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USER TYPE ACCESS HVAC CONTROL
SYSTEM

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCES TO RELATED
APPLICATIONS

Morve than one reissue application has been filed. This is

an application for reissue of U.S. Pat. No. 7,945,799, and is
a divisional of application [is a continuation of and] Ser. No.
13/897,344 filed May 17, 2013 (now abandoned) which is
also an application for reissue of U.S. Pat. No. 7,945,799
which in turn claims a benefit of priority under 35 U.S.C.
120 from Jcopending] utility patent application U.S. Ser. No.
11/018,667, filed Dec. 21, 2004 now U.S. Pat. No. 7,555,364
which 1n turn 1s a continuation-in-part of, and claims a
benefit of priority under 35 U.S.C. 120 from utility patent
application U.S. Ser. No. 10/817,497, filed Apr. 2, 2004
(now U.S. Pat. No. 7,216,013, 1ssued May 8, 2007) which
in-turn 1s a divisional of, and claims a benefit of priority
under 35 U.S.C. 120 from U.S. Ser. No. 09/935,281, filed
Aug. 22,2001 (now U.S. Pat. No. 6,741,913, 1ssued May 25,
2004), the entire contents of all of which are hereby
expressly icorporated herein by reference for all purposes.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The mvention relates generally to the field of program-
mable heating, ventilation, and air conditiomng (HVAC)
systems. More particularly, the invention relates to energy
saving programmable HVAC systems. Specifically, a pre-
ferred implementation of the invention relates to a usage
monitoring programmable HVAC system.

2. Discussion of the Related Art

Heating, ventilation, and air conditioning (HVAC) sys-
tems consume a large amount of energy. Commonly, heating
and cooling operations are controlled automatically with a
thermostat or plurality of thermostats which 1mitiate these
operations according to preset temperature limits. The ther-
mostat can be located at a predetermined central local or the
plurality of thermostats can be located at a predetermined
plurality of locations. The thermostats are capable of detect-
ing changes 1n room temperature. When the room tempera-
ture fluctuates outside the preset high and low temperature
limats, the thermostats can trigger a heating, ventilation, and
air conditioning unit to heat or cool the room, thus main-
taining the room temperature between the preset limits. The
thermostats regulate room temperature in this manner
regardless of whether or not the building 1s occupied. Since
many buldings may be unoccupied for certain periods of
time, the continuous operation of such conventional HVAC
systems would result in wastage of a large amount of energy.
Attempts have been made to reduce energy wastage by
including a timer that simply terminates HVAC system
function during a preset interval. Such provision 1s often
impractical since most buildings do not have regular occu-
pancy patterns.

Another problem associated with conventional HVAC
systems 1s the unavailability of personalized billing. Gen-
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2

erally, all users of a conventional HVAC system have to pay
an equal portion of fixed and variable costs associated with

continued operations of the HVAC system. As a result, users
often have to pay for HVAC services used by another user.

Heretotfore, the requirements of energy conservation and
personalized billing referred to above have not been fully
met. What 1s needed 1s a solution that simultaneously
addresses both of these requirements.

SUMMARY OF THE INVENTION

There 1s a need for the following embodiments. Of course,
the invention 1s not limited to these embodiments.

According to an aspect of the invention, a method com-
prises: a method, comprises: providing a usage monitoring
heating ventilation and air conditioning control system, the
usage monitoring heating ventilation and air conditioning
control system including a programmable digital thermostat
with an on board memory; issuing personal identification
numbers to each of a plurality of system users; associating
cach of the plurality of system users with at least one of a
plurality of user types; storing the personal identification
numbers 1n a first data structure in the on board memory; and
linking each one of a plurality of entries in the first data
structure by reference to at least one of a plurality of entries
in a second data structure in the on board memory, the
second data structure icluding a list of user types. Accord-
ing to another aspect of the invention, a method, comprises:
receiving a request for an additional period of heating
ventilation and air conditioning system services from a
requesting system user, the requesting system user compos-
ing a plurality of system users; maintaining a data structure
in an on board memory of a programmable thermostat, the
data structure including a list of time entries, each time entry
associated with one of the plurality of system users; and
updating the data structure by adding a duration 1n units of
time to the time associated with the requesting system user.
According to another aspect of the invention, an apparatus,
comprises: a microcontroller; a digital temperature sensor
coupled to the microcontroller; a liquid crystal display
coupled to the microcontroller; a set of cursor buttons
coupled to the microcontroller; an electrically erasable pro-
grammable read-only memory coupled to the microcon-
troller; an upload capable connector coupled to the elec-
tronically erasable programmable read-only memory; a real
time clock coupled to the microcontroller; and a back up
power supply coupled to the real time clock. According to
another aspect of the mvention, a method, comprises regu-
lating user access to an interactive user interface ol a
programmable thermostat, each user 1dentified by a personal
identification number associated with a user type selected
from the group consisting of building owners, maintenance
personnel, building tenants, and manufacturers.

According to another aspect of the imnvention, a method
comprises regulating user access to at least one menu of an
interactive user interface of a programmable digital thermo-
stat, including: reversibly defining at least one minimum
user level required to access the at least one menu 1including;
reading and storing a hierarchical personal identification
number associated with a hierarchical user level; permitting
hierarchical user access to a user level menu when the
hierarchical personal 1dentification number 1s both valid and
associated with a hierarchical user level greater than or equal
to a mimimum hierarchical user level predefined to be
required for access to the user level menu; and reading and
storing the at least one minimum user level required to
access the at least one menu; and then permitting user access
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to the at least one menu when a personal i1dentification
number entered by another user 1s both valid and associated
with a user level greater than or equal to the minimum user
level reversibly defined by the hierarchical user to be
required for access to the at least one menu. According to
another aspect of the invention, a method comprises defining
a multi-stage cooling/heating program of a programmable
digital thermostat having an interactive user interface,
including: reversibly defining a number of events per day
including: reading and storing a hierarchical personal 1den-
tification number associated with a hierarchical user level;
permitting hierarchical user access to a system menu when
the hierarchical personal 1dentification number 1s both valid
and associated with a hierarchical user level greater than or
equal to a minimum hierarchical user level required for
access to the system menu; and reading and storing the
number of events per day; and then permitting user access to
another menu when a personal 1dentification number entered
by another user 1s valid to further define the multi-stage
cooling/heating program. According to another aspect of the
invention, a method comprises recovering from a lost per-
sonal identification number situation and restoring program-
mablhty to a device, including: generatmg a SEED PIN
using the device calculating a KEY PIN using the device and
storing the KEY PIN 1n the device, without displaying the
KEY PIN, wherein the KEY PIN 1s a function at-least-in-
part of both the SEED PIN and a serial number associated
with the device; sending the SEED PIN and the serial
number associated with the device to an authenticating
source; recalculating the KEY PIN using the function, the
SEED PIN and the serial number at the authenticating
source; receiving the KEY PIN from the authenticating
source; and entering the KEY PIN into the device to
temporarily assign hierarchical access to a user. According,
to another aspect of the invention, a method comprises a
synchronization sequence including: reading a base time
from an internal clock at a first time and saving the base
time; measuring an elapsed time interval, from the first time
to a second time, by counting an external clock using a
frequency counter; and then resetting the iternal clock to
the base time plus the elapsed time. According to another
aspect of the invention, an apparatus comprises: an internal
clock; an external clock; and a microcontroller coupled to
the internal clock and the external clock, the microcontroller
including a frequency counter, wherein the microcontroller
reads a base time from the internal clock at a first time and
saves the base time, wherein the microcontroller measures
an elapsed time 1nterval, from the first time to a second time,
using the frequency counter, and wherein the microcon-
troller resets the internal clock to the base time plus the
clapsed time.

These, and other, embodiments of the invention will be
better appreciated and understood when considered 1n con-
junction with the following description and the accompa-
nying drawings. It should be understood, however, that the
following description, while indicating various embodi-
ments of the invention and numerous specific details thereof,
1s given by way of illustration and not of limitation. Many
substitutions, modifications, additions and/or rearrange-
ments may be made within the scope of the invention
without departing from the spirit thereof, and the invention
includes all such substitutions, modifications, additions and/
Or rearrangements.

BRIEF DESCRIPTION OF THE

DRAWINGS

The drawings accompanying and forming part of this
specification are included to depict certain aspects of the
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4

invention. A clearer conception of the mvention, and of the
components and operation of systems provided with the

invention, will become more readily apparent by referring to
the exemplary, and therefore nonlimiting, embodiments
illustrated 1n the drawings, wherein like reference numerals
(1f they occur 1n more than one view) designate the same
clements. The invention may be better understood by refer-
ence to one or more of these drawings in combination with
the description presented herein. It should be noted that the
teatures 1llustrated 1n the drawings are not necessarily drawn
to scale.

FIG. 1 1illustrates a circuit diagram of a temperature
sensor, representing an embodiment of the invention.

FIG. 2 1illustrates a circuit diagram of a control system,
representing an embodiment of the invention.

FIG. 3 illustrates a circuit diagram of a display control,
representing an embodiment of the invention.

FIG. 4 illustrates a surface view of a usage monitoring,
HVAC control system, representing an embodiment of the
invention.

FIG. 3§ illustrates a data structure that can be stored 1n
clectrically erasable programmable read-only memory, rep-
resenting an embodiment of the invention.

FIG. 6 illustrates a soitware subsystem, representing an
embodiment of the invention.

FIG. 7 illustrates a usage monitoring HVAC control
system, representing an embodiment of the invention.

FIGS. 8A-8C are partial figures mtended to form one
complete figure that 1llustrates a circuit diagram of a portion
of a system that includes a programmable digital thermostat,
representing an embodiment of the invention.

FIG. 9 illustrates a circuit diagram of a portion of a
programmable digital thermostat including an interface,
representing an embodiment of the invention.

FIG. 10 illustrates a circuit diagram of a portion of a
programmable digital thermostat including a microcon-
troller, representing an embodiment of the invention.

FIG. 11 illustrates a circuit diagram of a portion of a
programmable digital thermostat including a liquid crystal
display, representing an embodiment of the invention.

FIG. 12 illustrates a circuit diagram of a cable for use 1n
combination with a programmable digital thermostat, rep-
resenting an embodiment of the invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

The invention and the various features and advantageous
details thereot are explained more fully with reference to the
nonlimiting embodiments that are illustrated in the accom-
panying drawings and detailed in the following description.
Descriptions of well known components and processing
techniques are omitted so as not to unnecessarily obscure the
invention in detail. It should be understood, however, that
the detailed description and the specific examples, while
indicating preferred embodiments of the invention, are given
by way of illustration only and not by way of limaitation.
Various substitutions, modifications, additions and/or rear-
rangements within the spirit and/or scope of the underlying
iventive concept will become apparent to those skilled 1n
the art from this detailed description.

The context of the mvention can include commercial
buildings where a plurality of users require HVAC system
services. The context of the mvention can also include
residential buildings.

The mmvention describes a usage monitoring HVAC con-
trol system. The usage monitoring HVAC control system can
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include a programmable digital thermostat coupled to con-
ventional HVAC equipment, such as compressors and ven-
tilation fans. The programmable digital thermostat can
include significant intelligence 1in hardware and can also
include an on-board non-volatile memory coupled to a
processor capable of executing software processes. The
programmable digital thermostat can be programmed to
execute several application-defined processes, and those
described herein represent a preferred embodiment of the
invention. The programmable digital thermostat can be
programmed to execute many other useful processes than
those described below.

The mvention includes a programmable digital thermostat
or a plurality of programmable digital thermostats that are
capable of monitoring and regulating room air temperature
in an indoor environment. Each of the one or many pro-
grammable digital thermostats can control conventional
HVAC equipment (e.g. ventilation fans, cooling compres-
sors, and heaters). For convenience, operation of the mnven-
tion 1s considered herein to be 1n an ofli

ice building envi-
ronment, however, the same apparatus and methods as
described herein can be used in other environments with
trivial modifications. The programmable digital thermostats
can be configured to regulate room temperature between an
upper temperature limit and a lower temperature limit, both
of which can be preset to reside between, for example, 50°
F. and 90° F., or other limits as deemed ambient. Further, the
programmable digital thermostats can be programmed to
operate for a preset duration during each business day,
presumably when the building 1s occupied, 1n the case of an
oflice building during normal ofli

ice hours. The program-
mable digital thermostats can regulate room temperature
within a preset ambient temperature region during normal
oflice hours. Outside normal office hours, when the building
1s presumed to be unoccupied, the programmable digital
thermostat will no longer regulate room temperature to
reside 1n the ambient temperature region. Instead, the pro-
grammable digital thermostat will regulate room tempera-
ture to reside 1n a standby temperature region, the standby
temperature region can be determined and preset by building,
authorities (e.g., between 40° F. and 110° F.). When the
building 1s occupied outside normal business hours and
room temperature 1s maintained by the programmable digital
thermostat at a standby temperature, occupants of the build-
ing may request additional time periods (e.g. one hour)
during which the programmable digital thermostat will
resume normal HVAC system operation and maintain room
temperature within the preset ambient temperature. The
programmable digital thermostat can monitor and accrue
such requests for additional periods of normal HVAC system
operation. HVAC system usage information can then be
downloaded from the programmable digital thermostat and
uploaded onto a central billing computer. Thus, building
occupants can be billed individually for additional HVAC
system services.

Access to HVAC system controls can be restricted by
personal 1dentification numbers (PINs) issued to each sys-
tem user. In one embodiment, there can be five diflerent
HVAC control system access levels. The number of different
access levels can be chosen as required. Each user can be
given a PIN that 1s recognized by the programmable digital
thermostat as belonging to one of the five access levels. The
programmable digital thermostat allows those identified as
building tenants to order additional periods of ambient
temperature. Users 1dentified as building owners or mainte-
nance personnel are granted further system access. Building,
owners can change ambient temperature setting and hours of
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normal system operation. If building tenants order additional
periods of ambient temperature, the system usage data, 1.¢.,
the duration of time for which ambient temperature 1s
ordered, 1s recorded 1n the local memory of the program-
mable digital thermostat. Hours of additional system usage
for each user 1s recorded and accrued according to each
user’s PIN. The usage data can then be transferred from the
local memory of the programmable digital thermostat to a
central billing computer via a hand-held personal data
assistant (PDA) or via wireless transmaission or via hardwire
connection. Usage data can be transierred into a spreadsheet
format on the central billing computer. The spreadsheet thus
created can contain information such as user PIN and total
additional ambient temperature hours ordered.

