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ROOM TEMPERATURE SENSOR 
AND THERMOSTAT CONTROL DEVICE 

Field of the Invention 

IPO.S 

The present invention relates generally to electronic room 

temperature sensors and thermostat control devices. More· particularly, the present 

invention relates to room . temperature sensors and thermostat control devices 

having improved user controls. 

Background of the Invention 

Heating and cooling systems in large office buildings or apartment 

complexes are generally controlled, _in individual rooms, by room temperature 

sensors and thermostat control devices. Such thermostat control devices generally 

include a setpoint control device, for setting a desired room temperature, a room 

temperature sensor, for sensing the actual room temperature~ and a communication 

mechanisin for sending the setpoint and temperature information to a controller for 

determining the difference between the desired and actual room temperature and 

for sending a ~ontrol signal to the central. heating and. coqling system indicating 

temperature adju8tment needs . 

. from a users perspective, a thermostat control device's main function 

is setpoint adjustment. Setpoint controls are generally regarded. as the main 
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interface between the user and the device. Therefore, readability and ease of_ use 

of the setpoint controls are of the utmost importance. 

Setpoint controls include a display device (in one or mqre 

embodiments), for displaying the current ro·om temperature and setpoint, and a set 

point adjustment control, for adjusting the setpoint. Traditionally, setpoint 

adjustment has been accomplished by a controlling device reading either a 

resistance or _a current whic~ corresponds to a particular setpoint temperature. 

Potentiometers have been used for setpoint adjustment when the 

controlling device reads a resistance. However, because the resistance is 

continuously variable in a potentiometer, repeatability (the specific resistaQ.ce at a 

particular point of travel) is usually poor. Also, the temperature coefficient 

associated with low cost potentiometers is poor adding further inacctiracy. 

Circuits containing transistors, resistors and potentiometers have 

been used for setpoint adjustment when the controlling device reads a current. A 

variable resistance potentiometer, without any additional circuitry, would result in 

a nonlinear current change as a :function of position. Therefore, additional active 

circuitry is required to produce a linear current change as a function of position. In 

addition to the limitations of potentiometers, as described above, the active 

circuitry produces additional inaccuracies and cost. 

Display devices have pro.gressed from mercury-based thermometers 

and dials to liquid crystal display (LCD) devices. Once again, accuracy and ease 

of use are essential. The user must be able to easily read and operate the display 

device in order for it to be effective. Even the most effi~ient heating/cooling 

system8 will be ineffective ifthe user has difficulty operating the device properly. 

The heating and cooling sys1ml:8 mentioned above generally 

maintain. a ~ta~ase of setpoint and actual "temperatures for the individual rooms at 

.. · c9n:ttoUers .. The database values can· usually be viewed and manipulated using a 

·' central collSole or maintenance terminal. In this ~ay, a techitici~ or building 
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manager can adjust the setpoints in individual rooms from one central location. In 

addition, the maintenance terminals can be used to upload software upgrade~ as 

well as perform other maintenance functions. The maintenance terminal is 
.. - .· 

generally connected to the controller in some central location which can be 

difficult to get to. 

Accordingly, it is a general object of the present invention to provide 

an improved thermostat control device adapted for controlling the temperature fa a 

space which is accurate and easy to use. 

It is another object of the present invention to provide an improved 
. . 

setpoint control device which is accurate and easy to use. 

It is· still another obl.ect of the present invention to provide an 
. 

improved thermostat control device which can also be used as a maintenance 

terminal for viewing and adjusting database points stored at the controller to which 

the thermostat control device is attached. 

It is a further· object of the present invention to provide an improved 

thermostat control device which contains a man-machine interface port. for 

connecting a maintenance terminal to the temperature control system. 

Other features and advantages of the present invention will be 

app~ent from the following description taken in conjunction with the 

accompanying drawings. 

Summazy of the Invention 

In order to achieve the .foregoing ·objects, the present invention 

provides a thermostat control device with a binary coded switch for selectively 

setting a setpoint temperature. The binary coded switch in several embodiments is . . 
configµred. t~ . ~ve discrete. positions corresponding to . a plurality of setpoint -

temp~rature settings. It contain$, among other . thin~, a resistor network 

· ~onflgUred tb·· produce a setpoint .signal indicative ·9f the. bipary coded switch . . . . . . 
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position. It also includes a mechanical wiper slider assembly (a setpoint adjl,lSt 

switch) for setting the binary coded switch position. 

· A series resistor network produces a resistance, corresponding io a 

binary coded switch position. This ·is used by controlling devices which read 

setpoint temperatures as a function of resistance. The binary coded switch 

performs the function of a linear position dependent variable resistor similar.-to a 

potentiometer. However, in a preferred embodiment a 6-bit switch is used to 
. . 

provide up to 64 (26
) discrete positions with an accuracy limited by the preciSion 

of the resistors used. Using only six resistors, in the resistor network, with one 

percent tolerance would yield 64 one percent (or less) discrete resistance values 

making the resistance at a particular position, or point of travel, constant and very 

repeatable. 

