat is not capable of maintaining a stable temperature

originally desired setpoint. Because the sloW cooling is not

Without variation. The use of a hysteresis band in effect cre

easily perceived, but the rapid reheating is, the subjective

ates an oscillation around the setpoint. The period of that
Wave form (that is, the length of time it takes to complete a full

impression is Weighted toWard comfort, despite the fact that
the average setpoint over the period of the “Waveform” is 1

degree loWer than the desired setpoint. (The pattern is
inverted in the case of air conditioning.)
[0012] One approach to achieving the bene?ts of such a

setpoint strategy is to speci?cally schedule each of the
planned setpoint changes required to create such a thermal
Waveform. This approach requires some combination of sig
ni?cant local intelligence resident in the thermostat, a local
computer capable of controlling the thermostat, and/or a
remote server managing frequent setpoint changes on remote
devices.

[0013] Another potential draWback to using programming
changes to create such thermal Waveforms With conventional
thermostats is that such devices generally include a visual

display that gives a readout of the programmed setpoint as
Well as the current inside temperature as measured by the

thermostat. Many people have formed associations betWeen

speci?c objective temperatures and subjective feelings of
comfor‘t4e.g., the belief that they Will be comfortable if it is
72 degrees inside their home, but uncomfortable if it is
74.These beliefs may have little basis in fact, or be true under
certain circumstances but not under others, because comfort

depends on numerous factors beyond dry-bulb temperature.

Such factors include humidity, air movement, activity levels,
and the aforementioned hysteresis effects. One of the poten
tial perverse effects that can be caused by providing tempera
ture readouts to occupants is that a person Who might other
Wise feel comfortable may become convinced that he is not

cycle) is determined by several factors, including the differ
ence betWeen outside and inside temperatures, the thermal

performance of the structure being conditioned, and the
capacity of the HVAC system. But the hysteresis band ensures
that under mo st circumstances the amplitude of the Waveform
is roughly ?xed. In other Words, a traditional thermostat cre
ates a temperature Waveform inside the home that has a pre
de?ned peak-peak variation or amplitude that it seeks to

maintain (generally 2 degrees F. peak to peak). As outside
temperatures diverge from inside temperatures, the frequency
of cycling increases. Under mild conditions, a Well-insulated
home With an appropriately siZed HVAC system, the period of
the Waveform may be as long as an hour or more. On very cold

Winter days or hot summer days in a poorly insulated home
With an oversiZed HVAC system, the period may be as short as
a feW minutes. Only When the conditions overWhelm the
HVAC system (generally, When it is so hot that the air condi
tioner cannot maintain inside temperatures Within the hyster

esis band) does inside temperature go outside the de?ned
range of Waveform amplitude, at Which point the system runs

in open-loop mode.
[0024] Under normal conditions, the compressor delay Will
not materially affect that cycling behavior. But the compres
sor delay, if suf?ciently long relative to the “natural” period of

the system, Will alter both the amplitude and the frequency of
the thermal Waveform. For example, if the setpoint is 69
degrees E, and under a given set of conditions (current out

simply because the thermo stat’s display shoWs a temperature
that the occupant associates With discomfort.

side temperature, humidity, and solar radiation being
absorbed by the house, outside temperature, humidity and

[0014] It Would be desirable for an HVAC control system to
offer a simple Way to create asymmetrical thermal Waveforms

solar radiation absorbed by the house in the recent past,
current inside temperature, inside temperature in the recent
past, etc.) the air conditioner cycles “on” for seven minutes in
order to loWer the inside temperature from 70 degrees F. to 68

Without the need for highly detailed programming. It Would
also be desirable for an HVAC control system to offer a means

to create asymmetrical thermal Waveforms Without changing

degrees E, then sWitches “off” for ?ve minutes during Which

the setpoint displayed by conventional thermostats.

the temperature returns to 70 degrees, a compressor delay of

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] FIG. 1 shoWs an example of an overall environment
in Which an embodiment of the invention may be used.
[0016] FIG. 2 shoWs a high-level illustration of the archi
tecture of a netWork shoWing the relationship betWeen the

four minutes or less Will have no effect on the cycling of the

major elements of one embodiment of the subject invention.
[0017] FIG. 3 shoWs an embodiment of the Website to be
used as part of the subject invention.
[0018] FIG. 4 shoWs a high-level schematic of the thermo
stat used as part of the subject invention.
[0019] FIG. 5 shoWs one embodiment of the database struc
ture used as part of the subject invention

[0020] FIG. 6 shoWs hoW comparing inside temperature
against outside temperature and other variables permits cal

culation of dynamic signatures.
[0021] FIG. 7 shoWs a ?owchart illustrating the steps
required to initiate a compressor delay adjustment event.