A calendar can also be included 1n the local memory of the
programmable digital thermostat. The calendar can be preset
to 1ndicate holidays and weekends, 1.e., longer periods for
which the programmable digital thermostat can revert to the
standby temperature setting.

HVAC system usage data can be collected from the local
memory ol each programmable digital thermostat via either
a hand-held PDA or a wireless transmitter. The wireless
transmitter can be contained within the thermostat module.
The thermostat module can include a universal serial bus
(USB) mterface for data download to a hand-held PDA.
Usage data can then be uploaded to a central billing com-
puter. The mvention can include apparatus and methods to
convert the usage data stored 1n the programmable digital
thermostat to a spreadsheet format that can be displayed on
the central billing computer. Use of a wireless transmuitter
can also be extended to allow users to order ambient
temperature over a wireless medium.

Referring to FIG. 1, a temperature sensor control circuit
1s shown. A voltage monitor 104 can be coupled to a
microcontroller 101 via a bus 107. The voltage monitor 104
includes a 5 VDC power supply to energize the circuit of
FIG. 1. An eclectrically erasable programmable read-only
memory (EEPROM) memory board 102 can be coupled to
the microcontroller 101 via a bus 105. An electronic tem-
perature sensor 103 can be coupled to the EEPROM
memory board 102 via a bus 106.

Still referring to FIG. 1, an electronic temperature sensor
103 can measure room temperature at regular intervals.
During each room temperature measurement, the electronic
temperature sensor 103 can send temperature data to an
EEPROM memory board 102 via a bus 106. The tempera-
ture data can be stored in the EEPROM memory board 102,
and a copy of the temperature data can be transmitted to the
microcontroller 101 via a bus 105. The microcontroller 101
can read the temperature data and send signals to HVAC
units (not shown) to regulate room temperature at a pro-
grammed level. The circuit of FIG. 1 can be used to
implement a standard temperature monitor and control sys-
tem.

Reterring to FIG. 2, a circuit diagram of a HVAC control
system 1s shown. Several terminal couplings are not shown
in the circuit diagram for increased clarnty. Terminal cou-
plings, unless implicitly shown as hardwire connections in
the circuit diagram, are indicated by reference letters at each
terminal, wherein like reference letters at two terminals
indicate that they are coupled. A voltage monitor 205 can be
coupled to a microcontroller 201 via a bus. The microcon-
troller 201 can be coupled to a relay driver 202 (terminal
connections are not shown). The relay driver 202 can be
coupled to a terminal block 204 via a plurality of buses 207.
The terminal block 204 can be coupled to various HVAC
equipment such as a fan, a compressor, an emergency
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heating unit, etc. A real time clock 203 can be coupled to the
terminal block 204. A back up power capacitor 209 can be
coupled to the real time clock 203. A serial interface 206 can
be coupled to the microcontroller 201 via a bus 208.

Still referring to FIG. 2, current can be supplied to the
entire circuit by a voltage monitor 203. The voltage monitor
205 rectifies and steps down 24 VAC (standard HVAC
power supply) to 5 VDC which i1s suitable for driving
clectronic circuits. A microcontroller 201 can receive tem-
perature data from a temperature sensor (circuit of FIG. 1)
and send corresponding heating and/or cooling instructions
to HVAC equipment via a relay driver 202 and a terminal
block 204. A real time clock 203 can be responsible for
maintaining a timing mechanism, allowing the microcon-
troller 201 to maintain HVAC system operatlon at different
temperatures at diflerent times, such as oflice hours and after
hours, weekends, and holidays. A back up power capacitor
209, supplies power to the real time clock 203, in case power
supply 1s momentarily interrupted. HVAC system usage data
that can be stored 1n system memory can be accessed by the
microcontroller 201 and uploaded to a hand held PDA via a
serial interface 206. The HVAC system usage data can
turther be uploaded onto a central billing computer from the
hand held PDA to allow individual users to be billed for
HVAC services.

Referring to FIG. 3, a display control circuit 1s shown.
Several terminal couplings are not shown in the circuit
diagram for increased clarity. Terminal couplings, unless
implicitly shown as hardwire connections in the circuit
diagram, are indicated by reference letters at each terminal,
wherein like reference letters at two terminals indicate that
they are coupled. A microcontroller 301 can be coupled to a
voltage monitor 303. A set of cursor buttons 302 can be
coupled to the microcontroller 301. A liquid crystal display
(LCD) 304 can also be coupled to the microcontroller 301
via a bus 305. A 2x16 LCD 1s shown 1n FIG. 2. Other types
of LCD displays can also be used in the configuration
shown.

Still referring to FIG. 3, a start menu can be presented to
users via a liquid crystal display 304. Information displayed
on the liquid crystal display 304 can be processed by a
microcontroller 301. Such information can include a calen-
dar, a personal identification number prompt, temperature
readings, and HVAC system usage data. Users can key in
their PIN using a set of cursor buttons 302 that are housed
on a thermostat casing (see FIG. 4). Once a user PIN 1s
entered, the microcontroller 301 displays subsequent menus
to the user via the liquid crystal display 304. The subsequent
menus that are displayed can depend on user type. User
types can include tenants, building owners, maintenance
personnel, and manufacturer. The microcontroller 301 can
access an electrically erasable programmable read-only
memory to associate each entered user PIN to a user type.
Depending on the user type, users can order additional
HVAC services using the set of cursor buttons 302.

Referring to FIG. 4, a usage monitoring programmable
thermostat with HVAC system usage data upload capabili-
ties 1s shown. A wall mounted thermostat casing 405 1s
shown. The surface of the thermostat casing 405 can include
a liquid crystal display 401 and a set of cursor buttons 402.
The thermostat casing 405 can also include a serial port 403.
Also shown 1n FIG. 4 1s a hand held PDA 404 that can be
used to download HVAC system usage data from memory
housed within the thermostat casing 4035 via a serial port
403.

FIG. 5 depicts a software subsystem including a data
structure including a list of PINs, each of which can be
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associated with a user type, wherein each PIN represents an
HVAC system user. Each user of the HVAC system can be
identified by a PIN. PINs for all users of the HVAC system
can be stored in EEPROM that 1s housed 1n a programmable
digital thermostat. FIG. 5 shows a method of software
management that can be used with the invention to 1mple-
ment PIN restricted HVAC system control access. Each user
PIN can be stored in EEPROM as an entry 1n a data structure
of PINs 501. The 1illustration depicts a simple linked list as
a preferred algorithm for implementing the data structure of
PINs 501. It should be apparent to those skilled 1n the art that
other algorithms may be used to implement the data struc-
ture. Alternative algorithms can include doubly linked lists,
binary trees, queues, hashes, stacks, heaps, tables, and
dequeues. The data structure of PINs 501 can then be
processed by a software filter 502. The software filter 502
can associate each PIN 1n the data structure of PINs 501 with
exactly one of a plurality of user types. Therefore, each user
PIN can be associated in solitware with exactly one user
type. User types can be stored 1n a secondary data structure
503 in EEPROM. There are several methods by which each
user PIN can be associated with a user type 1n the software
filter 502. A simple method would be to give all PINs
associated with a single user type a common digit. For
example, all PINS containing a “0” 1n a least significant digit
can be associated with the user type of building owners. In
this case, a very simple software filter 502 can be designed
to associate all PINs ending in “0” with the user type of
building owners. Of course, there are other more elegant
methods that can be used to associate a user PIN with a user
type classification. Once all the PINs 1n the data structure of
PINs 501 have been associated with a user type by the
software filter 502, all the PINs associated with each user
type can be presented with access to all privileges associated
with that particular user type. Privileges associated with
cach user type can be stored in an auxiliary data structure
505 that can be passed by reference 504 to each user type
within the secondary data structure 503. Thus each user can
be presented with privileges associated with their user type,
characterized by their PIN. These privileges can be pre-
sented to users via an interactive display as indicated in FIG.
4. Of course, alternative methods can easily be used to
implement PIN restricted HVAC system control access. For
example, a lookup table containing unused PINs can be
stored locally in EEPROM and 1ssued to users at random.
When each new PIN 1s 1ssued, a microcontroller can deter-
mine the user type the PIN i1s being 1ssued to, and associate
that particular user type to the newly 1ssued PIN in memory.

Referring to FIG. 6, a schematic diagram of data struc-
tures and software processes associated with the invention 1s
shown. In particular, FIG. 6 shows a method by which
HVAC system usage data can be accrued and stored in
EEPROM housed 1n a programmable dlgltal thermostat. Of
course, the methods described herein are given by way of
example only and other implementations are possible. When
a user orders additional HVAC system services, the user can
enter their PIN on a keypad housed on the programmable
digital thermostat, and subsequently request HVAC services.
In software, the user’s PIN can be stored as an entry 604 1n
a data structure of PINs 601 (see also FIG. 5). When the user
requests additional HVAC services, a tlag can be raised in
the data structure of PINs 601, under the user’s specific PIN
entry 604. In FIG. 6, such a flag can be denoted by a “+”
sign. A microcontroller 606 can detect flags in the data
structure of PINs 601 via a internal software thread 605.
Once the microcontroller detects the presence of a flag
requesting additional HVAC services, 1t directs HVAC
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equipment such as compressors, fans, etc. to resume normal
operation rather than remain in a standby mode. When the
user completes use of additional HVAC services, the tlag can
be removed from the data structure of PINs 601. When the
microcontroller detects the removal of the flag, 1t accesses a
system clock 610 for information related to the additional
HVAC services ordered by the user. The microprocessor
then accesses a data structure of historical HVAC system
usage data 602. The data structure of historical HVAC
system usage data 602 contains accrued HVAC system
usage data for each user pin belonging to the data structure
of PINs 601. Each entry 1n the data structure of PINs 601 can
be pointed by reference 603 to an associated entry 1n the data
structure of historical HVAC system usage data. A copy of
the user’s historical HVAC system usage data 609 can then
be copied to the microcontroller 606 via a download soft-
ware thread 607. The microcontroller 606 can then update
the user’s historical HVAC system usage data by adding to
it the data passed to 1t by the system clock 610. Then, the
microcontroller 606 can write the new value for the user’s
historical HVAC system usage data to the user’s entry 609
in the data structure of historical HVAC system usage data
602 via a upload software thread 608. Thus the data structure
of historical HVAC system usage data 602 1s dynamic and
can be updated automatically by the software subsystem
described above. The data structure of historical HVAC
system usage data 602 along with the data structure of PINs
601 and corresponding reference pointers 603 can all sub-
sequently be uploaded from EEPROM on board the pro-
grammable digital thermostat to a central billing computer,
where users can be billed for additional HVAC services
according to their PIN. A potentially more eflicient method
of dynamically accruing and storing historical HVAC sys-
tem usage data for each user can involve utilizing temporary
storage systems, such as an auxiliary memory unit, 1n
conjunction with the microcontroller 606 and EEPROM.
Instead of copying and downloading historical HVAC sys-
tem usage data from the data structure of historical HVAC
system usage data 602 to the microcontroller 606, a dynamic
copy of the data structure of historical HVAC system usage
data 602 can be stored and automatically updated in the
auxiliary memory unit.

Referring to FIG. 7, a usage monmitoring HVAC control
system 1s shown. A programmable digital thermostat with on
board memory 702 can be coupled to a plurality of user
nodes 701 via interconnects 704. The interconnects 704 can
include hardwire connections, wireless connections, and
indirect connections, such as via a hand held PDA or
auxiliary computer. Boosters 7035 can also be placed on the
interconnects to 1improve communication between the user
nodes 701 and the programmable digital thermostat 702. The
programmable digital thermostat 702 can be coupled to a
plurality of HVAC equipment such as compressors, heaters,
and air conditioners (not shown). A central billing computer
703 can be coupled to the programmable digital thermostat
702.

Still referring to FIG. 7, user nodes 701 can be used to
request periods of HVAC service via the programmable
digital thermostat 702. The programmable digital thermostat
702 can direct HVAC equipment to operate according to user
requests. The programmable digital thermostat 702 can
accrue and store information regarding all such user requests
over a period of time, for example a month, after which 1t
can upload the mnformation to a central billing computer 703.
The central billing computer 703 can process this informa-
tion and subsequently bill individual users depending on the
amount of time for which they requested HVAC services.
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EXAMPLES

Specific embodiments of the mnvention will now be further
described by the following, nonlimiting examples which
will serve to illustrate 1n some detail various features. The
following examples are included to facilitate an understand-
ing of ways 1n which an embodiment of the invention may
be practiced. It should be appreciated that the examples
which follow represent embodiments discovered to function
well 1n the practice of an embodiment of the invention, and
thus can be considered to constitute preferred modes for the
practice of the embodiments of the invention. However, 1t
should be appreciated that many changes can be made in the
exemplary embodiments which are disclosed while still
obtaining like or similar result without departing from the
spirit and scope of an embodiment of the invention. Accord-
ingly, the examples should not be construed as limiting the
scope of an embodiment of the invention.

An embodiment of the mvention can comprise a system
that includes one or more programmable thermostat(s). The
system can include the following elements: one or more
programmable digital thermostat(s) (PDTs) for installation
in environmental areas to be controlled and monitored; one
or more personal computers (e.g., IBM-compatible) and/or
hand held personal data assistants used as a Data Collection
Devices (DCDs) to read data from the programmable digital
thermostats; and one or more software program(s) that allow
the data collection device(s) to upload and download data
to/from the programmable digital thermostat(s)

The programmable digital thermostat 1s designed to
replace existing thermostats while adding new functionality
to control and monitor energy usage. The programmable
digital thermostat uses PINs to prevent unauthorized persons
from changing the thermostat settings, and saves into non-
volatile memory a record of every change 1n setting that 1s

made, recording up to 1,000 changes belore previous
records are overwritten.

The programmable digital thermostat can be configured
via multiple menus having controlled access. An authorized

user can set different access levels (0-9) for different menus.
The different access levels can be set via a SET MENU

LEVELS menu

Both heat and cool temperature set points can be pro-
grammed for two or four events per day for each day of the
week. The selection of the number of available events per
day can be made via a SYSTEM menu. Minimum and
maximum program temperatures can be in the range from 50
F to 95 F.