The series resistor network consists of six resistors connected in 

series. The resistor values are binary weighted (multiples of 1, 2, 4, 8, etc.) so as 

to produce a linear resistance change as a function of switch position. The 

resistors are connected in parallel with mechanical switches, each resistor being 

connected in parallel to one switch. The switches are opened/closed in a biaary 

coded fashion by the setpoint adjust switch. When a switch is closed its parallel 

resi_stance is shunted. When a switch is open its parallel resistance is ~ the series 

resistor network. An intercept resistor is also provided and is connected in series. 

~ith $e series. resistor network to provide an intercept resistance when all 

switches are closed. Therefore, the series resistor networ~ produces a r~sisumce 
. . 

setpoint signal indicative of the position of the binary coded switch. 

A parallel resistor network produces a current value corresponding to 

a. bin~ ooded switch position, for systems in which the controlling device reads 
. . 

the s~oilit temperature as. a function of current. In· ·this ·case, the binary cqded 

. . switch perfonn5 the function of a position d~pendeilt cllrt'ent sink. 
. . . . . . 

· · · .· : in . this embodiment,· six. resistors are _conriected in parallel. The 
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s 
resistor values are binary weighted (multiples of l, 2, 4, 8, etc.) to produce discrete 

current values that vary linearly as a function of position. The parallel ~esistor 

network provides an inexpensive· means of obtaining up to 64 (26
) discrete 

positions each with-an accuracy limited only by the precision o~the resi~to~ ~ed. 
Using only six passive co~ponents (resistors) with one percent tolerance would 

yield 64 one percent (or less) discrete current values that vary linearly as a function 

of position and at a particular position, or point of travel, will be constant and very 

repeatable. 

The resistors are connected in series with mechanical switches, ·one 

switch being connected to each resistor. A setpomt adjust switch is configured to 

open/close the switches ·in a binary coded fashion. When a switch is closed, its 

series resister is added to the resistor network in parallel. In this manner the 

resistance will vary nonlinearly over the range while the current change will be 

linear. An intercept resistor is connected in parallel with the resistor network to 

provide an intercept current when all switches are open. Therefore, the parallel 

resistor network produces a current setpoint signal indicative of the binary coded 

switch position. 

The thermostat control device also includes a temperature sensor for 

measuring the temperature in a space and generating a temperature signal. The 

temperature signal is also sent to the controlling device. Multiple thermostat 

control devices can be connected to- a single controlling device. The controlling 

device stores the setp?int temperature and measured tempe~tw.lle for all thermostat 

control devices which are attached to it. It compares the setpoint temperatures'and 

measured temperatures and controls the flow of warm/cool air to the spaces 

accorcjingly. 

The thermostat control device can be. operated in either a day mode 

: . o~. a . ni~ht mode. During day m~de operation the thermostat control deyice 

·trans~i~ .. a.· temperature and setpoint signal to. the . controller._ · T_he controller 
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compares temperature and setpoint signals and adjusts the flow of warm/cool air 

appropriately. During night mode operation the controller compares the 

temperature signal from the· thermostat control device with a night setpoint 

configured at tlie controller (or· sometimes at the thermostat control device) for 

expected night occupancy. A mode override sWitch is provided on the thermostat 

. control device for overriding night mode operation so that the controller, once 

again, uses ~e Day setpoint signal transmitted from the thermostat control device 

when adjusting the flow of warm/cool air. 

In one embodiment, the display device on the thermostat control 

device is used to display the setpoint temperature and the measured tempera~e. 

The display device is configured to display temperatures in either metric or 
. 

standard engineering units. The display device is also configured to display 

whether the thermostat control device is operating in day mode or night mode. 

A man-machine interface port is provided on the thermostat control 

device for connecting a mainten~ce terminal to the controller. By placing n'lan­

machine interface ports on the thermostat control devices, routine maintenance can 

be performed at any thermostat control device location. No longer is a 

maintenance person required to find inconveniently placed controllers in order to 

perform tasks such as controller setpoint adjustment. 

In another embodimeµt, the thermostat control device is configured 

with digital setpoint controls. A microprocessor is responsible for transmitting the 

setpoint to a networked controlling device. A man-ma~hirie interfac~ port is 

included for connecting a man-machine computer to the controlling device and for 

pladng the microprocessor in an. idle state when the man-machine computer is 

, plugged iii~ The man-machine computer is configured to communicate directly to 

the controllll,ig c;levice and may be used for m~nitorblg and .controlling inputs and 

9utputs of the controlling device. The man-machine inte~ce (MMI) port provided 

~ on the t:J:ieritiostat control device with digital setpo_in:t- CO:ntrols. is al~o configured 
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for receiving a hardware passkey. The hardware passkey is a pencil-like hardware 

security device which allows access into the point database of the controlling 

device. When the passkey is inserted in the :rvflVII port, database information from 
- ~ . . 

the controlling device is displayed on the display of th~ thermostat control. device.-

This will enable the user to scroll through the point database stored in the 

controlling device and modify the database from the thermostat control device 

without the need for a maintenance terminal. 