[0022] FIGS. 8(a) through 8(c) illustrate hoW changes in
compressor delay settings affect HVAC cycling behavior by
plotting time against temperature.
DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

system. Assuming steady-state conditions, the period of the
“Waveform” Will be tWelve minutes, its amplitude Will be tWo
degrees E, and the air conditioner Will be operating on a

roughly 58% duty cycle.
[0025]

If under the same conditions the compressor delay is

increased to eight minutes, the Waveform Will change signi?
cantly. Because the “off” portion of the Waveform is forced to
last longer than the time it takes for the temperature to reach

the top of the hysteresis band, inside temperature Will rise

beyond 70 degrees, thereby increasing the amplitude of the
Waveform as Well as its period. The “on” portion of the
Waveform is likely to increase in duration as Well, because the
air conditioner is noW called upon to drive doWn inside tem

perature by more than tWo degrees. HoWever, the key is that
the Waveform is no longer symmetrical around the nominal
69 degree setpoint. The air conditioner still turns off When it
reaches 68 degrees. But the extended compressor delay
means that the upper boundary of the Waveform is higher than
70 degrees. If the combination of Weather conditions and
extended compressor delay alloW the inside temperature to
reach 71 degrees before the thermostat alloWs the compressor

Because most HVAC systems are essentially binary

to turn on again, then the effective hysteresis band is three
degrees rather than tWo degrees, and the average inside tem

systems in that they are either ON or OFF, even the best

perature (assuming a symmetrical Waveform) Will be 69.5

[0023]
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degrees, rather than 69. In addition, because there is a direct
relationship betWeen the average inside temperature main
tained and HVAC cycle times, the increase in average inside

What is noW commonly referred to as the Internet, it is also
intended to encompass variations Which may be made in the

temperature (Which may be thought of the effective setpoint,

tocols.

as opposed to the nominal setpoint) Will reduce A/ C cycling,
and thus energy use. But because the loWer boundary of the
hysteresis band is still beloW the chosen setpoint, the subj ec
tive effect of the change is likely to be minimal.
[0026] In the air conditioning context, raising average tem
peratures in this Way Will have tWo valuable bene?ts. First, as
noted above, it can reduce energy usage With minimal effect
on comfort. The second key bene?t ?oWs from the dynamic
nature of the Waveform effects and the relatively ineleastic

nature of electricity supply.
[0027] Air conditioning use is in many areas the largest
component of electricity demand during the summer. On
extremely hot days, demand may exceed supply, Which can
result in service disruptions in the form of blackouts and
broWnouts. Utilities seek to avoid such outcomes by bringing
on line “peaker” poWer plants, Which tend to be expensive to
operate and to pollute more and emit larger quantities of
greenhouse gases than do the generators used for base load.
They also seek, When necessary, to purchase additional sup
ply from other sources on What is effectively a spot market.

More recently, utilities have also sought to buy doWn demand
by paying costumers to use less electricity during periods of
critical demand. This process is knoWn as demand response,

and many utilities pay customers signi?cant sums for the right
to ask (or require) the customer to reduce energy usage during
such peak periods. In the case of residential air conditioning,
such programs often require that air conditioners be turned off
for several hours at a time, or for setpoints to be raised sig

ni?cantly during such peak events.
[0028] The invention described herein offers a simple
method for dynamically offering a small but meaningful
demand response Without signi?cantly affecting comfort.
Furthermore, the bene?t offered Will automatically increase
With need. During mild Weather conditions, an extended com
pressor delay Will have little or no effect, but Will also be
unnecessary. On a hot but not exceptional summer afternoon,
extending the compressor delay Will cause mild increase in
average inside temperature and a small decrease in the duty