At any time, authorized persons can override programmed
temperature settings up to a programmable limit (x0 F to £9
F) for a predetermined, but not programmable duration.
Only when outside working hours, authorized persons can
override programmed settings for a programmable duration,
causing the thermostat to control the environment to prede-
termined settings for working hours. The two {features
described 1n this paragraph are separate and independent.
Authorized persons can override automatic fan operation,
forcing the fan to continuous “on”, for a programmable
duration from 2-9 hours.

Up to 12 specific dates i a year, “holidays™, may be

programmed 1n advance to provide a programmable standby
environment on those dates, with the same environment for
all dates.

A 2 line, 16-character per line, reflective, alphanumeric
liquid-crystal-display (LCD) allows easy programming and
clear display of parameters. The display 1s not lighted.
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Settings and a log of “actions” are kept in non-volatile
memory and are not lost upon power failure. Override data
are stored 1n volatile RAM and are lost upon power failure.
No dipswitches are used. All user-changeable parameters are
settable via the control panel. The Actions Log records at
least 1000 “‘actions” before automatically overwriting the
oldest actions.

All electronics are powered by 24VAC supplied by the
external HVAC equipment. No battery 1s required. For
normal operation both the common and return leads from the
system transformer should be connected to the thermostat.
Limited operation of single-stage split (separate heat/cool)
systems only 1s available for systems that do not provide the
“common” transformer connection by “stealing” current
through either the W1 or Y1 relays (whichever i1s not
currently energized).

A real time clock integrated circuit with crystal keeps
time. A large capacitor (double-layer) stores energy during
normal operation to sustain clock operation for at least 72
hours when AC power 1s lost. As with all crystal-controlled
clocks, there will be some error in the clock rate and the
clock will need periodic resetting for best accuracy. For
installations that have a dependable AC power source (1.e.
tew power outages) with the frequency of that source closely
controlled (virtually all of the U.S.), the SYNCHRONIZE
CLK menu provides a hardware, firmware and/or software
for overcoming this clock drift. See the description of that
menu for details.

The programmable digital thermostat can interface with
an IBM-compatible PC via a bi-directional RS-232 port to
retrieve the stored usage data or to download/upload oper-
ating parameters.

Up to 10 PIN’s (Personal Identification Numbers) may be
assigned to control access to parameter-changing menus.

Operation 1s restricted to Fahrenheit degrees.

The programmable digital thermostat can support 35
modes of operation: Ofl, Standby, Heat, Cool, and Auto.

Anticipation 1s adaptive and automatically set. Differen-
tial 1s programmable 1 0.25 F increments from 0 F to
+2.25 F.

A Copy function facilitates entering program data for days
having similar programs.

Referring to FIG. 10, a socketed, reprogrammable,
FLASH-ROM based microcontroller 1020 allows for easy
code updating. This microcontroller 1020 1itself provides
EEPROM storage that 1s used for parameter storage and
FLASH memory that 1s used for program and Actions Log
storage.

An optional “Remote Sensor” assembly allows placement
of the temperature sensor up to 75-feet (cable length) away
from the programmable digital thermostat.

An optional, mternal relative humidity (RH) sensor 1s
available to control humidity by choice of low or high fan
speeds during a cooling cycle.

Programmable alerts (0-12 months) remind the user to
check humidifiers and air filters.

The programmable digital thermostat can support both
type O and type B changeover valves for heat pumps.

The programmable digital thermostat can control up to 3
stages of heating and 2 stages of cooling for both split and
heat pump systems. Alternatively, the 3" stage of heating
may be configured to call an alternate heating system for
emergency heat.

The programmable digital thermostat can be housed 1n a
2-piece, snap-together, molded plastic case. The back half of
the case 1s to be permanently attached to a wall, with the
HVAC wires attaching to screw-terminals within the back
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half. The thermostat printed circuit board 1s attached to the
removable cover of the case. Electrical connections are
automatically made when the front half 1s snapped onto the
back half of the case. The LCD and control switches are
accessible from the front of the unit through the cover. A
hot-stamped logo 1s applied to the front cover to provide
thermostat identification. No auxiliary cover 1s provided to
hide the LCD, control switches, or labeling.

To prevent too-rapid cycling of HVAC equipment during
times of power interruption, the programmable digital ther-
mostat can power up with a time delay 1n effect; the length
of the delay 1s the same as that set with the MIN ON/OFF
TIME menu. During this delay, thermostat control operation
1s 1nhibited, but the user interface remains active. The user
can implement the menus to view and change parameters but
the thermostat will not begin controlling the external HVAC
equipment until the delay expires.

When the programmable digital thermostat 1s set to any
Menu other than “Main Menu”, control operation 1s 1nter-
rupted. During this time all relays will remain 1n whatever
state (on or ofl) they were 1n when the Main Menu was
exited. After a period of mactivity (no buttons pressed) of
approximately one minute, the system will reset itself to the
“Main Menu” and normal control will resume. It 1s recog-
nized that a skillful and devious user could cause the relays
to remain 1n this state indefinitely by continuing to press a
button oftener than once a minute without returning to the
Main Menu.

Operation 1s based upon selecting a Menu from those
listed below using the “up” and “down” buttons after the
cursor has been placed in the leftmost position using the
“left” button. The contents of the display vary with each
Menu. Note that the ability to view and use each Menu 1s
restricted to those persons having appropriate PIN Levels.
The following 1s a list of the menus indicating in parentheses
the relevant paragraph to see for further information. The
menus are listed i the order they will appear using the
“down” button, progressing from the MAIN menu.

Menus
MAIN

ENTER PIN

ADD WORK HRS

ADD FAN ON HRS

NUDGE LIMIT

CLOCK

MODE

PROGRAM

STANDBY TEMPS

STANDBY DAYS

SYNCHRONIZE CLOCK

SYSTEM

DIFFERENTIAL

FAN MODE

MIN ON/OFF TIME

NEXT STAGE ERROR

TEMP SENSOR CAL

SENSOR LOCATION

USE LOW FAN ABOVE

USE EMERGENCY HEAT?

HUMIDIFIER ALERT

AIR FILTER ALERT

ASSIGN PINS

SET MENU LEVELS

SERIAL NUMBER

Using the Display to Select Menus and Parameter Values:

Move the cursor to the leftmost display character using
the “Left” button; this 1s the “home” position. Then use the
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“Up/Down’ buttons to select the desired Menu. The display
content will change as described i the Menu descriptions 1n
following sections. Within a menu the “Left/Right” buttons
are then used to place the cursor at the position of data to be
changed. After placing the cursor, use the “Up/Down”
buttons to select the desired data value.

Saving Data Changes:

For all menus that reference non-volatile data, the data 1s
saved 1n RAM alone as the displayed values are changed and
1s copied to EEPROM only when the programmable digital
thermostat 1s returned to 1ts MAIN menu. During the copy
to EEPROM, every data item 1s checked for change; 1f a
change has occurred (smce the last copy to EEPROM), an

“action” 1s recorded 1n FLASH memory to document the
change. For all menus that reference volatile data, the data
1s saved 1n RAM alone as the displayed values are changed,;

TOP
BOTTOM

this data 1s not copied to EEPROM. Non-volatile data
includes the currently active PIN, the duration of ADD

WORK HRS, the duration of ADD FAN ON HRS, and the

amount of “nudge” currently applied to the set points. Clock
data (date/time) are not stored to EEPROM but do have

some non-volatility due to the backup power provided for
the clock.

The following sections describe each Menu and the
associated display. In the “Display” tables, the top row
shows the display character number and the next two rows
show a typical display. The “TOP” and “BOTTOM” lines of
the display are labeled. Below each “Display™ table 1s
“Parameters”™ table showing the parameters and values that
may be displayed at specific locations identified by line
(TOP/BOTTOM) and character number (01-16). A
“Description” section provides further information for each
menu.

Which Menus are Displayed and the Order of Display:

Whether a particular menu 1s displayed or not depends on
the system configuration that has been set using the SYS-
TEM TYPE menu, the PIN Level that has been granted
using the ENTER PIN menu, and the current time. See also
the SYSTEM TYPE and ASSIGN PINS menu for further
information. When menus are displayed, they are displayed
in the order shown 1n section 2.3.2 above.

Automatic Return to Main Menu

If no buttons are pressed for a period of approximately 60
seconds, the thermostat will automatically reset 1tself to the
Main menu and normal operation will resume. If at the time
of automatic return, the user has left the cursor within a
menu (1.e. not returned to the leftmost home position),
changed data may or may not be retained (depending on the
specific menu) after the automatic return. Therefore, 1t 1s
advised that the user manually return the programmable
digital thermostat to the Main menu when the user has
finished using the other menus.

Measuring Time

Although the internal clock may be set to the nearest
minute via the CLOCK menu, all other clock and time
operations are based on a 15-minute interval time system (4
intervals/hour) beginning at midnight. Some examples of
internal time are:

Midnight (12:00 AM)=0 time

12:14 AM=0 time
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12:15 AM=1 time
12:29 AM=1 time
12:30 AM=2 time
1:00 AM=4 time
08:00 AM=32 time
03:10 AM=32 time
11:59 PM=95 time

The coarseness of this time system leads to some non-
obvious results. For example, 1f the ADDHRS menu 1s used
to override temperature set points for 2 hours beginning at
5:10 AM (20 time), then the override will automatically
terminate at 7:15 AM (when time becomes greater than 20

time+8 time; that 1s, at 29 time), a duration of 2 hours and
S minutes.

MAIN Menu
Display:
02 03 04 05 06 07 08 09 10 11 12 13 14 15 16
E A T 6 8 - 7 &8 F 7 8 F
S T A T - # C K H U M I D
Parameters:
Display
Location Parameter Allowed Values
TOP-01 Mode OFL, STBY, HEAT, COOL, AUTO
BOTTOM-02  Active operation COOL-2, COOL-1, C-IDLE, H-
and stage IDLE, HEAI-1, HEAT-2, HEAT-3,
H-EMRG
TOP-07 Temperature Set  Min Temp-Max Temp, 50-95 L., as
Range set in PROGRAM menu.
May be “Nudged” +/-.
BOTTOM-09  Alternating alerts CONT FAN, CK FILTER, CK
HUMID, or blank 1mn sequence
at 5-sec intervals.
TOP-14 Current Temp 50-95 L.
Description:

i

T'his menu 1s available to all users at all times.
This menu 1s shown at power-up. The thermostat should
be set to this Menu for normal operation.

In all other menus, 11 no buttons are pressed for a period
of 60 seconds, the thermostat will automatically reset itself
to this Main menu, with the cursor at the home position, and

normal operation will resume.

See the Description of the AIR FILTER ALERT and
HUMIDIFIER ALERT menus for details on setting check
intervals and clearing the alerts. The alerts remain active
until cleared.

If the user has an approprate access level (see MENU
LEVELS menu), the cursor may be moved to the “nudge”
(TOP-07) position. At that position the UP/DN buttons may
be used to raise or lower (1.e. “nudge”) both the cool and heat
set points simultaneously, within a + range set with the
NUDGE LIMIT menu. This action temporarily overrides the
limits set with the PROGRAM or STANDBY TEMPS
menus. The min/max limits of 50 F/95 F are enforced. The

override will expire when the current time becomes
“standby time” (rather than normal or “work hours™), when
power 1s lost, or when the day ends (midnight). An Action
1s not recorded to FLASH memory when the “nudge”
function 1s used.

The cursor should be at the home position to advance to
the next menu.
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ENTER PIN Menu
Display:
01 02 03 04 05 06 07 08 09 10 11 12
TOP E N T E R P I N
BOTTOM _ # #  #  # #
Parameters:
Display Location Parameter Allowed Values

BOTTOM-02 PIN Value 00000-65535

Description:
This menu 1s available to all users at all times.
A user may enter a S-digit PIN that has been assigned a

PIN LVL (level) using the ASSIGN PINS menu. E

Each menu

1s assigned a specific minimum PIN LVL for access; 1f a user
enters a PIN with a suitable PIN LVL assigned, the user will
be able to access the menu. See the ASSIGN PINS menu for
more mformation on PINS and PIN LVL’s. See the SET
MENU LEVELS menu for information about assigning PIN
LVL’s to specific menus.

If an unassigned PIN 1s entered and saved (by moving the
cursor to home), the message “INVALID, WAIT!” will be
displayed and the thermostat will not respond to further
button presses for a period of 15 seconds. This feature 1s
intended to discourage persons from trying to discover a
valid code by trying successive numbers. It should be noted
that a determined user could ultimately discover all PIN’s by
the method of trying each number from 00000-65335 in
order, waiting 15 seconds after each invalid entry.

The thermostat will force entered values greater than
65535 to 00000 and thereby deny access to controlled
menus . . . unless 00000 has been assigned a PIN Level
greater than 1 (not recommended).

If a valid PIN 1s entered and the cursor moved to the
“home” position, the user may then use the “up” and “down”
buttons to navigate among the menus. If no button 1s pressed
for 1 minute, operation will automatically revert to the Main
menu and the PIN will be canceled, allowing access only to
Level 0 menus. A PIN can be canceled only by this auto-
matic timeout or by using this menu to set an invalid PIN.

An Action 1s recorded to FLASH memory whenever a
PIN 1s entered, whether the PIN 1s valid or invalid.

Special Procedure to be Used when PIN’s are Not Known

A user could lose access to the ASSIGN PIN and MENU
LEVELS menus, both of which require a LVL of 9 {for
access, by (1) failing to assign a LVL 9 to at least one PIN
or (2) forgetting or losing the value of the PIN (or PIN’s) that
has LVL 9 access. To recover from such a situation, the
following scheme 1s 1implemented:

To force LVL 9 when appropriate PIN’s are not known,
the user should contact the vendor for instructions that wall
be similar to the following.

1. Read and understand these instructions completely
before proceeding. During contact with the vendor, 1t
will be most convenient i1 the user 1s near the program-
mable digital thermostat to perform tasks as instructed
by vendor.

2. The procedure described will temporarily assign LVL9
access to the user. With that temporary access the user
should use the ASSIGN PINS menu to permanently
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. With the

. Tell vendor the value of the displayed SEED PIN. The

16

assign LVL9 access to at least one PIN. Review use of
the ASSIGN PINS menu before proceeding

15 16

3. Note that the programmable digital thermostat waill

automatically cease current operation and revert to
MAIN menu operation 1f no button 1s pressed for one
minute. Once user begins the procedure below, user
should press buttons often enough that this automatic
timeout does not activate; otherwise user should repeat
the procedure from the beginning until user success-
fully complete the procedure without a timeout.

. Contact vendor, 1dentity user and user’s programmable

digital thermostat (e.g., by Serial Number).