Brief Description of the Drawings 

FIGURE I is a perspective view showing a front panel of an analog 

thermostat control device in accor~ance with the p·resent invention; 

FIG. 2 is an exploded perspective view of a setpoint adjust switch; 

FIG. 3 is a block diagram of an analog thermostat control device in 

accordance with the present invention; 

FIG. 4 is a circuit diagram of one embodiment of a binary coded 

switch including a series resistor network; 

FIG. 5 is a two-dimensional graph showing how resistance of the 

series resistor network varies with respect to setpoint adjust switch position and · 

setpoint temperature; 

FIG. 6 is a circuit dia~ of another embodiment ofa binary c~ded 

switch including a parallel resistor network; 

FIG. 7 is a two-dimensional graph showing '1mv resistance of the 
. . 

parallel resistor network varies with respect to setpoint adjust switch positio~ and 
. . . 

setpbintteinpera~e; 

FIG. 8. is a two-dimensional graph showing how controller read 

current-of the parallel resistor network varies with respect to setpoint adjust switch . . ,· . . . 

p~sit~on .and setpoint temperature; 

.· -"I~·t~ .. 9 is a perspective _view showin_g ·a front pane~ of a digital 
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thermostat control device in accordance with the present invention; 

. FIG. 10 is a block diagram of a digital room temperature sensor anq 
thermostat control device in accordance with the present invention. 
. . 

Description of the Preferred Embodiment 

Broadly stated, the present invention presents an improved 

thermostat C<?ntrol device. In the analog version, a binary coded switch is included 

for se!ectively setting a setpoint temperature. The binary coded switch contaiils a 

setpoint adjust switch, for setting the position of the binary coded switch, and a 

resistor network for producing a setpoint signal indicative of the binary coded 

switch position. 

Preferred embodiments of an improved thermostat control device are 

described herebelow with reference to the drawings. 

A series resistor network is provided for systems in which a 

controlling device reads setpoint temperature as a function of resistance. A 

parallel resistor network is provided for systems in which a controlling device 

reads setpoint temperature as a function of current. The resistor networks· are 

configured to produce a setpoint signal which varies linearly over the range of the 

binary coded switch. 

A digital thermostat ~ontrol device is provided with a lvJMI port. 

The MMI port is configured to accept a hardware passkey. When the hardware 

passkey is inserted into the l\1MI port, point database information . fi'.om the 

contr~lli~g device is displayed on the thermostat control device. The database 

information can be viewed and modified at the thermostat control device. 

Turning now to the draWings, in p~cular Figs. 1, 2 and 3, the front 

panel, .. a .setpoint adjust switch and a schematic black diagram of the antllog 

·th~nn.ostat control device are shown respectively. Located on ·the front panel l 0 of 
.. . .. . . . . 

'the Arialog.'thermos~t control deyice 12 is a ·setpo~n~··adjust swi~~ 14, an LCD 
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display 16 and a mode override switch 18. The setpoint adjust switch 14 is used to 

adjust the position of a binacy coded switch 20. The LCD display 16 is contlgure_d 

to display the room temperature. 

In the preferred embodiment, the setpoint adjust switch 14 has 41 

discrete positions. Each position corresponds to a setpoint temperature between 

and including 55 °F and 95 °F. Therefore, the setpoint temperature is adjusted by 

adjusting the position of _the binacy coded switch- 20 using the setpoint adjust 

switch 14. A switch cover door 22 is provided on the front panel, and is 

configured to enclose and protect the setpoint adjust switch 14 when closed. 

As shown in FIG. 2, the setpoint adjust switch 14 consists of a 

housing 24, a wiper ann 26 and cap 26a, and a wiper 28. The wiper 28 has six 

separate electrically isolated blades which have opposite ends that contact six 

strips of conductive surfaces 31a and 3lb. The user selects a setpoint temperature 

by moving the wiper ann 26 to a position corresponding to the desired setpoint 

temperature. In response, 'the wiper 28 closes mechanical switches located in a 

resistor network 30 that are connected using the binacy coded conductive surfaces 

3 la arid 3 lb of a printed circuit board 33. The left end of the blades of the wiper 

28 contact one of the solid conductive strips 31 b whereas the right end of each 

wiper blade will selectively contact various ones of the binary coded surfaces 3 la 

as a function of the position of wip~ 28 along its path of travel. A controller 32 

polls the resistor network 30 at predetermined intervals reading a setpoint signal 34 

generated by the resistor network 30 responsive to the posltion of the setpoint 

adjust switch 14. The controller 32 st~res the setpoint ·information in a point 
. -· 

~taba8e 36 along with other point information from all thermostat control devices 

connected 'to it. 

The analog thermostat control d~~ · 12 · also contains a room 

t~µiperature sensor 38 and a MMI. port 40. The MMl p~rt 40 is configured to 

. ~ccept -~ conh~ctfon J!om a maintenance terminal. Wh~ ~e ma,iilten~ce te~inal 
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is connected to the .MMI p_ort 40 the maintenance tenninal takes control of the 

thermostat control device's operation. The maintenance terminal can then be used 

to perform routine maintenance on the controller 32, such as controller setpoint 

adjustment. When the maintenance terminal is unplugged from the :MMI 40 the 

thermostat control device 12 resumes it~ nolJllal operation. 

The room temperature sensor 38 measures the actual temperature-in a 

space and generates a temperature signal indicative thereof. The controller 32 also 

polls the room temperature sensor 38 at predetermined intervals reading the 

temperature signal. The controller 32 stores the measured temperature information 

in the point database 36 with the other point information. 