cycle of each affected HVAC system. Such small individual
changes, When averaged across a large number of homes, can
deliver useful reductions in peak loads. On critical days,
Which are virtually Without exception the hottest days, the
same compressor delay that caused a small rise in tempera
ture on the moderately hot day causes a larger rise and thus a

greater demand response contribution on the very hot day.
Thus the amount of demand response generated automati
cally increases during the conditions in Which it is most
needed.
[0029] FIG. 1 shoWs an example of an overall environment
100 in Which an embodiment of the invention may be used.
The environment 100 includes an interactive communication

future, including changes additions to existing standard pro
[0031]

One popular part of the Internet is the World Wide

Web. The World Wide Web contains a large number of com

puters 104 and servers 106, Which store HyperText Markup

Language (HTML) documents capable of displaying graphi
cal and textual information. HTML is a standard coding con

vention and set of codes for attaching presentation and linking
attributes to informational content Within documents.

[0032] The servers 106 that provide offerings on the World
Wide Web are typically called Websites. A Website is often
de?ned by an Internet address that has an associated elec
tronic page. Generally, an electronic page is a document that

organizes the presentation of text graphical images, audio and
video.
[0033] In addition to the Internet, the netWork 102 can
comprise a Wide variety of interactive communication media.
For example, netWork 102 can include local area netWorks,

interactive television netWorks, telephone netWorks, Wireless
data systems, tWo-Way cable systems, and the like.
[0034]

NetWork 102 can also comprise servers 106 that

provide services other than HTML documents. Such services
may include the exchange of data With a Wide variety of
“edge” devices, some of Which may not be capable of dis
playing Web pages, but that can record, transmit and receive
information.
[0035] In one embodiment, computers 104 and servers 106
are conventional computers that are equipped With commu
nications hardWare such as modem or a netWork interface

card. The computers include processors such as those sold by
Intel andAMD. Other processors may also be used, including

general-purpose processors, multi-chip processors, embed
ded processors and the like.
[0036] Computers 104 can also be handheld and Wireless

devices such as personal digital assistants (PDAs), cellular
telephones and other devices capable of accessing the net
Work.
[0037] Computers 104 utiliZe a broWser con?gured to inter
act With the World Wide Web. Such broWsers may include

Microsoft Explorer, MoZilla, Firefox, Opera or Safari. They
may also include broWsers used on handheld and Wireless
devices.

[0038] The storage medium may comprise any method of
storing information. It may comprise random access memory

(RAM), electronically erasable programmable read only
memory (EEPROM), read only memory (ROM), hard disk,
?oppy disk, CD-ROM, optical memory, or other method of

storing data.
[0039] Computers 104 and 106 may use an operating sys
tem such as Microsoft WindoWs, Apple Mac OS, Linux, Unix
or the like.

[0040] Computers 106 may include a range of devices that
provide information, sound, graphics and text, and may use a

netWork 102 With computers 104 connected thereto. Also

variety of operating systems and softWare optimiZed for dis

connected to netWork 102 are one or more server computers

tribution of content via netWorks.
[0041] FIG. 2 illustrates in further detail the architecture of

1 06, Which store information and make the information avail
able to computers 104. The netWork 102 alloWs communica
tion betWeen and among the computers 104 and 106.

[0030]

Presently preferred netWork 102 comprises a collec

tion of interconnected public and/or private netWorks that are
linked to together by a set of standard protocols to form a
distributed netWork. While netWork 1 02 is intended to refer to

the speci?c components connected to netWork 102 shoWing
the relationship betWeen the major elements of one embodi
ment of the subject invention. Attached to the netWork are
thermostats 108 and computers 104 of various users. Con
nected to thermostats 108 are HVAC units 110. The HVAC
units may be conventional air conditioners, heat pumps, or
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other devices for transferring heat into or out of a building.

orientation of the home, the location of the thermostat in the

Each user is connected to the servers 106 a via wired or

home, the user’s preferred temperature settings, etc.

wireless connection such as Ethernet or a wireless protocol
such as IEEE 802.11, a gateway or wireless access point 11

[0046] As shown in FIG. 3, the website 200 will permit
thermostat users to perform through the web browser substan

that connects the computer and thermostat to the Internet via

tially all of the programming functions traditionally per
formed directly at the physical thermostat, such as tempera

a broadband connection such as a digital subscriber line

(DSL) or other form of broadband connection to the World
Wide Web. In one embodiment, thermostat management
server 106 is in communication with the network 102. Server
106 contains the content to be served as web pages and

viewed by computers 104, as well as databases containing
information used by the servers, and applications used to
remotely manage thermostats 108.