ENTER PIN menu, using the UP/DN/RT/LT
buttons display the PIN *“45678”. Do not return the
cursor to the left home position. Instead, once the
correct PIN 1s displayed, hold the RIGHT button
depressed until the display changes to a different PIN
(the SEED PIN); this may take up to 15 seconds. As
soon as the new PIN 1s displayed, release the RIGHT
button. (At this time the programmable digital thermo-

stat will calculate and save in RAM, but not display, an
encrypted version of this SEED PIN as the final KEY

PIN.)

automatic 1-minute timeout 1s bypassed while the
SEED PIN 1s displayed; user may leave the PIN
displayed as long as desired (although all other func-
tions of the programmable digital thermostat are
unavailable during this time!). This SEED PIN value
will remain fixed until the user actually uses the final
KEY PIN described below. During that successtul use
of the KEY PIN, the programmable digital thermostat
will change the SEED PIN value. The user cannot set
the SEED PIN, preventing its reuse. Alternatively, not
changing the SEED PIN right away, or at all would
enable reuse of the KEY PIN either for a controlled
time period or indefinitely.

. Vendor will then provide user with a final KEY PIN

(The final KEY PIN was calculated and saved as
described above.) that will remain valid until the auto-
matic 1-minute timeout occurs or until the program-
mable digital thermostat loses power. If user enters an
invalid KEY PIN user should repeat this procedure
from the beginning. Before entering the KEY PIN (in
place of the displayed SEED PIN), the user should
review their intent since the automatic 1-minute tim-
cout will again be 1n effect once the user enters the PIN.
Specifically, does the user wish to (1) find the missing
or forgotten PIN information, (2) assign a LVL 9 to an
existing PIN, or (3) assign a new PIN with LVL 97
When ready, simply enter the KEY PIN 1n place of the
already displayed SEED PIN. Then move the cursor
tully to the left to 1ts home position. The programmable
digital thermostat will automatically display the
ASSIGN PINS menu. The user will have LVL 9 access
until (1) the automatic 1-minute timeout occurs, or (2)
power 1s lost. It 1s important to remember the user, as
well as anyone else, will continue to have LVL 9 access
until the user either (1) allows the 1 minute 1dle timeout
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to occur or (2) the user implements the ENTER PIN
menu to enter a PIN having some other access LVL.
8. If for any reason, the user fails to successtully achieve
their intent, the user should contact vendor again as the
KEY PIN provided to the user will work only one time!
The programmable digital thermostat creates and main-
tains 1n non-volatile memory a non-repeating “key”. This
key and the programmable digital thermostat serial number
are used to encrypt PIN’s. After each successiul use, the key
1s automatically changed; of course the Serial Number
remains unaltered.
Vendor will be provided with a mathematical formula for
encrypting PIN’s. It 1s the responsibility of vendor to protect
this formula against knowledge by unauthorized personnel!

10

The KEY PIN could also use (1) the date/time values of 15

the 1nternal clock or (2) a fixed number other than a serial
number embedded within the code of the thermostat or (3)
a variable number derived from any or all of the parameter
values set within the thermostat. That 1s, the KEY PIN could
use any i1dentifying information predetermined or derived
from the code or memory or other hardware devices of the

thermostat.
ADD WORK HRS Menu

Display:
01 02 03 04 05 06 07 08 09 10 11 12
TOP A D D W O R K H R S
BOTTOM _ # H R S
Parameters:
Display Location Parameter Allowed Values
BOTTOM-02 PIN Value 00000-65535
TOP
BOTTOM
Description:

This menu 1s available only to authorized users, only

when EV/DY=2 1n the SYSTEM menu, and only during
Standby Hours.

When available (see proceeding), this menu provides an
override to the temperature set points entered via the PRO-
GRAM menu. The first programmed time-event of each day
1s taken to be the start of “work hours” and the programmed
temperature range for that time-event 1s taken to be “work

temperatures.” The ADD WORK HRS menu forces the

system to control to “work temperatures” during non-work
hours. The override begins at the time the user sets a
duration via this menu and ends when (1) the duration has

expired, (2) the current time reaches midnight, (3) a change
1s made 1n either the MODE or SYSTEM menus, (4) the
current time changes to “work hours”, or (35) there 1s loss of

power. The programmable digital thermostat does not pre-
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vent entry of a value that extends beyond one of these
termination conditions but termination will occur as

described regardless of entered duration. An Action will be

recorded upon termination, except 1n case of loss of power.
If a duration has not yet been entered or any previous

duration has expired, the menu will display a value of 0

HRS, and the menu may be entered by moving the cursor
away ifrom the leftmost position; the menu cannot be re-
entered once a duration has been set. Immediately upon
entering this menu, the duration value will change to 3 HRS,

and the user may then choose a value from 2-9 hours. The

user cannot select a value less than 2 hours, nor reset the
value to O hours! Note that time 1s measured 1n 15-minute
increments (see Measuring Time 1n the Description section

above). If the user does not want to enter at least a 2 hours

override, do not move the cursor away from 1ts home
position.

An Action 1s recorded to FLASH memory anytime the
ADD WORK HRS menu i1s entered, even 1f the Access Level

14 15 16

for the menu has been set to 0 (see SET MENU LEVELS

menu). Further, an Action 1s recorded whenever ADD
WORK HRS terminates due to any of the conditions listed
above except for loss of power.

ADD FAN HRS Menu

Display:
02 03 04 05 06 07 08 09 10 11 12 13 14 15 16
D D F A N O N H R S
# H R S
Parameters:
Display Location Parameter Allowed Values
BOTTOM-02 Duration (hours) 0, 2-9
Description:

This menu 1s available at all times only to authorized
users.

This menu provides an override to normal fan operation,
forcing the fan mto Continuous On operation for the speci-
fied duration. During this override, the high-speed/low speed
fan 1s called as during normal fan operation (seethe USE LO
FAN ABOVE menu). The override begins at the time the

user sets a duration and ends when (1) the duration has

expired, (2) the current time reaches midnight, (3) a change
1s made 1n either the MODE or SYSTEM menus or (4) there

1s a loss of power. The programmable digital thermostat does

not prevent entry of a value that extends beyond one of these
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termination conditions but termination will occur as
described regardless of entered duration. An Action will be
recorded upon termination, except 1n case of loss of power.
If a duration has not yet been entered or any previous

duration has expired, the menu will display a value of O

HRS, and the menu may be entered by moving the cursor
away from its home position; the menu cannot be re-entered
once a duration has been set. Immediately upon entering this
menu, the duration value will change to 3 HRS, and the user

may then choose values from 2-9 hours. The user cannot set
a value less than 2 hours, nor reset the value to 0 hours. Note

that time 1s measured 1n 15-minute increments (see Mea-

TOP
BOTTOM

TOP
BOTTOM

20

suring Time 1n the Description section above). If the user
does not want to enter at least 2 hours override, the user

should not move the cursor away from 1ts home position!

An Action 1s recorded to FLASH memory anytime the
ADD FAN ON HRS menu 1s entered, even if the Access

Level for the menu has been set to 0 (see SET MENU
LEVELS menu). Further, an Action 1s recorded whenever

0
ADD FAN ON HRS terminates due to any of the conditions

listed above except for loss of power.

NUDGE LIMIT Menu

Display:
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16
N U D G E L I M I T
+ f - # F
Parameters:
25
Display Location Parameter Allowed Values
BOTTOM-05 NLimit +/-0-9 E.

3o Description:

Sets a = range that limits the temporary temperature

override function (“nudge”) 1n the MAIN menu.
CLOCK Menu

Display:
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16
C I K D ) T § 4 . 1 2 A M
\Y%! O A U G 1 5 : 2 § § 3
Parameters:
45
50
Display
L.ocation Parameter Allowed Values
TOP-07 DST DST, STD
TOP-10 Hours 01-12
33 TOP-13 Minutes 00-59
TOP-05 DST DST or STD
TOP-15 AM/PM AM or PM
BOTTOM-02  Day-of-the-week MO, TU, WE, TH, FR, SA, SU
BOTTOM-05 Month JAN., FEB., MAR., APR..
MAY, JUN., JUL., AUG.,
60 SEP., OCT., NOV., DEC.
BOTTOM-09  Day-of-the-month 01-31
BOTTOM-13 Year 2000-2099
Description:
65

This menu 1s available at all times only to authorized
users.
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Allows user to set the clock (to nearest minute), including
date and day-of-week.

The clock may be automatically reset twice a year at the
legally specified dates (see following) and times to 1imple-
ment Daylight Savings Time by setting DS'T. Setting STD
prevents the automatic clock reset. Typically, the specified
dates and times will include: (1) the first Sunday 1n April, at

2:00 AM . . . the RTC will be reset with hours+1; and (2) the
last Sunday 1n October, at 2:00 AM . . . the RTC will be reset
with hours-1.

MODE Menu

Display:
01 02 03 04 05 06 07 08 09 10 11 12

TOP M O D E

BOTTOM A u T O

Parameters:

Display Location Parameter Allowed Values

BOTTOM-02 Mode OFF, STBY, COOL, HEAT, AUTO.
TOP
BOTTOM

Description:

This menu 1s available at all times only to authorized

users.

User may set the operating mode:

OFF—the HVAC system 1s set ofl and no temperature
control occurs; the MAIN menu continues to display
current temperature and other information.

STBY—same as AUTO except system controls to tem-

peratures set i the STANDBY TEMPS menu, rather
than to those set in the PROGRAM menu.

HEAT—only the heating capabilities of the HVAC system

will be used.

COOL—only the cooling capabilities of the HVAC sys-
tem will be used.

AUTO—the thermostat will automatically select cooling
or heating capabilities as necessary to maintain the
MIN and MAX temperatures shown in the MAIN menu
and set via the PROGRAM menu below).

AUTO and STBY modes operate as follows. For instruc-
tive purposes assume a SPLIT system with single stage heat
and cool, and assume that the minimum and maximum
temperatures have been set equal, e.g. 78 F. Also, for
instructive purposes, ignore the eflect of anticipation. Let
operation begin (e.g. power up) with the ambient at 78 F.
Neither heating nor cooling will be called (1.e. no relays
closed). Let the ambient temperature rise. When the ambient
reaches “maximum+diferential+IF”, a call for cooling waill
be 1ssued. The ambient temperature will gradually fall until
it reaches “maximum-diflerential”, at which time the call
for cooling will be removed. The ambient temperature will
again rise and when it reaches “maximum+difierential”,
cooling will again be called. This cycle continues with the
temperature constrained within the range “maximum-—dit-
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ferential” to “maximum+diflerential.” Note that the “+1 F”
factor was eflective only for the first cooling cycle; there-
after the limits were “maximum=difierential.” Let the ambi-
ent temperature now fall (naturally, not due to the HVAC
cooling). When the ambient first fails to reach “maximum+
differential” the system will remain off, with no calls for
heating or cooling. As the temperature falls 1t may eventu-
ally reach “mimimum-ditferential-1 F”” at which time a call
for heating will be 1ssued. The ambient will then rise and
when it reaches “minimum+difierential”, the call for heating
will be removed. The ambient will then again fall until 1t
reaches “minimum-differential” at which time the call for

14 15 16

heating will be remstated. This cycle continues with the

temperature constrained within the range “minimum-—difier-
ential” to “mimimum+diiferential.” Note that the “-1 F~

factor was eflective only for the first heating cycle; thereatter

the limits were “minimuma=difterential.”
PROGRAM Menu

Display:
02 03 04 05 06 07 08 09 10 11 12 13 14 15 16
R O G M O # 1 C P Y 7 N
H H : M M A M #H H F - H H F
Parameters:

Display Location Parameter Allowed Values

TOP-06 Day-of-week MO, TU, WE, TH, FR, SA, SU
(DOW)

TOP-09 Event Number 1-2 or 1-4 (selected with SYSTEM
menu)

TOP-16 Copy “Y” or “N” (Yes or No)

BOTTOM-02 Event Begins 00:00 AM-11:45 PM in 15-minute
steps

BOTTOM-10 Set Temp Range Min-Max, (50 E.-95 L)

Description:

This menu 1s available at all times only to authorized
users.

This menu allows a user to set the beginning times when
specific temperature control ranges (minimum to maximum
temperatures) become eflective. These beginning times are
termed “events”. The number of settable events per day 1s
selected 1n the SYSTEM menu to be either 2 or 4 events per
day. The times of the events are independently program-
mable for each day of the week. For each event, the user sets
a beginning time and a minimum and maximum tempera-
ture. The maximum should be equal to or greater than the

minimum, and the range should be within the limits of 50
F-95 F.

Each 2-event day 1s divided in time as follows:

00:00 AM—day begins within Event #2 from previous
day

Event #1 begins

Event #2 begins
12:59 PM—day ends within Event #2 of current day
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Each 4-event day 1s divided 1n time as follows:
00:00 AM—day begins within Event #4 from previous
day
Event #1 begins
Event #2 begins
Event #3 begins
Event #4 begins
12:59 PM—day ends within Event #4 of current day
The time prior to Event 1 and the time following the final
event of the day (Event 2 or Event 4) 1s considered to be
“standby” time. The temperature control range for time prior
to Event 1 (1.e. between midnight and Event 1) 1s set to be

TOP
BOTTOM

the same as that set for the final event of the same day. For
example, for a 2 event per day setup, prior to the first event
time—that 1s, between midmght and the first event—the
temperature range 1s taken to be the range specified with
cvent 2 (the final event) of the same day. “Standby” time 1s
also set when an entire day 1s specified as a standby day
using the STANDBY DAYS menu. However, 1n this case,
the temperature control range 1s taken to be that specified
with the STANDBY TEMPS menu. Likewise, when MODE
1s set to STBY, the temperature control range 1s that specified
with the STANDBY TEMPS menu.

It “CPY?” (Copy) 1s set to “Y” (yes) when the DOW 1s

changed, then all events data for the present DOW will be
copied to the new DOW. Thus, a convenient method of
operation 1s to first set all Monday events, set CPY? to Y, and
then repeatedly increment the DOW to Friday, setting the

TOP
BOTTOM

event data to be the same for Monday through Friday. Then
set CPY? to N before advancing to set Saturday events. It 1s
permissible to have duplicate data for succeeding Events,
but the Events should be in chronological order. That 1s,
Event #2 should start at a time equal to or after Event #1, etc.
If duplicate times are entered with different temperature
ranges, the higher-numbered Event temperature range will
prevail.