The controller 32 compares the. setpoint information and the 

measured temperature information stored in the point database 36 and generates a 

temperature adjust signal 42 which is sent to a heating/cooling unit 44. The 

temperature adjust signal 42 is indicative of the difference between the desired 
. 

room temperature (setpoint temperature) and the actual room temperature 

(measured temperature). The heating/cooling unit 44 attempts to adjust the actual 

room temperature to be equal to the desired room temperature by supplying heated 

or cooled air to the space. 

Tlle controller 32 is also configured to have dual modes of operation, 

both a day mode and a night mode. During day mode operation, the controller 32 

operates in the manner described above. In night mode operation, the controller 32 

compares the measured temperature information to a ni8h:t _setpoint programmed 
. . 

into the point database. The night setpoint is configured to .conserve energy by 
-· 

setting·.-the night setpoint to reflect the reduced temperature control needed dunng 

periods when occupancy is usually· reduced. The controller 32 is generally 
. . 

equipped With a timer which switches the mode of ·operation between. day and 
• I • • • 

n~ght mode, and visa versa, according to a preprog[ammed ~me schedule. . 
. . . 

. · · The analog thermostat control device's mode override switch 18 is . . . ··. . . . . . 
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used to override the controller 32 when it is in night mode. When the user 

overrides night mode, by pressing the mode override switch 18, the controller 32 

switches back to comparing the measured temperature information to the setpoint - - . 

information supplied by the thermostat control · device 12 in calculating the 

temperature adjust signal 42. 

A series resistor network is shown in FIG. 4. Series resistor 

networks ar('. desirable wh~n the controller 32 is configured to read the setpoint 

temperature from the thermostat control device 12 as a function of resistance. In a 

6-bit binary coded switch, an intercept resistor 46 is connected in series with 6 

setpoint resistors 48, 50, 52, 54, 56 and 58. The setpoint resistor values are 

weighted in a binary fashion. In the preferred embodiment, setpoint resistor 48.has 

a value of 10.5 ohms (0), and setpoint resistors 50, 52, 54, 56 and 58 have values 

of 21.00, 42.20, 84.50, 1690 and 3400 respectively. Note that the setpoint 

resistors values are approximately binary weighted multiples of a primary value 

10.50, with coefficients of 1, 2, 4, 8, 16 and 32. Because actual EIA resistor . 

values are not exact multiples of two, the standard 1 % values closest to the iaeal 

calculated values are used in the preferred embodiment. 

A separate switch is connected in parallel with each setpoint resistor. 

The switches 60, 62, 64, 66, 68 and 70 are open by default but are configured to be 
closable by the setpoint adjust switch 14. When all switches are closed the 

intercept resistor 46 provides a minimum resistance value to be .read by the 

controller 32. In the preferred embodiment, the intercept resistor 32 has a.value of 

8660. 

The setpoint adjust switch 14 is _coQfigured to open/close the 

switches ~.a binary coded fashion. 1n· position z~, which corresponds to SS 0 ·, all 
. . . . . 

sw~t_cheS .are .closed, which corresponds to a binary coded value-.of 64 (O=open, 

1 ~losed).. As the setpoint temperature is raised, by moying the setpoint adjust 

. switch" 14, switches are opened/closed in a_ binary .c6de<J fashiO~ i.ncreasing the 
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resistance of the resistor network .30 and deqreasing the binary coded value. For 

example, in position 1, the switch 60 is opened, corresponding to binary coded 

value of 63; in position 2, switch 62 is opened and 60 is closed, ~n position 3 
- . . . 

switches 60 and 62 are both opened; in ·position 4, switch 64 is opened and 

switches 60 and 62 are closed, and so on until in position 40, switches 68 and 66 

are closed and all other switches are open. Therefore, the resistance read by the 

controller 32 varies with setpoint adjust switch position as shown in FIG. 5. 

In a second embodime~t shown in FIG. 6, a parallel resistor network 

is provided for systems in which the controller 32 reads the setpoint temperature as 

a function of current. In this embodiment, an intercept resistor 72 is connected in 

parallel .with 6 parallel setpoint resistors 74, 76, 78, 80, 82 and 84. Again, the 

setpoint resistor values are weighted in a binary fashion. In this embodiment, 

setpoint resistor 74 has a value of 18.7KO, and setpoint resistors 76, 78, so: 82 

and 84 have values of 37.4KO, 75.0KO, 150KO, 301KO and 604KO 

respectively. Note that the setpoint resistor values are approximately binary 

weighted multiples of a primary value 18.7KO, with coefficients of 1, 2, 4, 8, 16 

and 32. 

A separate switch is connected in series with each parallel setpoint 

resistor. The switches 86, 88, 90, 92, 94 and 96 are open by default but are 

configured to be closable by the setpoint adjust switch 14. When all switches are 

closed, the intercept resistor 72 produces a maximum current value to be read by 

the controller 32. In this embodiment, the intercept resi~tor 72 has a value of 

14.3KO. 

The setpoint adjust switch 14 is configured to close the parallel 

switches in a binary coded fashion. In position zero, which corresponds to 55 °, all 
. . . . 

swltches are open corresponding to a binary coded vaiue of zero. As the setpoint 

temperature is raised, by moving the setpoint adjlist switch 14, switches are 
.· . .· . . . . . 

opened/closed in· a binary coded fashion, increasing the binary' ~lu_e, decreasing 
. . . 
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the resistance and increasing the current of the resistor network 30. The resistance 

of the parallel resistarice ne~ork varies non-linearly with respect to setpoint adjust 

switch position as shown in FIG. 7. This produces the linear relatiom~hip between 
- . 

controller read current and setpoint adjust switch position shown in FIG. 8. 