[0042]

In the currently preferred embodiment, the website

200 includes a number of components accessible to the user,
as shown in FIG. 3. Those components may include a means
to store temperature settings 202, a means to enter informa
tion about the user’s home 204, a means to enter the user’s
electricity bills 206, and means 208 to elect to enable the

subject invention.
[0043]

FIG. 4 shows a high-level block diagram of thermo

stat 108 used as part of the subject invention. Thermostat 108
includes temperature sensing means 252, which may be a
thermistor, thermal diode or other means commonly used in
the design of electronic thermostats. It includes a micropro
cessor 254, memory 256, a display 258, a power source 260,
at least one relay 262, which turns the HVAC system on and
off in response to a signal from the microprocessor, and
contacts by which the relay is connected to the wires that lead
to the HVAC system. To allow the thermostat to communicate

bi-directionally with the computer network, the thermostat
also includes means 264 to connect the thermostat to a local
computer or to a wireless network. Such means could be in the

form of Ethernet, wireless protocols such as IEEE 802.11,
IEEE 802.15.4, Bluetooth, or other wireless protocols. The
thermostat may be connected to the computer network
directly via wired or wireless Internet Protocol connection.
Alternatively, the thermostat may connect wirelessly to a
gateway such as an IP-to-Zigbee gateway, an IP-to-Z-wave
gateway, or the like. Where the communications means

enabled include wireless communication, antenna 266 will
also be included. The thermostat 250 may also include con
trols 268 allowing users to change settings directly at the
thermostat, but such controls are not necessary to allow the

thermostat to function. Speci?cally excluded from thermostat

ture set points, the time at which the thermostat should be at

each set point, etc. Preferably the website will also allow
users to accomplish more advanced tasks such as allow users

to program in vacation settings for times when the HVAC
system may be turned off or run at more economical settings,

and set macros that will allow changing the settings of the
temperature for all periods with a single gesture such as a
mouse click.

[0047] In addition to using the system to allow better sig
naling and control of the HVAC system, which relies prima
rily on communication running from the server to the ther
mostat, the bi-directional communication will also allow the
thermostat 108 to regularly measure and send to the server

information about the temperature in the building. By com

paring outside temperature, inside temperature, thermostat
settings, cycling behavior of the HVAC system, and other
variables, the system will be capable of numerous diagnostic
and controlling functions beyond those of a standard thermo
stat.

[0048] For example, FIG. 6a shows a graph of inside tem
perature, outside temperature and HVAC activity for a 24

hour period. When outside temperature 302 increases, inside
temperature 304 follows, but with some delay because of the
thermal mass of the building, unless the air conditioning 306
operates to counteract this effect. When the air conditioning
turns on, the inside temperature stays constant (or rises at a
much lower rate or even falls) despite the rising outside tem
perature. In this example, frequent and heavy use of the air

conditioning results in only a very slight temperature increase
inside 0 the house of 4 degrees, from 72 to 76 degrees, despite
the increase in outside temperature from 80 to 100 degrees.
[0049] FIG. 6b shows a graph of the same house on the
same day, but assumes that the air conditioning is turned off
from noon to 7PM. As expected, the inside temperature 304a
rises with increasing outside temperatures 302 for most of

that period, reaching 88 degrees at 7PM.
[0050] Because server 106 logs the temperature readings
from inside each house (whether once per minute or over
some other interval), as well as the timing and duration of air

108 should be any non-overrideable means for prescribing a

conditioning cycles, database 300 will contain a history of the
thermal performance of each house. That performance data

speci?c compressor delay.