Special Note regarding programming for 2 Event/Day
systems:

A problematic situation can arise under the following

circumstance. Assume that the PROGRAM menu has been
used to set an Event 1 temperature range of 50 F-95 F (or
other “standby” range) for Saturday and Sunday; that is,
these days are being considered as non-work hours. Now let
the ADD WORK HRS menu be used to convert some time
on Saturday (or Sunday) from non-work to work hours. For
the override temperature range the programmable digital
thermostat will use the Event 1 range for Saturday (or
Sunday). But this range 1s not suitable for work hours. The
solution 1s to program Saturday’s (and/or Sunday’s) Event 1
to have a desired work temperature range (e.g. 68 F-78 F)
and to program Event 2 to a desired standby, non-work,

temperature range . . . making the Event times the same. For

10

20

25

30

01

45

50

55

60

65

24

example, let Saturday’s Event 1 be 01:00 AM, range 68 F-78
F, and let Event 2 be 01:00 AM, range 350 F-95 F. Under
non-override conditions the programmable digital thermo-
stat will select the 68 F-78 F operating range for a duration
of 0 minutes, eflectively preventing 68 F-78 F operation.
When an override 1s 1n effect (e.g. via the ADD WORK HRS

menu), the programmable digital thermostat will select the
Event 1 operating range-regardless of the time setting—and

this will yield an acceptable operating range.
STANDBY TEMPS Menu

Display:
02 03 04 05 06 07 08 09 10 11 12 13 14 15 16
T A N D B Y T E M P S
5 o F - 9 5 F
Parameters:
Display Location Parameter Allowed Values
BOTTOM-02 Temp range during 50° E-95 L
Standby Days
Description:

This menu 1s available at all times only to authorized
users.

Sets the Minimum and Maximum temperature limits for
operation during Standby Days and when MODE 1s set to
STBY. See also the MODE and PROGRAM menus for
further information.

STANDBY DAYS Menu

Display:

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16
T A N D B Y D A Y S

#H g 1 J A N § 1
Parameters:

Display Location Parameter Allowed Values

BOTTOM-03 Number 01/12

BOTTOM-06 Month Jan., Feb., Mar., Apr., May, Jun., Jul., Aug.,
Sep, Oct, Nov, Dec

BOTTOM-10 Day 01-31

Description:

This menu 1s available at all times to authorized users.

Sets up to 12 days as Standby Days/Holidays. For these
days temperatures are controlled to the limits set with the
STANDBY TEMPS menu. Standby Days are numbered
from 1 to 12 but need not be i chronological order. Note
that the Year 1s not stored. Thus, days that recur on the same
date each year need not be reset each year. Other holidays
should be re-entered each year. To prevent standby operation

for a specific Standby Day number, set a non-valid date, e.g.
FEB 31.
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SYNCHRONIZE CLK Menu
Display:
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16
TOP S Y N C H R O N I Z E C L K ?
BOTTOM Y E S
Parameters: 10 1s easily accessible within the device/instrument/appliance.
Thus, the mvention can include a synchronize clock func-
tion.
Display Location Parameter Allowed Values For instance, consider an appliance that incorporates a
ROTTOM-0? CT KSYNCEH VES or NO clock that derives 1ts timing signal from a direct-current
1> powered oscillator and consider that the time of this clock
_ can be set or amended by the use of appropnate circuitry.
Description: . . .
. . . . . Further, consider that the AC power line voltage 1s acces-
This menu 1s available at all times to authonized users. It . .. . . . ,

. . . . sible as a timing signal within the appliance, but that the
determines whether the Clock 1s automatically adjusted . S . ,
daily according to an internal counter of the power line zero 20 clock derives its tming from the oscillator. When the
cros};in . - P oscillator-derived clock reaches a specific value, let that time

25 . . 3 . . value be saved as the “base” time and let an independent

Many devices/instruments/appliances  (“appliances™) . . . . .
. . C e . clectronic counter immediately begin counting the fre-
incorporate an electronic clock to maintain “current time and . .
,y - . . . . . quency of the AC power line. When the independent counter
date” information for use 1n regulating various actions. For h . . .
. . . »5 has counted for a definite elapsed time, determined from the
example, clock radios sound an alarm at a specific time; .
. . frequency of the AC power line, (1) let the counter be reset
programmable electronic thermostats turn HVAC equipment . . . .
. . . . to begin counting the same elapsed time again and (2) let the
on and off on specific days and at specific times; ovens, . .
. . . clock be reset to a value that 1s equal to the elapsed time, as
washing machines and other common appliances can be set .
. . . . measured by the power line frequency counter, added to the
to begin or end operation at specific times. There are : : ‘ s
lock han; for th ¥ Thi 30 base time. Let this new clock value be saved as the “base
numlfr OUs Cdoc‘ me; aplsmg o dfase ApPpHANCLS. (81 time. As the sequence repeats, the clock will be periodically
MECHdilsm derves the ime from a 1.rect-cu'rre.-nt powere reset to a value equal to its “base” value plus the elapsed
oscillator (electronic or elecj[romechamcal) within the appli- time measured by the counter. The result of this continuing
ance; the battery of Oth?r direct-current power SOUICC does sequence will be that the clock accuracy becomes equal to
not embody a timing signal. Unfortunately this oscillator 35 the accuracy of the power line frequency. Although the
commonly exhibits errors 1n timing accuracy that eventually initial “base” time may be in error, unless the user has
lead to substantial cumulative timing errors. previously set the clock to the current correct time, no
One previous approach to reducing errors 1n timing accu- further clock error accumulates due to the error of the
racy and reducing cumulative timing errors 1s to improve the oscillator; rather, any error that accumulates during each
quality of the oscillator to maintain better stability of 1ts 40 elapsed time 1s eliminated at the end of that time by the
frequency. For example, in wristwatches the use of high- resetting of the clock. The only error remaining 1s due to the
quality components, careful design and manufacture, and the frequency error of the power line and this error 1s extremely
adjustment of the frequency of every watch allows better small. The oscillator-derived clock will 1indicate an instan-
timing, but still not so accurate as can be obtained by taneous jump at the time of the resetting; the jump may be
deriving the timing from the AC power line. However, this 45 forward or backward in time by the small amount of the
approach of improving the oscillator typically adds costto a error. For many appliances this jump will be of no conse-
product that contains the improved oscillator and can also quence. As an example, assume the current time according
increase the operating power requirement of the oscillator so to the oscillator-derived time has just reached 1:39:35 AM
that powering the oscillator from a battery or charged (hr:min:sec format); this 1s an arbitrary time. Save this
capacitor 1s no longer acceptable. 50 “base” time. Let the counter be arranged to count an elapsed
Another previous approach to reducing errors in timing time of exactly one hour, as determined by the AC power
accuracy and reducing cumulative timing errors 1s to provide line frequency. Start the counter now to terminate 1n one
two timing mechanisms, namely one deriving from an hour. At that time, the oscillator-derived clock may indicate
error-prone oscillator and another more accurate mechanism 3:00:05 AM, or any other time that has a [small] error due
deriving from the AC power line. Circuitry within the 55 to the inaccuracy of the oscillator frequency during the
appliance must select the appropriate time source depending clapsed hour. Reset the oscillator-derived clock to the “base™
on whether AC power 1s available or not. In addition, the time plus the elapsed time; that 1s, 2:59:55 AM. As the
oscillator mechanism must be kept synchronized with the sequence repeats, there will be no cumulative error beyond
AC power line dertved mechamism. However, this approach that of the AC power line frequency. In some appliances, for
can be both complicated and costly. 60 example as described in the specific implementation below,
What 1s needed 1s a solution that reduces errors in timing, the mechanism 1s more easily implemented 1f the time when
accuracy and cumulative timing errors that does not does the sequence begins 1s controlled, rather than arbitrary.
significantly 1ncrease cost, power consumption or complex- A preferred embodiment of the synchronize clock func-
ity. The mnvention can include such a solution that 1s based tion will now be described. An integrated-circuit real-time
on the combination of a clock mechanism and a common 65 clock (RTC) derives time from its contained oscillator. A

source for an accurate timing signal, for example the AC
power line 1in the U.S. and other industrialized societies, that

direct-current (DC) voltage having no timing signal (com-
ponent) powers the real time clock. The alternating current
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(AC) power line signal 1s available and its frequency can be
counted by a microcontroller within the device/instrument/
appliances, 1n this embodiment, a programmable thermostat.
This microcontroller can read, save, and set the time of the
RTC. The thermostat provides a parameter via the “SYN-
CHRONIZE CLK?” menu that allows a user to enable or
disable this feature. Assume that the parameter has been set
to enable clock synchronization. Further, assume that the
CLOCK menu has just been used to set the current time. As
the user exits the CLOCK menu, the clock 1s set, and a flag
(token) 1s set to false to indicate that the synchronization
sequence should be restarted. As time passes, the RTC 1s
read twice per second. At 60 second intervals the RTC time

TOP

BOTTOM

and the flag will be checked. When the RTC time 1is

eventually found to be exactly 5:00 minutes (min:sec for-
mat) after an [any] hour and the flag 1s false, a counter waill
begin counting zero-voltage transitions of the AC power line
wavelorm to time an elapsed time interval of exactly 24
hours and the tlag will be set to true. Thereafter, whenever
the V60 second interval checks find that the flag 1s true and
that the 24-hour elapsed time interval has ended, the counter
will be restarted to count another 24-hour interval and the
RTC will be reset to exactly 5:00 minutes after the currently
indicated hour. Note that some RTC error may have occurred
between the time the user set the clock and the time the
24-hour counter began counting. The error over this one
hour or less will be small. Although further error may
accumulate during the 24-hour counting interval, this further
error will be periodically eliminated when the RTC 1s reset
at the end of each interval. Thus, the long-term cumulative
error will be constrained to the error that occurred during the
one hour or less delay betore the first 24-hour interval count
began.

Now consider the events following a loss of AC power—a
power outage—to the appliance/device/instrument (e.g.,
programmable thermostat). When AC power again becomes
available the thermostat will immediately set the flag to
talse. Thereatter, operation 1s as described above following
the point at which the flag 1s set to false. During the power
outage, the RTC 1s powered from backup direct current
power (e.g. from a battery or from a charged capacitor).
Depending on the duration of the power outage, some error
in the RTC time will accumulate due to the mnaccuracy of the
oscillator 1 the RTC. This error will not be eliminated.
However, as time passes the RTC will again indicate 5:00
minutes after an hour. At that time the synchronization
sequence described above will repeat. Thus an uncorrected
error 1n the time can accumulate from the beginming of the
power outage until the beginning of the synchronization
sequence. If the user finds this error unacceptable, the user
should use the CLOCK menu to reset the RTC to the desired
time.

One may ask, why 1s synchronization caused to occur at
5> minutes past an hour? The RTC integrated circuit used 1n
the thermostat maintains both time and date information,
including month, day-of-week, and day-of-month values.
Consider what would happen 11 the RTC time were 11:59:59
PM and the synchronization sequence indicated that the time
should now be set to 12:00:01 AM to correct an error of 2
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seconds. The new time would be set in the RTC, but the RTC
will fail to understand the new time as being in the next day.
The RTC will leave 1ts date data (month, day-of-week,
day-of-month) unchanged and in error. By imitiating the
synchronization sequence at 5 minutes past the hour this

problem 1s avoided so long as the time error 1 24 hours
remains less than 5 minutes, and this can be guaranteed by
the RTC circuitry. If the time error 1s less than 5 minutes, t.
RTC date data remains valid.

SYSTEM Menu

1C

Display:
02 03 04 05 06 07 08 09 10 11 12 13 14 15 16
s P L I T H C E C O
E vV / D Y ; H H H W 3 B
where:

System [ype=SPLIT or HPUMP
EV/DY=number of program events/day: 2-4
1-3
C=number of cooling stages: 1-2
E=function of W3/E relay: W3, EM
CO=Changeover valve type (“O”,“B”)
Description:

H=number of heating stages:

This menu 1s available at all times to authorized users.

An authorized user can set the system configuration
during installation.

All system configurations except for “SPLIT, H=1, C=1"
require that both sides (Common and Return) of the 24VAC
transformer winding be connected to the programmable
digital thermostat. The exception configuration may be
powered by “stealing” current through the external Y1 and
W1 relay coils, although this 1s never a first choice configu-
ration and should be avoided when possible because the
stolen current, although very small, may inadvertently ener-
gize a relay 1n some systems.

In systems 1 which 24VAC 1s provided by two trans-
formers (one for heating, one for cooling), 1t 1s the respon-
s1ibility of the installer to correctly phase the transformers so
that the “Return” from both systems can be tied together,
either remotely or at the programmable digital thermostat
Return terminal. In some systems, a failure to properly phase
the transformers could lead to overheating of one or both
transformers and/or damage to the to the HVAC equipment
and the programmable digital thermostat. The Common/Hot
from either transformer may be connected to the program-
mable digital thermostat C terminal, and that transformer
will power the programmable digital thermostat.

Details Regarding the E (W3/E) Relay:

If E=W3, the W3/E relay will be used to call a third stage
of heating if H has been set to 2. This could be used as
auxiliary or additional emergency heating. If E=EM and the
USE EMERGENCY HEAT? menu 1s set to Y and there 1s a
need for heat (diflerence between set point and current
temperature), then the W3/E relay will be used to call one
stage only of emergency heating 1n lieu of all other heating
(other heating relays will be set off), regardless of the setting

for H. This could be described as alternate or manual
emergency heating. See also the USE EMERGENCY

HEAT1? menu.
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Details Regarding the Number of Events (EV#):

For leased/rented environments, setting EV=2 1s most
suitable. The first event may be taken to signal the beginning
ol “Work Hours and the second event will signal the end of
“Work Hours™ and the beginning of “Standby Hours/After
Hours.” The ADD WORK HRS menu will be available to
convert Standby Hours mmto Work Hours; see the ADD
WORK HRS menu for details. During the ADD WORK
HRS period the thermostat will control to the temperatures

set for Event 1 of the current day-of-the-week; note that this
1s true even when ADD WORKS HRS 1s used to override a

STANDBY DAY.
For environments requiring several comiort settings per
day, such as restaurants and residences, setting EV=4 1is

more suitable. The programmed events (times and tempera-
tures) cannot be overridden (with ADD WORK HRS), but
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the “nudge temperature” function of the MAIN menu
remains available for small changes to set point tempera-
tures.