FIGS. 9 and 10 show the front panel and a block diagram of a digital 

thermostat control device. Located on the front panel 98 of the digital therm0stat 

control device 114 are setpoint adjust controls l 02 and 104, a display control key 

106, an LCD display 108, a mode override switch 110 and a controls cover 112. 

The up-arrow setpoint adjust control l 02 is used to raise the setpoint temperature. 

The down-arrow setpoint adjust 104 is used to lower the setpoint temperature. The 

controls cover 112 is configured to enclose and protect the setp.oint adjust controls 

102 and 104 and the display control key 106. 

The LCD display 108 is configured to display the setpoint 

temperature or any other controller database point called a "critical point", rQom 

temperature and mode of operation. The default display shows the room 

temperature and mode of operation. However, the user can select views showing 

critical point and mode of operation or room temperature, setpoint and mode of 

operation. In this embodiment, the digital thermostat control device 114 contains a 
microprocessor 116 .for maintaining and transmitting setpoint temperature 

information to a controller 118. It.also contains a room temperature sensor 120, 

and a man-machine/passkey. interface port 12.4. The room temperature sensor 120 

measures the actual temperature in a space and generates a ·temperature signal 

indicative thereof. The microprocessor generate8 a setpoint temperature signal . -~ . . 
indicative of a setpoint temperature set by the setpoint adjust controls 102 and 104 

and transm~ts the setpoint temperature signal to_ the _controller. The controller 
. . . 

reads .th~ · teiµperature signal directly from tbe rooin· temperature sensor. The 

con~oll.er 118 stores the measured temperature and. setpoint temperature 
. .. . .. ·. . . . 

· infomiatiOn."in a·poin~ database 126 with other point~forn_iation.: · 
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The controller 118 compares the setpoint information· and . the 

measured temperature information stored in the point database 126 and generates a 

temperature adjust signal 128 which is sent to a heating/cooling unlt 130. The 
- . 

temperature adjust signal 128 is indicative of ~e difference between the desired 

room temperature (setpoint temperature) and the actual room temperature 

(measured temperature). The heating/cooling unit 130 attempts to adjust the actual 

room temperature to be eq~al to the desired room temperature by supplying heated 

or cooled air to the space. 

Again, the controller 118 is configured to have dual modes of 

operation, both a day mode and a night mode, and the mode override switch 110 is 

-configured to override the night mode. The digital thermostat control device 114 

also contains a man-machine interface port 124, similar to the analog thermostat 

control device 12, for connecting a maintenance terminal for use in performing 

maintenance tasks on the thermostat control device 114 and the controller 118. 

When a maintenance terminal is plugged into the lv.llv1I port 124, ·the 

microprocessor 116 is placed in an idle state and the maintenance terminal 

assumes control. When the maintenance terminal is disconnected the 

microprocessor 116 and the thermostat control device 114 resume normal 

operation. . 
In an effort to make it·easier to maintain the point database 126, a 

port 124 is provided on the digital thermostat control device 114. The MMI port 

·124 is configured for receiving a hardware passkey. The hardware passkey is a 

pencil"."shaped hardware device which, when inserted in the lv.llv1I port, allows the . _ ... 

user. ac~s into the· controller point database 126 from the digital thermQstat 

control device 114. In the preferrCd embodiment, the hardware passkey is 
. . . 

terminated oq one end with a modular plug which has two wires soldered together . 

. : · Upo11 sensing connection to the man-machine int~face port 124 the 
: . . . . . . . . 

. microprocessor t 16 goes into a point display .mod~ where the. P?in~ information 
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from the point database 126 is displayed on the LCD 108 of the thermostat control 

device 114. The user can scroll through the point information by using the dis~Iay 

control keys 102 and I 04 and can modify the point information using th~ setpoint 
. -

adjust controls 102, I 04 and 106. In the point di~play mode the user may set up 

the normal idle display to display temperature and/or some (critical) point in the 

database, or no temperature and no other point. When a critical point is displayed,­

the display alternately ~isplays the point value and the point's . unit of 

measurement. When the hardware passkey is removed from the ~ port 124 the 

thermostat control device resumes its normal operation. 

It will be appreciated that the above-disclosed embodiments are well 

calculated to achieve the aforementioned objectives of the present ..invention. In 
- . 

addition, it is evident that those skilled in the art, once given the benefit of the 

foregoing disclosure, may now make modifications of the specific embodiments 

described herein without departing from the spirit of the present invention. Such 

modifications are considered within the scope of the present invention which is 

limited solely by the scope and spirit of the appended claims. 
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WHAT IS CLAINIBD IS: 

1. A thermostat control device adapted for use co~trolling the 

temperature of a space by a temperature control system, the.device comprising: 

means for measuring temperature in the space and generating a 

temperature signal indicative thereof; 

a binary coded switch having discrete positions corresponding to a 

plurality of setpoint temperatures for selectively setting a setpoint temperature; . 

means for determining the position of said binary coded switch and 

generating a setpoint signal responsive to said determined position; and 

means for transmitting said temperature signal and said setpoint 

signal to the te~perature control system. 