will allow server 106 to calculate an effective thermal mass

[0044] The data used to generate the content delivered in
the form of the website and to automate control of thermostat

for each such structureithat is, the speed with the tempera
ture inside a given building will change in response to
changes in outside temperature. Because the server will also

108 is stored on one or more servers 106 within one or more

databases. As shown in FIG. 5, the overall database structure
300 may include temperature database 400, thermostat set

tings database 500, energy bill database 600, HVAC hardware
database 700, weather database 800, user database 900, trans
action database 1000, product and service database 1100 and
such other databases as may be needed to support these and
additional features.
[0045] The website will allow users of connected thermo
stats 108 to create personal accounts. Each user’s account will

store information in database 900, which tracks various
attributes relative to users. Such attributes may include the

make and model of the speci?c HVAC equipment in the user’s
home; the age and square footage of the home, the solar

log these inputs against other inputs including time of day,
humidity, etc. the server will be able to predict, at any given
time on any given day, the rate at which inside temperature

should change for given inside and outside temperatures.
[0051] The ability to predict the rate of change in inside
temperature in a given house under varying conditions may be

applied by in effect holding the desired future inside tempera
ture as a constraint and using the ability to predict the rate of
change to determine when the HVAC system must be turned
on in order to reach the desired temperature at the desired
time.
[0052] FIG. 7 shows a ?owchart illustrating the steps
required to initiate a compressor delay adjustment event. In
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step 1102, server 106 retrieves parameters such as Weather

during the extended compressor delay of 8 minutes, a higher

conditions, the current price per kiloWatt-hour of electricity,

outside temperature Will cause the inside temperature to

and the state of the electric grid in terms of supply versus
demand for the geographic area that includes a given home. In
step 1104 server 106 determines Whether to instantiate the

increase faster, Which results in a peak temperature of roughly
73 degrees, and in Wider temperature cycling 1220. The aver

compressor delay adjustment program for certain homes in

1218 to AT(3) 1222.
[0056] It should be noted that the shape of the actual Wave
form Will most likely not be sinusoidal, but for ease of illus
tration it is sometimes be presented as such in the ?gures.
[0057] While certain embodiments of the inventions have

response to those conditions. In step 1106, server 106 deter
mines Whether a speci?c home is subscribed to participate in

compressor delay events. If a given home is eligible, then in
step 1108 the server retrieves the parameters needed to
specify the compressor delay routine. These may include user
preferences, such as the Weather, time of day and other con
ditions under Which the homeoWner has elected to permit

age inside temperature consequently increases from AT(2)

been described, these embodiments have been presented by
Way of example only, and are not intended to limit the scope

of the inventions. Indeed, the novel methods and systems
described herein may be embodied in a variety of other forms;

hysteresis band changes, the maximum length of compressor
delay authoriZed, etc. In step 1110 the appropriate compres

furthermore, various omissions, substitutions and changes in

sor delay settings are determined, and in step 1112 the chosen

the form of the methods and systems described herein may be

settings are communicated to the thermostat.

made Without departing from the spirit of the inventions. The
accompanying claims and their equivalents are intended to

[0053] FIGS. 8(a) through 8(c) illustrate hoW changes in
compressor delay settings affect HVAC cycling behavior by
plotting time against temperature. In FIG. 8(a), time is shoWn
on the horiZontal axis 1202, and temperature is shoWn on

vertical axis 1204. The setpoint for thermostat 108 is 70

degrees F., Which results in the cycling behavior shoWn for
inside temperature 1206. Because compressor delay CD1
1208 is, at approximately 3 minutes, shorter than the natural
duration of a compressor off cycle Of? 1210 at approximately
6 minutes for this particular house under the illustrated con
ditions, the compressor delay has no effect on the operation of
the HVAC system. Because the hysteresis band operates so as

cover such forms or modi?cations as Would fall Within the

scope and spirit of the inventions.
What is claimed is:
1. A system for reducing the usage of a ventilation system

comprising:
a thermostatic controller having at least tWo settings for the

delay enforced by said thermostatic controller after said
thermostatic controller turns said ventilation system off

prior to alloWing said thermostatic controller to signal
said ventilation system to turn on again, one setting

being for a ?rst interval, and at least a second setting for
a second interval that is longer than said ?rst interval;