Note Regarding Use of Low-Speed Fans:

The programmable digital thermostat firmware always

assumes the presence of a relative humidity sensor and a
low-speed fan controlled by the GL terminal of the pro-
grammable digital thermostat. In systems not having these
clements, the RH sensor output terminal pin should be
mumpered to programmable digital thermostat circuit ground
(stmulating 0% RH) and the HUMIDITY LIMIT menu

should be set to 99% to prevent any calls for low-speed fan

operation.
DIFFERENTIAL Menu
Display:
02 03 04 05 06 07 O 09 10 11 12 13 14 15 16
p I F F E R E N T I A L + P
4 ( 1 / 4 F S T E P S )
Parameters:
Display Location Parameter Allowed Values
BOTTOM-02 Differential 0-9
Description:

This menu 1s available at all times to authorized users.
A Level 3 or higher user can set a differential value for the
system. The differential 1s set 1n 14° F. increments, allowing
a range from +0° F. to £214 F. Note that operation 1s + the
set value. Under normal conditions, the thermostat waill
control temperature within a range defined by the set point
+ the Diflerential. Thus, a set point value of 68° F. with a
Diflerential of ©“04” (1° F.) will control within the range 67°
F.-69° F.
FAN MODE Menu
Display:

02 03 04 05 06 07 O 09 10 11 12 13 14 15 16

M O D E
A U T O

Parameters:
Display Location Parameter Allowed Values
BOTTOM-02 Fan mode AUTO or CONTINUOUS
Description:

This menu 1s available at all times to authorized users.

A user can set the Fan Mode for the system when 1t 1s not
in Standby. When 1n Standby operation (either via the

MODE menu or the STANDBY DAYS menu), the Fan
Mode 1s always “Auto”.

When set to Auto, a call 1s made for either the low speed
or high speed fan (see USE LO FAN ABOVE menu)
simultaneous with any call for heating or cooling. When set
to Continuous, a call 1s made for either the low-speed or
high-speed fan (depending on humidity) at all times.
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MIN ON/OFF TIME Menu

Display:
01 02 03 04 05 06 07 O8 09 10 11 12 13 14 15 16

TOP M I N O N / O F F T I M E
BOTIOM _  # M I N U T E S
Parameters: 10

Display Location Parameter Allowed Values

BOTTOM-02 Min On/Off Delay 0-O minutes =
Description:

This menu 1s available at all times to authorized users.
A user can set a Mimmum On/Ofl delay for the system.

20

The Minnmum On/Off time sets a minimum time that a

cooling or heating relay may be on or ofl before its state can
be changed. Setting a too-long time can prevent proper

temperature control. Setting a too-short time can result in
25

damage to some HVAC equipment, although many modern

HVAC systems are protected against such short-cycling by

circuitry internal to the HVAC equipment itself.
NEXT STAGE ERROR Menu

Display:
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16
TOP N E X T S T A G E E R R O R
BOTTOM _ # F
Parameters:
40
Display Location Parameter Allowed Values
BOTTOM-02 Temp error 1-9 units in 1 F steps
o 45
Description:

This menu 1s available at all times to authorized users.
A user can set a temperature error—the difference

between the current temperature and the set point tempera-

"y

ture (including differential—that should be exceeded before 5
the 2nd stage of heating or cooling 1s called. An additional

error of the same amount should be exceeded before the 377
stage of heating 1s called. The availability of multistage

heating and cooling 1s set with the SYSTEM menu. See also
the E parameter of the SYSTEM menu and see also the USE
EMERGENCY HEAT? menu.

TEMP SENSOR CAL Menu

55

Display:

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16
TOP T E M P S E N § O R C A L
BOTITOM _ A D ] Hooo# N O W = # # F
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Parameters:
Display
Location Parameter Allowed Values
BOTTOM-02  Adjust (~1 F units) 00-12, where 08 = no adjustment
BOTTOM-03  Now (Current 50-95 1n 1 F steps
Temp readout)
Description:

This menu 1s available at all times to authorized users.

The calibration of the temperature sensor may be altered
in steps of —1° F. To calibrate: with the cursor at the ADJ
value, press the UP or DN button until the indicated current
temperature following NOW: 1s correct the user will not be
allowed to force a reading outside the range of 50-935 F; that
1s, the user cannot calibrate the sensor if the current tem-
perature 1s outside the 50-935 F range. Pressing the UP button
will increase the adjustment value and will cause the NOW
value to rise; pressing the DN button will decrease the

adjustment value and will cause the NOW value to drop.
SENSOR LOCATION Menu

Display:

Ol 02 03 04 05 06 07 08 09 10 11 12 13
TOP ) E N S O R L O C A T 1
BOTTOM _ I N T E R N A L
Parameters:

Display Location Parameter Allowed Values

BOTTOM-02 Sensor Location INTERNAL or REMOTE

Description:

This menu i1s available at all times only to authorized
users.

A user can select operation with either the internal or the
optional remote temperature sensor. A separate Remote

Sensor Kit should be purchased for remote operation.
USE LO FAN ABOVE Menu

Display:
0l 02 03 04 05 06 07 08 09 10 11 12 13
TOP U S E L O F A N A B
BOTTOM # # % R H
Parameters:
Display Location Parameter Allowed Values
BOTTOM-02 RH Threshold 00-99 1n approx 1% RH steps,
uncalibrated
Description:

This menu 1s available at all times to authorized users.
Sets the relative humidity (RH) sensor threshold to deter-

mine whether to use low-speed or high-speed fans. For

intermediate RH values the accuracy will be within about

+6% RH but the accuracy will degrade significantly near the
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15 16

N

15 16

vV E

0% and 99% settings. For normal humidity control use, the
parameter should be set to a desired moderate RH level (e.g.
65%) and then adjusted experimentally up or down as

necessary to achieve the exact desired threshold. Setting this

parameter to 99% turns ofl humidity control because the

measured RH will always be below the threshold, and the
low-speed fan will never be used; this should be the default
setting for the programmable digital thermostat not having
an RH sensor. (If the RH sensor 1s not installed, a jumper
from the sensor output to +5V will have the same effect and
1s the preferred circuit configuration in the absence of a

SENSsor. )
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EMERGENCY HEAT Menu
(Manual Emergency Heat)

Display:

01 02 03 04 05 06 07 08 09 10 11 12 13
TOP U 8 E E M R G H E A T
BOTTOM Y
Parameters:

Display Location Parameter Allowed Values
BOTTOM-02 Source of heating On or Off
Description:

This menu 1s available only if E=EM 1n the SYSTEM
menu and only to authorized users.

If E 1s set to EM 1n the SYSTEM menu and the USE
EMRG HEAT? menu 1s set to Y, then all calls for heating
will activate the W3/E relay 1n lieu of the stage-1 and stage-2
heat relays. ITE 1s set to W3 in the SYSTEM menu, the USE
EMERG HEAT? menu 1s not available.

HUMIDIFIER ALERT Menu

Display:

01 02 03 04 05 06 07 0O 09 10 11 12 13
TOP H U M I D 1 F I E R A L
BOTTOM # # M O S M O N D Y
Parameters:
Display Location Parameter Allowed Values
BOTTOM-02 Check interval 0-12 months
BOTTOM-0% Date of next alert Calculated from time alert 1s set
Description:

This menu 1s available at all times to authorized users.

Sets a reminder to check the humidifier. The interval
begins at the time 1t 1s set. The interval ends at the expiration
of the entered value, relative to the day 1t was entered.
Setting “0 months” disables the reminder. The date of the
next alert 1s displayed, calculated by adding the interval to
the current date.

A message 1n the MAIN menu announces the arrival of

the appropriate day. To clear the MAIN menu message, the
user should enter and exit the HUMIDIFIER ALERT menu

again. By re-entering this menu, the start day of the interval

will be reset to the current day.
AIR FILTER ALERT Menu

Display:

01 02 03 04 05 06 07 08 09 10 11 12 13

TOP
BOTTOM #

A I R r I L T E R
# M O N T H S
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Parameters:

Display Location Parameter Allowed Values

BOTTOM-CC Check interval 0-12 months

Description:

This menu 1s available at all times to authorized users.

Sets a reminder to check the air filter. The interval begins
at the time 1t 1s set. The interval ends at the expiration of the
entered value, relative to the day 1t was entered. Setting 0
months™ disables the reminder. The date of the next alert 1s
displayed, calculated by adding the interval to the current
date.

A message 1 the MAIN menu announces the arrival of
the appropriate day. To clear the MAIN menu message, the
user should enter and exit the AIR FILTER ALERT menu
again. By re-entering this menu, the start day of the interval
will be reset to the current day.

15 16

A L E R T
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ASSIGN PINS Menu

Display:

Ol 02 03 04 05 06 07 08 09 10 11 12 13
TOP A S S I G N P I N S
BOTTOM H § 1 § § § § § L. ¥V
Parameters:

Display Location Parameter Allowed Values

BOTTOM-03 PIN ID 01-10

BOTTOM-15 Access LVL 0-9

BOTTOM-06 PIN Value “00000-65535"
Description:

This menu 1s available at all times to authorized users.

The user may assign up to 10 Personal Identification
Numbers (PIN s), each with an associated access level, LVL
(0-9). To view and use a menu, a user’s PIN should be
assigned a LVL equal to or greater than the access level
assigned to that Menu using the SET MENU LEVELS

menu.

TOP

BOTTOM

Upon entering this menu the first PIN ID that has a PIN
value of “00000” will be displayed. If no PIN ID has a PIN
value of “00000”, then the message “OVERWRITING PIN”
will be displayed in the top line and the data for PIN ID 10
will be displayed 1n the bottom line. The user may then (1)
overwrite (change) the displayed PIN and LVL, (2) use the
UP/DN buttons to view or change another PIN, (3) move the
cursor to 1ts home position and exit the menu, leaving all

PIN’s unchanged, or (4) not press any button for 1 minute,
allowing the programmable digital thermostat to revert to
normal operation with no PIN changes.

If a user attempts to set (by exiting the menu or changing,
the displayed PIN ID) a duplicate PIN value—regardless of

its LVL—the top line of the programmable digital thermo-
stat will display “DUPLICATE PIN” and the bottom line
will continue to display the duplicate value that has been
entered. The user may then (1) enter a non-duplicate PIN
value and LVL, including “00000” for which duplicates are
allowed. If a user attempts to duplicate a PIN value when
“OVERWRITING PIN” 1s displayed, the response will be as
just described. Note that the old PIN value that was over-
written cannot be retrieved. This should not be a problem
since the user had already been notified that overwriting was

[

in effect.

The ten access levels would typically be assigned as
follows but many other arrangements are possible:
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LVL Persons assigned this access
O Anyone

1 Office Manager

2 Maintenance/System Installer
Qi Owner

*The PIN “00000” 15 always assigned a LVL of 0; this cannot be changed.

¥*(Certain menus require a LVL 9 for access; therefore, at least one PIN should be assigned
a LVL of 9. When shipped from the factory; all programmable digital thermostats are
preprogrammed with several default PIN’s having a LVL of 9. After programmable digital
thermostat installation, the purchaser should reassign these PIN’s and LVL’s to maintain
security of the codes.

SET MENU LEVELS menu
Display:
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16
M E N U T E X T H E R E
M B N U = # # L V L = #

Description:
This menu 1s accessible at all times but only to users

having a LVL9 PIN.
This menu allows the user to set the minimum PIN

Level’s required to access menus. Place the cursor at ## to

select a Menu Number, and then enter a LVL at #. The user
should obtain Menu Numbers from documentation outside
the programmable digital thermostat itself (e.g. the Instal-
lation Guide), as displayed menus are not numbered.
While most menus have settable LVL’s, there are excep-

tions:

The LVL of the MAIN menu for viewing only 1s perma-

nently set at 0, but access to the temperature override
feature (“nudge™) 1 the MAIN menu 1s settable.

The LVL of the ENTER PIN menu 1s permanently set at
0.

The LVL of the SERIAL NUMBER menu 1s permanently
set at O.

The LVL of the MENU LEVELS menu 1s permanently set
at 9.

The LVL of the ASSIGN PINS menu 1s permanently set
at 9.

It 1s 1mportant to appreciate that the above described
implementation of an adaptive (programmable) hierarchy 1s
not the only way 1n which this aspect of the invention can be
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implemented. The above-described example can be termed
reversibly defining since the set menu can be later revisited
and the levels changes. An alternative to the above-de-
scribed approach would be a non-reversibly (set once only)
approach for tamper resistant purposes. Another alternative
to the above-described single set menu (centralized)
approach to setting the PIN level(s) needed to access other
menu(s), 1s to provide individual (distributed) access level
setting menus each of which 1s associated with, and option-
ally accessed 1n conjunction with, each of the one or more
menus(s) for which a PIN access level 1s to be defined. For
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instance, in the case where reversibly defining includes
reversibly defining a plurality of minimum user levels
required to access a plurality of menus, a plurality of
distributed menus can be utilized to reversibly define the
plurality of minimum user levels, each of the distributed
menus optionally accessed by first accessing the associated
function menu. Three specific alternative distributed access

level setting menus will now be described.
Alternative NUDGE LEVEL Menu

Display:

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16

L. B V E L
#

Parameters:

Display Location Parameter Allowed Values

BOTTOM-05 Nudge Level 1-4

Description:

Sets a minimum PIN level required to access the NUDGE
TEMP Menu.

Alternative ADD WORK HRS Menu
Display:

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16

W O R K

H R
H H

S
# H R S M M A M

Parameters:

Display Location Parameter Allowed Values

Added hours of control to
“work temperatures™
Actual end time of added his

BOTTOM-02 2 through 9

BOTTOM-08

Description:

This menu can be made available only to authorized users,
only when E/D=2 1n the SYSTEM TYPE menu, and only
during Standby Hours.