2. A thermostat control device according to claim 1 wherein said 

means for transmitting said setpoint signal comprises the temperature control 

system reading said setpoint signal as a resistance. 

3. A thermostat control device according to claim 2 wherein said 

binary coded switch comprises: 

an intercept resistor; 

a series resistor network connected in series with said intercept 

resistor and comprising a network of setpoint resistors and switches, said $etpoint 

resistors being conneeted in series and having a value equal to 2""1R where Risa 

reference resistance value and n is a position number of a setpoint resistor in said 

network wif:b position number one being closest t~ said intercept resistor, and said 

switches b~ing Qpen and connected in pandlel with smd setpoint ~sistors so that . 

. everr.setpoint resistor has one correspondingsWitch connec~ed therewith; and 

·· .. a setpoint adjust switch configured to open/close ,said switches in a 
. . . . . . 

.. 
. ·-··-----~---------
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binary coded fashion generating a resistance indicative of said binary coded switch 

position. 

. . . . 

4. "A thermostat control device according to claim 1 wherein said 

means for transmitting said setpoint signal comprises the temperature control 

system reading said setpoint signal as a current. 

5. A thermostat control device according to claim 4 wherein said 

binary coded switch comprises: 

an intercept resistor; 

a parallel resistor network connected in parallel with said.intercept 

resistor and comprising a network of setpoint resistors and switches, said setpoint 

resistors being connected in parallel and having values equal to 2n-1R where R is a 

reference resistance value and n is a position number of a setpoint resistor in said 

network with position number one being closest to said intercept resistor, and said 

switches being open and connected in series with said setpoint resistors so that 

every setpoint resistor has one corresponding switch connected therewith; and 

a setpoint adjust switch configured to open/close said switches in a 

bim;lry coded fashion generating a current indicative of said binary coded switch 

position. 

6. A thermostat control device according t~ cfaim 1 whe.rein the 

devic~ further comprising: 

means for disabling transmission of setpoint signals when the 

temperature control system switches ·to a night mode of operation wherein the 

tempe~ttire con~ol system controls setpoint temperature setting. 

·.~~--
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7. A thermostat control device according to claim 6 wherein. the 

device further comprising: 

means for overriding the temperature control system when the 

temperature control system· is in night mode, so that the thermostat control device -

controls setpoint temperature setting. 

8. A thermostat C\Jntrol device according to claim 1 wherein the 

device further comprising: 

means for displaying said measured temperature and/or said setp~int 

temperature in metric or standard engineering units. 

9. A thermostat control device according to claim 6 wherein the 

device further comprising: 

means for displaying said temperature control system mode of 

operation. 

10. A thermostat control device according to claim 1 wherein 

the device further comprising: 

a man-machine interface port for connecting a man-machine 

interface computer to said temperature control system so that said man-machine 

interface computer may communicate with said temperature control system. 

11. A thermostat control device adapted for use in controlling 

the tempera~ in a space by a temperature control_ system, the device comprising: 
. . . 

,me.ans for meas_uring the tempera~ hi ·the· space and generating a 

... · temperature signal indicative thereof;. 
·. . . . . . 

.· · a binary coded switch having discrete_ posi~on8 corresponding to a 
-~----------··---'---· 
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plurality of setpointtemperatures.for selectively setting a setpoint temperature and 

containing an intercept resistor, a series resistor network connected in series with 

said intercept resistor and comprising a network of setpoint resistors ~d switches, 
- .· . 

said setpoint resistors being connected in series and havfug a value equal to 2•1R 

where R is a reference resistance value and n is a position number of a setpoint 

resistor in said network with position number one being closest to said intercept 

resistor, and said switches. being open and connected in parallel with said setpoint 

resistors so that every setpoint resistor has one corresponding switch connected 

therewith and a setpoint adjust switch configured to open/close said switches in a 

binary coded fashion generating a resistance value indicative of said binary coded 

switch position; 

means for generating a setpoint signal responsive to said resistance 

value; 

means for transmitting said temperature signal and said setpoint 

signal to the temperature control system; and 

means for displaying said measured temperature and/or said setpoint 

temperature in metric or standard engineering units. 

12. A thermostat control device according to claim 11 wherein 

the device further comprising: 

means for disabling transmission of setpoint signals when the 

temperature control system switches to a night mode of.operation wherein the 

temperature control system controls setpoint temperature setting . 

. 13. A thermostat·eontrol device according to claim 12 wherein 

the device-fin:tbe.r comprising: 

. means for overriding the temperature co~trol system when the 
. . .· . 

· temperature ·control system is in night mode, so tha~ the ~ennos~t ~ontrol device 
-------~-¥--------

111111111111111111111111111111 
* C L M S * 



---------------------------------··----"--~~-·---·-.--·.--·-.· 

2.0 

controls setpoint temperature setting. 

14. A thermostat control device according to claim 12 whe!ein 

said means for displaying is also configured to display said mode of operation. 

15. A thermostat control device according to claim 11 wherein 

the device further comprising: 

a man-machine interface port for connecting a man-machine 

interface computer to said temperature control system so that said man-machine 

interface computer may communicate with said temperature control system. 