to maintain the temperature Within a range of plus or minus

one degree of the setpoint, in the case of air conditioning the
air conditioner Will sWitch on When the inside temperature
reaches 71 degrees, continue operating until it reaches 69
degrees, then shut off. The system Will then remain off until it
reaches 71 degrees again, at Which time it Will sWitch on. The
percentage of time during Which inside temperature is above
or beloW the setpoint Will depend on conditions and the

dynamic signature of the individual, home. Under the condi

a processor in communication With said thermostatic con
troller, the processor con?gured to evaluate one or more

parameters including at least the temperature outside the
structure conditioned by said ventilation system, and to
determine Whether to adopt said ?rst interval or said
second interval based upon the values of said param
eters.

tions illustrated, the average inside temperature AT1 1212 is

2.A system as in claim 1 Where said thermostatic controller
operates a system for changing the air temperature in a struc

roughly equal to the setpoint of 70 degrees.

ture.

[0054] FIG. 8(b) shoWs hoW With the same environmental
conditions as in FIG. 8(a), the cycling behavior of the inside

operates a heating, ventilation and air conditioning system.

3 . A system as in claim 1 Where said thermostatic controller

temperature changes When the compressor delay is longer

4.A system as in claim 1 Where said thermostatic controller

than the natural compressor off cycle Of? 1210. Extended
compressor delay CD2 1214 alloWs inside temperature 1216
to climb above the range normally enforced by the hysteresis
band. Because CD2 is roughly 8 minutes, under the given
conditions the inside temperature climbs to approximately 72
degrees before the compressor delay alloWs the air condi
tioner to restart and drive the inside temperature back doWn.
But as before, the air conditioner shuts off When the inside
temperature reaches 69 degrees. Thus the average tempera
ture is increased from AT1 1212 to AT2 1218. This change
Will save energy and reduce cycling because it takes less

operates a heating, ventilation and air conditioning system in
a single family residence.
5. A system as in claim 1 in Which at least one remote

processor is in communication With said thermostatic control
device.
6. A system as in claim 5 in Which said remote processor is
not located in the same structure as said thermostatic control

ler.
7. A system as in claim 5 in Which said remote processor
sets programming for said thermostatic controller.
8. A system as in claim 1 in Which said thermostatic con

energy to maintain a higher inside temperature With an air
conditioner.

troller is programmable.

[0055] FIG. 8(c) shoWs hoW the same compressor delay can
result in different thermal cycling With different Weather con
ditions. The greater the amount by Which outside temperature

mostatic controller after said thermostatic controller turns

exceeds inside temperature in the air conditioning context,
the more rapidly the inside temperature Will increase during

comprising:

9. A process for optimizing the delay enforced by a ther

said ventilation system off prior to alloWing said thermostatic
controller to signal said ventilation system to turn on again
evaluation by a processor of one or more parameters relat

an off cycle, and the sloWer the air conditioner Will be able to
cool during the on cycle. Thus as compared to FIG. 8(b),

ing to the operation of the temperature conditioning

When the inside temperature increased to roughly 72 degrees

Weather conditions;

system, Where at least one of said parameters relates to
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determining Which of at least a ?rst delay interval and a

second delay interval Where said second delay interval is
longer than said ?rst delay interval is to be enforced by
said thermostatic controller in light of said one or more

parameters;
communication of said delay from said processor to said

thermostatic controller; and
adoption of said delay by said thermostatic controller.
10. A system as in claim 9 Where said thermostatic control
ler operates a system for changing the air temperature in a
structure.

11. A system as in claim 9 Where said thermostatic control

12. A system as in claim 9 Where said thermostatic control

ler operates a heating, ventilation and air conditioning system
in a single family residence.
13. A system as in claim 9 in Which at least one remote

processor is in communication With said thermostatic control
device.
14. A system as in claim 13 in Which said remote processor
is not located in the same structure as said thermostatic con

troller.
15. A system as in claim 13 in Which said remote processor
sets programming for said thermostatic controller.
16. A system as in claim 9 in Which said thermostatic

controller is programmable.

ler operates a heating, ventilation and air conditioning sys
tem.
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