This allows user to override settings 1n the PROGRAM
menu when EV=2. The first programmed time-event of each
day 1s taken to be the start of “work hours” and the
programmed temperature range for that time-event 1s taken
to be “work temperatures.” The ADD WORK HRS menu
forces the system to control to “work temperatures™ during
non-work hours. The override begins at the time the user
saves a dura tion via this menu and ends when the duration
has expired or the current time reaches midnight, whichever
occurs first; the override does not terminate at the end of the
currently programmed time-event. If a duration has not yet
been entered or any previous duration has expired, the menu
will display a value of 0 HRS, and the menu may be entered
by moving the cursor away from the leltmost position; the
menu cannot be re-entered once a duration has been set.
Immediately upon entering this menu, the duration value
will change to 2 HRS, and the user may then choose values
from 2-9 hours. In this particular alternative embodiment,
the user cannot select a value less than 2 hours, nor reset the
value to 0 hours! Therefore, 11 you do not wish to enter at
least 2 hours override, do not move the cursor away from 1ts
home position.
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Alternative ALERT LEVELS Menu
Display:
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16
TOP A L E R T 8 L E V E L
BOTTOM i
Parameters: 10
Display Location Parameter Allowed Values
BOTTOM-02 ALERT MENUS access 1-4 15
Description:
Sets the minimum PIN Level required for entering the
AIR FILTER ALERT and HUMIDIFIER ALERT menus.
Of course, other menus besides the three particular alter-
: : ; ) 20
natives described above can be provided (configured) with
an 1ndividual (distributed) access level setting menu. This
concludes the description of the alternative individual (dis-
tributed) access level setting menus and the description will
now revert to the primary example.
SERIAL NUMBER Menu 23
Display:
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16
TOP S E R 1 A L N U M B E R
BOTTOM o o o0 o o o0 0 0 0 o0
Parameters:
35
Display Location Parameter Allowed Values
BOTTOM-02-11 Serial Number 0000000000-9999999999
Description: 40

This menu 1s viewable at all times by all authorized users.
A 10-digit number umquely identifies the programmable
digital thermostat. A Host Computer can associate (in 1ts
database) this SN with data specific to this particular pro-
grammable digital thermostat. The format (1.e. the signifi- 45
cance of each digit) of the Serial Number 1s not defined at
this time.

The Serial Number may be set by one of these methods:

1. Programming the SN into the PIC microcontroller 1020

at the same time that other data 1s programmed 1nto the 50
IC during programmable digital thermostat manufac-
ture.

2. Using one of the 10 PIN’s as a “factory” PIN by setting
the LVL of that PIN to 10 during PIC programming.
Factory personnel should overwrite this LVL to 0-9 55
betore shipping the programmable digital thermostat.
This allows easy factory access for setting/re-setting
the SN; but once the “factory” PIN LVL has been
changed from 10, 1t cannot be reset to 10 from the panel
by anyone, including factory personnel.

3. Software on a Host Computer may read and write a SN
at any time.

DOWNLOAD DATA Menu

Note: This 1s not a selectable menu, as are all others
above. This menu 1s displayed automatically when the
programmable digital thermostat 1s operating in 1ts MAIN 65
menu and receives data via its DB9/EIA-232 connector
using soitware running on a host computer.

60
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Display:
01 02 03 04 05 06 07 08 09 10 11 12 13

TOP C O M M A C T I V E
BOTTOM
Parameters:

Display Location Parameter Allowed Values

TOP-01 Menu title “COMM ACTIVE”

BOTTOM-01-09 None None

Description:

Referring to FI1G. 9, an off-the-shelf IC (integrated circuit)
910 converts the microcontroller logic level signals to
EIA-232 levels; thus IC has built in ESD (electrostatic
discharge) protection. A female DB9 connector 920 1s used
on the programmable digital thermostat. Referring to FIG.
12, an ofl-the-shelf, standard, *“straight through™ PC serial
data cable 1210 1s used to connect the programmable digital
thermostat to a PC. For those PC’s not having an EIA-232
port, an external USB-to-EIA-232 converter should be used
(it 1s to be noted that such converters may implement
non-standard EIA-232 ports). EIA-232 Communication
Parameters are fixed at 38400 baud, 8 data bits, 1 start bit,
1 stop bit, no parity.

It may take some time to complete a dump of the
programmable digital thermostat’s data contents to the PC,
and/or for the time for the PC to write new parameters to the
programmable digital thermostat’s EEPROM. Factors other
than baud rate alone will likely limit overall data transmis-
sion rate (during both transmit and receive). With a PC
connected and running custom software, data can be trans-
terred 1n both directions between the programmable digital
thermostat and the PC.

It behooves the operator of the DCD to observe normal
precautions regarding static electricity discharge during use
of the DCD to avoid damage to both the DCD and the
thermostat. The operator should ensure that any static charge
on either the DCD or 1ts RS232 serial cable 1s discharged
BEFORE connecting the DCD to the thermostat’s DB9
interface connector! This can generally be done by having
the operator touch the metal shell (not the data pins!) of the
DB9 connector prior to plugging 1n the data cable.

PIN Level Required: None. This 1s an automatic Menu.

A methodology of communication with the program-
mable digital thermostat will now be described.

Hardware Definition

Referring again to FIG. 9, the programmable digital
thermostat incorporates a female 9-pin subminiature D con-
nector 920 (a.k.a. DB-9) as its data port. From the program-
mable digital thermostat’s perspective, the pins of this
connector are:

Pin2=Data Out
Pin3=Data In
Pin5=Ground

All other pins are “no connection.”

Referring again to FIG. 12 It 1s expected that a standard
“straight through™ serial cable 1210 connects the program-
mable digital thermostat’s DB-9 to the PC’s DB-9. It 1s
suggested that the cable be kept to less than 6 feet in length.

The programmable digital thermostat employs a standard
EIA-232 compliant USART. The Data Out signal swing of

-3V to +3V provides ample signal level for most PC serial
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ports. There are no hardware or software handshake signals.
Signaling 1s fixed at 38.4 Kbaud.

Communication Protocol

The programmable digital thermostat should be powered
up and operating with its MAIN menu displayed prior to
connecting to the DB9 connector. All data exchanged
between the programmable digital thermostat and the host
computer 1s 8-bit binary bytes.
Programmable Digital Thermostat Data Format

Data stored in the Programmable digital thermostat 1s

divided into two major sections: Operating Parameters
(stored in EEPROM) and the Actions Log (stored in FLASH
memory ).

Power and installation 1ssues will now be described.
Main Circuit Board Components

Referring to FIGS. 8 A-8C, power for thermostat opera-
tion 1s normally taken from the 24VAC present between the
“Common” 810 (hot) and “Return” 812 (ground) connec-
tions at the 9-circuit terminal block.

For older systems of the separate heat and cool type that
do not have the “Common” wire brought to the wall mount-
ing location, the thermostat i1s able to “steal” (see following
paragraph) power using the Heat and Cool relays. This
method of powering the thermostat can be used only with
1-stage heat+1-stage cool systems. This method of powering
the thermostat cannot be used with heat pump systems and
1s never the preferred method. Use the “Common” connec-
tion whenever possible.

To “steal” power, the thermostat draws a small current
through either the heat or cool relay—whichever 1s not
currently activated. In most systems this current 1s small
enough that 1t will not activate a relay that 1s not already
active. However, no warranty 1s made that this method of
powering the programmable digital thermostat 1s compatible
with all systems. It 1s the responsibility of the installer to test
that the “stolen current” does not wrongly activate a relay or
cause unacceptable vibration of the relay through which this
current flows! If undesired relay activation or vibration
occurs, the mstaller should provide connection to the 24 VAC
“Common” 810 terminal of the 24VAC system transformer.

Real Time Clock Circuit

Power for the Real Time Clock circuit 820 1s normally
derived from the 24VAC as described above, and a high
value capacitor (aka “supercap” or “double-layer cap™) on
the circuit board 1s kept tully charged. When AC power 1s
lost, the charge stored 1n the capacitor 1s used to power only
the Real Time Clock 820 so that the clock will not require
resetting every time power 1s lost. Under normal condi-
tions—aftter the capacitor has been allowed to charge fully—
the Clock 820 can run accurately for up to 72 hours without
AC power.

Upon 1nitial 1nstallation the capacitor may be fully dis-
charged. Upon connection of AC power the Real Time Clock
820 will function normally but it may take up to 8 hours for
the capacitor to charge completely. Thus, 1f AC power 1s
removed shortly after installation, the Real Time Clock 820
may fail to operate correctly until AC power 1s restored and
the capacitor 1s allowed to fully charge.
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Multiple Stages

Calls for secondary and tertiary stages always include the
lower level calls. For example, when a call is made for 3¢
stage heat, calls are also present for 27 and 1* stage heat. If
Emergency Heat 1s active, all other heating calls are turned
off, leaving a single call for 1% stage emergency heating.
Interconnections— Thermostat to HVAC Wires

A 9-circuit terminal block 1s provided for connection of
the wires from the HVAC system. The function of each
circuit/terminal 1s shown in the table below. BEFORE
CONNECTING ANY WIRES, review the table to learn the
function of each terminal for the system type being con-
nected!

The “Common™ 810 (often called “hot”) wire from the
HVAC equipment connects within the HVAC equipment to
cach of the relays for the fan, compressor, heater, etc. This
wire also connects within the HVAC equipment to one end
of a 24VAC transformer winding. The “Return” 820 wire
connects to the other end of the 24VAC transformer wind-
ng.

To avoid damage to HVAC equipment, the following
precautions should be observed.

If separate transformers are used to power the heating and
cooling equipment, the “Return” of each transformer should
be connected to the Programmable digital thermostat’s
Return® terminal. It 1s the responsibility of the system
installer to ensure that any 24VAC transformers be properly
phased so that the “Return” from both systems can be safely
tied together, either remotely or at the programmable digital
thermostat’s Return terminal. In some systems, a failure to
properly phase the transtormers could lead to overheating of
one or both transformers and/or damage to the to the HVAC
equipment and Programmable digital thermostat.

It should be noted that anomalous HVAC operation may
result until the programmable digital thermostat parameters
have been properly set for the particular system in use.
Whenever possible, 1t 1s recommended that the program-
mable digital thermostat be mitially connected to only the
24VAC “Common” and “Return™ wires. After all system
parameters are set, the other relay wires may then be
connected.

It 1s also to be noted that immediately upon power-up, for
up to 0.1 seconds, the G relay (normal-speed or high-speed
fan) contacts may be closed. Within 0.1 seconds the contacts
will open and normal relay action will continue. This brief
“fan on” operation occurs only at power-up and results from
circuitry that minimizes current draw for operation with
systems not having a 24VAC “common” (hot) wire.

The following table imndicates the function of each termi-
nal for both Split (separate heating and cooling equipment)
and Heat Pump systems. The terminal names are printed on
the Terminal Board within the Programmable digital ther-
mostat base.

TERMINAL SPLIT SYSTEMS HEAT PUMP SYSTEMS

C Common/hot wire Common/hot wire from
from 24VAC Ximr 24VAC Ximr

Y1 1°% stage cooling Compressor, 1¥° stage

W1 1% stage heating No Connection

Y2 274 stage cooling Compressor, 2™ stage

WVE Emergency heat or 3% Emergency heat or 37 stage
stage heating heating

Fan, normal speed
Changeover valve
Fan, low speed

G Fan, normal speed
W2/CO 274 stage heating
GL Fan, low speed
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-continued
TERMINAL SPLIT SYSTEMS HEAT PUMP SYSTEMS
R Return, from 24VAC Return, from 24VAC

transtformer transtformer

Automatic Anticipation

The thermostat features unique control of anticipation. To
understand operation, consider a typical cycle of “heating”.
As the ambient temperature falls below the value “Set
Point-Diflerential”, the thermostat will 1ssue a call for heat.
This call will remain 1n effect until the temperature rises to
“Set Point+Diilerential-Anticipation” at which point the
heating will be turned off. (Anticipation 1s 1nitially set to 0.)
The thermostat will continue to monitor the temperature
alter heating 1s off, recording the highest temperature
attained (the “overshoot™). The temperature will eventually
tall and the cycle will repeat. For the next cycle, Anticipation
will be set as required to prevent overshoot.

Overshoot arises naturally from two sources. (1) The
thermal mass of the HVAC equipment (e.g. a gas heat
exchanger). Turning off the equipment (e.g. gas heat) does
not immediately stop heating, as there 1s a considerable mass
of cast 1ron that 1s still very hot. (2) The *“lag” of the
temperature sensor i a thermostat. When the ambient
temperature 1s changing, the sensor temperature always lags
behind the ambient (1.e. the air temperature changes first,
then the sensor temperature follows).

Factory Access Level

During manufacture, factory access (1.e. access to chang-
ing SN) 1s granted by entry of specific PIN’s. In the field,
factory access can be gained only by using software running
on a host computer linked via an RS232 cable to the
Programmable digital thermostat. Factory access cannot be
gained via an internal jumper as in previous Programmable
digital thermostat versions.

Remote Sensing Kit

An optional Remote Sensor Kit 1s available.
Kit Contents

The Kit comprises the following items contained 1n a
large cushioned envelope:

Remote Sensor Housing with internal circuit board, sen-

sor, and terminal blocks

Installation Instructions sheet

Connecting Cable, 75-feet, with 4-circuit socket attached

to one end for easy connection to the Programmable
digital thermostat-3 thermostat.
Remote Sensor Construction Details

The housing 1s an oft

-the-shell plastic box, Serpac CH-6
(1.74"%2.39"%x0.755"), of almond color, with added ventila-
tion holes. The “back™ of this box 1s to be afl

1xed to a wall
using two screws (ol appropriate type depending on wall
maternal, supplied by installer) through the 0.150" diameter
holes provided; there 1s also a V4" diameter hole 1n the
“back’ for entry of the sensor cable through the wall.
Kit Installation

Mount the Programmable digital thermostat-3 thermostat
in the desired location. The wiring access hole behind the
Programmable digital thermostat should be large enough to
accommodate the normal HVAC wires and the Remote
Sensor cable with its attached socket. Make the normal
HVAC connections to the Programmable digital thermo-
stat’s terminal board contained 1n the wall-mount part of the
Programmable digital thermostat enclosure.

Route the Remote Sensor cable thru the wall, with the
connector-attached end extending several inches from the
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wall. Mate the Remote Sensor cable socket to the 4-pin
connector 830 that 1s attached to the back of Programmable
digital thermostat’s main circuit board (1n the removable,
front half of the Programmable digital thermostat). Route
the Remote Sensor cable as desired to a suitable remote
location (see also next step). Avoid routing the cable 1n close
proximity to AC line wiring to minimize pickup of noise
from the AC line that might prevent proper operation. The
supplied cable 1s 73-feet 1n length. Locate the Remote
Sensor so that the cable 1s of suflicient length (including all
bends, etc.) to reach from the Programmable digital ther-
mostat-3 to the Remote Sensor, leaving at least a few inches
extending from the wall at the remote location. It 1s not
necessary to use the full cable length; excess cable may be
colled within the wall or ceiling or 1t may be cut ofl to any
desired length. Do not cut the cable while the Programmable
digital thermostat 1s powered, as this will permanently
damage the Programmable digital thermostat!