16. A thermostat control device adapted for use in controlling 

the temperature of a space by a temperature control system, the device comprising: 

means for measuring the temperature in the space and generating a 

temperature signal indicative thereof; 

a binary coded switch having discrete positions corresponding to a 

plurality of setpoint temperatures for selectively setting a setpoint temperature .and 

containing an intercept resistor, a parallel resistor network connected in parallel 

with said intercept resistor and comprising a network of setpoint resistors and . . 

switches, said setpoint resistors be~g connected in parallel and having values 

equal to 2n-1R where R is a reference resistance value and n is a position -number of 

a setpoint resistor in said network with position number on:e being closes~ to said 

intercept resistor, and said switches being open and connecte~ in series with said 
. -· 

setpoinf resistors so that every setpoint resistor has one corresponding switch 

connected· therewith and a setpoint adjust switch configured to open/close said 

switch.es hi a_ .b~ coded fashion generating a" current value indic_ative of ~aid 

b~8o/ coded switch position; 

.. _: meanS for generating ~ set point signal r~porisive to· current value; . . . . . . . 
-------·-··--··------------
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. means for comparing said temperature signal and said setpoint signal 

and generating a control signal for transmission to the temperature control systen;i. 

when said temperature signal does not equal said setpoint signal; and 

means for displaying said measured temperafure and/or said setpoint 

temperature in metric or standard engineering units. 

17. A thermostat control device according to claim 16 wherein 

the device further comprising: 

means for disabling transmission of setpoint signals when . the 

temperature control system switches to a night mode of operation wherein the 

temperature control system controls setpoint temperature setting. 

18. A thermostat control device according to claim 17 wherein 

the device further comprising: 

means for overriding the temperature control system when the 

temperature control system is in night mode, so that the thermostat control device 

controls setpoint temperature setting. 

19. A thermostat control device according to claim 17 wherein 

said means for displaying is also conflgured to display said mode of operation. 

20. A thermostat control device according to claim 16 wherein 

the device further comprising: 

a man-machine interface port for connecting a man-machine 

interface COI~puter to said temperature control system so that said man-machine 

interface· ·comp_utCJ" may communicate with said te:mperature ·control system. -
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22. 

21. A tI?-ermostat control device adapted for use in controlling 

the temperature of a space ~ya tempera~re control system, the device comprising: 

means for measµring the temperature in the space and generating a 

temperature signal indicative thereof; · 

means for setting a setpoint temperature and generating a setpoint 

signal indicative thereof; 

il microprocessor for transmitting said setpoint signal to a networked 

temperature· control system; 

means for disabling of setpomt signals when the temperature control 

system switches to a night niode of operation wherein the tempe~ture control 

system controls s@loint temperature setting; 

means for overriding the temperature control system when the 

temperature control system is in night mode, so that the thermostat control device 

controls setpoint temperature setting; 

a liquid crystal display for displaying said measured temperature 

and/or said critical point, and mode of operation; 

means for switching temperature display mode between metric and 

standard engineering units; 

means for storing said setpoint temperature, mode of operation .and 

display mode; 

a display driver for driving said liquid crystal display under said 

microprocessor control; and 

a man-machine interface por:t for receiving· a. hardware passkey 

whereby when said passkey is inserted in said MMI port, database information 

from said networked temperature control systein is displayed on said liquid crystal 

displa:y .. · 
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22. A thermostat control device according to claim 21 wherein 

the device further comprising: 

a man-machine interface port for connecting a man-machine 

interface computer to said networke<;l :temperature control ·system and placing s~id 
microprocessor in an idle state when said mail-machine interface computer· is 

connected to said man-machine interface port so that said man-machine interlace 

computer may communicate directly with said networked temperature control 

system. 

23. A thermostat control device according to claim 21 wherein 

the device further comprising: 

means for retrieving said stored setpoint temperature from said 

means for storing upon initial power up or after a power failure; and 

means for restoring said setpoint temperature with said stored 

setpoint temperature. 

24. A thermostat control devi~e according to claim 21 wherein 

the device further comprising: 

means for setting said setpointtemperature to a predetermined 

default setpoint value when said m_eans for storing does not contain a setpoint 

temperature~ 
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2.4 
ROOM Ta.1PERATURE SENSOR 

AND THERMOSTAT CONTROL DEVICE 

Abstract of the Disclosure 

A thermostat control haviri.g improved user controls wherein an 

analog version contains a binary coded switch for selectively setting a setpoint 

temperature. The binary coded switch is configured to have discrete positions 

correspond~ng to a plurality of setpoint temperature settings. It contains, among 

other things, a resistor network configured to produce a setpoint signal indicative 

of the binary coded switch position and a setp~int adjust switch for setting the 

binary coded switch position. Also, digital version having a man-machine 

interface port, wherein point information from a controller can be viewed and 

modified with the thermostat control device controls when a hardware passke.y is 

inserted into the man-machine interface port. 
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ROOM TEMPERATURE SENSOR 
AND THERMOSTAT CONIROL DEVICE 

Field of the Invention 

REPLACEMENT.SHEET I 0 ;·~·~;~·ml I 

The present invention relates generally to electronic room 

temperature sensors and thermostat control deviC?CS. More particularly, the present 

invention relates to room . temperature sensors and thermostat control devices 

having improved user controls. 