At the remote location, use the “back” half of the Remote

Sensor box as a template to locate two mounting holes and
a wire access hole. Route the Remote Sensor cable out from
the wall through the wire access hole. Mount the “back’ half
of the box to the wall, passing the remote cable through the
wire access hole 1n the box. Strip back the outer insulation
of the cable—being careful not to cut the mner foil shield
and drain wire (uninsulated wire)—about 1-2". Then unwrap
and cut off the foil shield even with the end of the outer
insulation; do not cut the drain wire! Strip back the insula-
tion of each of the three insulated wires about 4", Connect
the wires as follows to the numbered terminals within the
Remote Sensor “back™:

1—Red (+5 v)

2—Umninsulated drain wire (Gnd)

3—Black (SDA)

4—Natural/White (SCL)

Push any excess cable back inside the wall. Attach the
“front” cover of the Remote Sensor box using the supplied
SCIew.

Mate the “front” cover of the Programmable digital
thermostat-3 to its wall-mounted “back’, making electrical
connections between the Programmable digital thermostat
and the previously wired terminal board. Use an appropriate
PIN to access the “Sensor Location” menu of the Program-
mable digital thermostat and set the sensor to “Remote”.
Reset the Programmable digital thermostat to the Main
menu. Installation of the Remote Sensor 1s complete.
Relative Humidity Control Option

The microcontroller 1020 firmware always assumes that
an RH sensor 1010 1s present and controls accordingly. If the
RH sensor 1010 1s not installed, a jumper should be installed
to connect the sensor output pin to the ground pin, simulat-
ing 0% RH at all times. This will create a demand for only
high-speed fan operation, eflectively bypassing humidity
control.

Data Collection Device (DCD)

It 1s expected that an IBM-compatible personal computer
will be used as the Data Collection Device. This computer
should be equipped with an EIA-232 senal port. For com-
puters having, instead, a USB port, an external USB-to-EIA-
232 converter should be used.

It behooves the operator of the DCD to observe normal
precautions regarding static electricity discharge during use
of the DCD to avoid damage to both the DCD and the
thermostat. The operator should ensure that any static charge
on either the DCD or 1ts RS232 serial cable 1s discharged
BEFORE connecting the DCD to the thermostat’s DB9

interface connector! This can generally be done by having
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the operator touch the metal shell (not the data pins!) of the
DB9 connector prior to plugging 1n the data cable.

The 1invention can also be included in a kiat. The kit can
include some, or all, of the components that compose the
invention. The mvention 1s 1deally suited for retrofit appli-
cations, requiring little or no modification to use the inven-
tion as an improvement to existing HVAC control systems.
The kit can be an 1n-the-field retrofit kit to improve existing
systems that are capable of incorporating the invention. The
kit can include software, firmware and/or hardware for
carrying out the mnvention. The kit can also contain instruc-
tions for practicing the invention. Unless otherwise speci-
fied, the components, software, firmware, hardware and/or
instructions of the kit can be the same as those used 1n the
invention.

The term approximately, as used herein, 1s defined as at
least close to a given value (e.g., preferably within 10% of,
more preferably within 1% of, and most preferably within
0.1% of). The term substantially, as used herein, 1s defined
as at least approaching a given state (e.g., preferably within
10% of, more preferably within 1% of, and most preferably
within 0.1% of). The term coupled, as used herein, 1s defined
as connected, although not necessarily directly, and not
necessarilly mechanically. The term deploying, as used
herein, 1s defined as designing, building, shipping, installing
and/or operating. The term means, as used herein, 1s defined
as hardware, firmware and/or software for achieving a result.
The term program or phrase computer program, as used
herein, 1s defined as a sequence of instructions designed for
execution on a computer system. A program, or computer
program, may include a subroutine, a function, a procedure,
an object method, an object implementation, an executable
application, an applet, a servlet, a source code, an object
code, a shared library/dynamic load library and/or other
sequence of mstructions designed for execution on a com-
puter system. The terms including and/or having, as used
herein, are defined as comprising (i.e., open language). The
terms a or an, as used herein, are defined as one or more than
one. The term another, as used herein, 1s defined as at least
a second or more.

A method, comprising regulating user access to at least
one menu of an intervactive user interface of a programmable
digital thermostat, including.: veversibly defining at least one
minimum user level required to access the at least one menu
including: reading and stoving a hievarchical personal
identification number associated with a hierarchical user
level, permitting hievarchical user access to a user level
menu when the hievarchical personal identification number
is both valid and associated with a hierarchical user level
greater than orv equal to a minimum hievarchical user level
predefined to be required for access to the user level menu;
and reading and storing the at least one minimum user level
requirved to access the at least one menu,; and then permitting
user access to the at least one menu when a personal
identification number enterved by another user is both valid
and associated with a user level greater than ov equal to the
minimum user level veversibly defined by the hierarchical
user to be vequired for access to the at least one menu; and
synchronizing a clock of the programmable digital thermo-
stat using a power line frequency.

A method, comprising defining a multi-stage cooling/
heating program of a programmable digital thermostat
having an interactive user interface, including: rveversibly
defining a number of events per day including: reading and
storing a hievarchical personal identification number asso-
ciated with a hievarchical user level; permitting hierarchical
usev access to a system menu when the hierarchical personal




US RE47,235 E

49

identification number is both valid and associated with a
hierarchical user level greater than ov equal to a minimum
hierarchical user level predefined to be vequived for access

to the system menu,; and reading and storing the number of

events per day; and then permitting user access to another
menu when a personal identification number entered by
another user is valid to further define the multi-stage cool-
ing/heating program; and synchronizing a clock of the
programmable digital thermostat using a power line fre-
quency.

[ A method, comprising: providing a usage monitoring
heating ventilation and air conditioning contvol system, the
usage monitoring heating ventilation and air conditioning
control system including a programmable digital thermostat
with an on board memory; issuing personal identification
numbers to each of a plurality of system users; associating
each of the plurality of system users with at least one of a
plurality of user tyvpes; storing the personal identification
numbers in a first data structurve in the on board memory;
and linking each one of a plurality of entries in the first data
structure by reference to at least one of a plurality of entries
in a second data structure in the on board memory, the
second data structure including a list of user types.

Il The method of claim I, wherein each of the plurality of
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user types is associated with at least one of a plurality of 2>

function sets.
[Il The method of claim I, wherein the on board memory

can include a member selected from the group consisting of

electrically erasable programmable vead only memory, flash
memory, random access memory, and network storage
devices.

IV The method of claim I, further comprising: dynami-
cally updating the first data structure; and dynamically
updating the second data structure.

V' A method, comprising regulating user access to an
interactive user interface of a programmable thermostat,
each user identified by a personal identification number
associated with a user type selected from the group consist-
ing of building owners, maintenance personnel, building
tenants, and manufacturers.

VI The method of claim V, wherein each user’s personal
identification number belongs to exactly one user type.

VII The method of claim V, wherein access to the inter-
active user interface is regulated using at least one of a

plurality of software filters.

PRACTICAL APPLICATIONS OF THE
INVENTION

A practical application of the invention that has value
within the technological arts 1s 1n oflice building environ-
ments. The invention can readily replace existing HVAC
control systems with little or no modification. There are
virtually innumerable uses for the mvention, all of which
need not be detailed here.

ADVANTAGES OF THE INVENTION

A usage momitoring HVAC control system, representing
an embodiment of the invention, can be cost eflective and
advantageous for at least the following reasons. The mnven-
tion greatly reduces overhead energy costs by regulating
room air temperature settings according to building occu-
pancy. The invention also allows users to be billed individu-
ally for HVAC system services, according to their PIN,
thereby preventing users from paying more for more HVAC
system services than they require. The invention can be used
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to display accrued HVAC services ordered by each user. The
invention also improves quality and/or reduces costs com-
pared to previous approaches.

All the disclosed embodiments of the invention disclosed
herein can be made and used without undue experimentation
in light of the disclosure. Although the best mode of carrying
out the mvention contemplated by the mnventor 1s disclosed,
practice of the invention 1s not limited thereto. Accordingly,
it will be appreciated by those skilled 1n the art that the
invention may be practiced otherwise than as specifically
described herein.

Further, the individual components need not be formed 1n
the disclosed shapes, or combined in the disclosed configu-
rations, but could be provided 1n virtually any shapes, and/or
combined in virtually any configuration. Further, the indi-
vidual components need not be fabricated from the disclosed
materials, but could be fabricated from virtually any suitable
materials.

Further, variation may be made in the steps or in the
sequence of steps composing methods described herein.

Furthermore, all the disclosed elements and features of
each disclosed embodiment can be combined with, or sub-
stituted for, the disclosed elements and features of every
other disclosed embodiment except where such elements or
features are mutually exclusive.

It will be manifest that various substitutions, modifica-
tions, additions and/or rearrangements of the features of the
invention may be made without deviating from the spirit
and/or scope of the underlying inventive concept. It is
deemed that the spirit and/or scope of the underlying inven-
tive concept as defined by the appended claims and their
equivalents cover all such substitutions, modifications, addi-
tions and/or rearrangements.

The appended claims are not to be interpreted as including,
means-plus-function limitations, unless such a limitation 1s
explicitly recited in a given claim using the phrase(s)
“means for” and/or “step for.” Subgeneric embodiments of
the invention are delineated by the appended independent
claims and their equivalents. Specific embodiments of the
invention are diflerentiated by the appended dependent
claims and their equivalents.

What 1s claimed 1s:

[1. A method, comprising a synchronization sequence
including;:

reading a base time from an internal clock at a first time

and saving the base time;

measuring an elapsed time 1nterval, from the first time to

a second time, by counting an external clock using a
frequency counter; and then

resetting the internal clock to the base time plus the

elapsed time.]

[2. The method of claim 1, further comprising, before
measuring the elapsed time interval, clearing the frequency
counter.}

[3. The method of claim 1, further comprising, before
measuring the elapsed time interval, setting a tlag to enable
commencement of the synchronization sequence.]

[4. The method of claim 3, wherein the flag is set to enable
commencement of the synchronization sequence when the
external clock transitions from an unavailable state to an
available state.]

[5. The method of claim 3, wherein the flag is set to enable
commencement of the synchromization sequence when a
user exits a clock menu.}

[6. The method of claim 1, wherein measuring the elapsed
time 1nterval includes setting a flag to indicate that the
synchronization sequence has commenced.}
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[7. The method of claim 6, wherein resetting occurs when
the flag indicates that the synchronization sequence has
commenced and the frequency counter indicates that the
elapsed time interval has passed.]

[8. The method of claim 1, wherein measuring the elapsed
time interval commences at a predetermined time incre-
ment.J

[9. The method of claim 1, further comprising, after
resetting the internal clock, repeating the synchromization
sequence. |

[10. The method of claim 1, wherein the internal clock is
derived from a direct current powered oscillator located 1n
an integrated-circuit real-time clock.]

[11. The method of claim 1, wherein the external clock is
derived from an alternating current power source. ]

[12. The method of claim 11, wherein counting includes
counting zero-voltage transitions of an alternating power
line waveform.]

[13. An apparatus, comprising:

an 1nternal clock;

an external clock; and

a microcontroller coupled to the internal clock and the

external clock, the microcontroller including a {fre-

quency counter,
wherein the microcontroller reads a base time from the
internal clock at a first time and saves the base time,
wherein the microcontroller measures an elapsed time
interval, from the first time to a second time, using the
frequency counter, and

wherein the microcontroller resets the internal clock to the

base time plus the elapsed time.]

[14. The apparatus of claim 13, wherein the microcon-
troller clears the frequency counter before measuring the
elapsed time interval.]

[15. The apparatus of claim 13, wherein the microcon-
troller sets a flag to enable commencement of the synchro-
nization sequence.]

[16. The apparatus of claim 15, wherein the microcon-
troller sets the flag to enable commencement of the syn-
chronization sequence when the external clock transitions
from an unavailable state to an available state.}

[17. The apparatus of claim 15, wherein the microcon-
troller sets the flag to enable commencement of the syn-
chronization sequence when a user exits a clock menu.]

[18. The apparatus of claim 13, wherein the microcon-
troller sets a flag to indicate that the synchronization
sequence has commenced at the beginning of measuring the
elapsed time interval.]

[19. The apparatus of claim 18, wherein the microcon-
troller resets the internal clock when the flag indicates that
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the synchronization sequence has commenced and the fre-
quency counter indicates that the elapsed time interval has
passed.]

[20. The apparatus of claim 13, wherein the microcon-
troller commences measuring the elapsed time interval at a
predetermined time increment.]

[21. The apparatus of claim 13, wherein the microcon-
troller repeating a synchronization sequence after resetting
the internal clock.]

[22. The apparatus of claim 13, wherein the internal clock
includes an integrated-circuit real-time clock having a direct
current powered oscillator.}

[23. The apparatus of claim 13, wherein the external clock
includes an alternating current power line.]

[24. The apparatus of claim 13, wherein the frequency
counter includes a zero-voltage transition counter.]

[25. A programmable thermostat comprising the apparatus
of claim 13}

26. A method, comprising: providing a heating ventilation
and air conditioning control system including a program-
mable digital thermostat with an on board memory; issuing

personal identification numbers to each of a plurality of

system users,; associating each of the plurality of system
users with at least one of a plurality of user types; storving
the personal identification numbers in a first data structure

in the on board memory; and linking each one of a plurality
of entries in the first data structuve by reference to at least
one of a plurality of entries in a second data structure in the
on board memory, the second data structure including a list
of user types; and
restricting access to HVAC system controls including
regulating user access to an interactive user interface
display of the programmable digital thermostat,
wherein all the personal identification numbers associ-
ated with each user type arve presented with access to
all HVAC control system access level privileges asso-
ciated with each user tyvpe and
each user is presented with all privileges associated with
all of their user types, characterized by their personal
identification number.
27. The method of claim 26, wherein each of the plurality

of user types is associated with at least one of a plurality of

function sets.

28. The method of claim 26, wherein the on board memory
includes a member selected from the group consisting of
electrically erasable programmable vead only memory, flash
memory, random access memory, and network storage
devices.

29. The method of claim 26, further comprising: dynami-
cally updating the first data structure; and dynamically
updating the second data structure.
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