Background of the Invention 

Heating and cooling systems in large office buildings or apartment 

comp_lexes are generally controlled, .in individual rooms, by room temperature 

sensors and thermostat control devices. Such thermostat control devfoes generally 

include a setpoint control device, for· setting a desire4 room tempC?rature, a room 

te~perature sensor, for sensing ti,.e actual room temperature~ an~ a communication 

mechamsin for sending the setpoint and temperature information to a controller for 

determining the difference between the desired and actual room temperature and 

for· sending a control signal to the central heating and cooling system indicating . . . . 
temperature adjustment needs. 

. .From a users perspective, a thermostat conµ"ol device's main function 

is setpoint adjustment. Setpoint controls are generally regarded as the main 
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interface between the user and the device. Therefore. readability and ease o~ llSe 

of the setpoint controls are of the utmost importance . 
. . 

Setpoint controls include · a display device (in oQ.e or mQre 

embodiments), for displaying the current ro<>m temperature and setpoint, and a set 

point adjustment ®ntrol, for adjusting the setpoint. Traditionally, setpoint ~ 

adjustment has been accomplished by a controlling device reading either a 

resistance or _a current whic~ corresponds~ a particular setpoint temperature. 

Potentiometers have been used for setpoint adjustment when the 

controlling device reads a resistance. However, because the resistance is 

continuously variable in a potentiometer, repeatability (the specific resistaQ.~ at a 
. . .. 

particular point of travel) is usually poor. Also, the· temperature coefficient 

associated with low cost potentiometers is poor adding further inaccUracy. 

Circuits containing transistors, resistors and potentiometers have 

been used for setpoint adjustment ~hen the controlling deyice reads a current. A 

variable resistance potentiometer, without any additional circuitry, would result in 

· a nonlinear current change as a functiOO. of position. Therefore, additional active 

circuitry is required to produce a linear current change as a :fuilction of position. In 

addition to the limitations of potentiometers, as desc~bed above, the active 

circuitry produces additional inaccuracies and cost 

Display devices have progressed from mercury-based them;iometers 
. . 

and dials to liquid crystal display (LCD) devices. Once again, accuracy and ease 

of use are essential_. The user must be able to easily read ~d ·operate the display . 

device in ~rder .for it to be effective. Even the most effi~ient heating.lcooling 
. ~ ... 

systems will be ineffective if the user has difficulty operating the device properly. 

The heating and cooling system_s mentioned above generally 

maintain a d~ta~ase of setpoint and actual temperatures for the indiyidual rooms at 

c9nt(ollers. The database values can· usually be viewed and manipulated using a 

· · central· con8ole or maintenance terminal. In this way, a tec\1,ti.ci~ or building 
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manager can adjust the setpoints in individual rooms from one central location. In 

addition, the maintenance terminals C8Q be used to upload software upgrad~ as 

well as perfonn other mahitenance functions. The maintenance tenninal is 
- . . . . . .· 

generally connected to the controller in some central location which can be 

difficult to get to. 

Accordingly, it is a general object of the present invention to provide 

an improved_ thermostat ·control device adapted for controlling the temperature in a 

space which. is accurate and easy to use. 

It is another object of the present invention to pro~de an improved 

setpoint control device which is acctirate and easy to use. 

It is· still . _another oQj_ect of the present invention to provide an 
. 

improved thermostat control device which can also be used as a maintenance 

terminal for viewing and adjusting database points stored at the controller to which 

the thermostat control device is attached. 

It is a further".object of the present invention to provide an improved 

thermostat control device which cpntains a man.:. machine interface port. for 

connecting a maintenance terminal to the temperature control system. 

Other features and advantages of the present invention. will be 

app~ent from the following description taken in conjunction with the 

accompanying drawings. 

Summaiy of the Invention 

In order to . achieve the foregoing ·objects, the present invention 

provides a· thermostat control device with a binary coded switch for selectively 

setting a setpoint temperature. The binary coded switch in several embodimen!S is 

configµre(f to . h~ve discrete. positions corresponding to . a plurality of setpoint . . . 

. . t~mp~rature settings. It con~, among other thin~, a resistor network .. 
· ~onflgur~d to.· prOdu~ a setpoint signal indicative ~f ~e bi~ary ~oded switch 

' 
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position. It also includes a mechanical wiper slider assembly (a setpoint aOJ1,1St 

switch) for setting the binary coded switch position. 

·A series resistor network produces a resistance, corresponding Jo a 

binary coded switch position. This "is -used by controluDg deViceS which read 
setpoint temperatures as a function of resistance. ~e binary coded switch ··· 

performs the function of a linear· position dependent variable resistor simila( .. to a 

potentiometer. However,· in a preferred embodiment a 6-bit switch is used to 
. . 

provide up to 64 (26
) discrete positions with an accuracy limited by the p~ciSion 

of the resist()rs used. Using only six resistors, in the resistor network, With on~ 
percent tolerance would yield 64 one.percent (or less) discrete resistance values 

making the resistance at a particular position, or point of -travel, constant and very 

repeatable. 

The series resistor network consists of six resistors connected in 

series. The resistor value8 are binary weighted (multiples of 1, 2, 4, &,_etc.) so as · 

to produce a linear resistance· change as a function of switch position. The . . 
resistors are connected in parallel with mechanical switches, each resistor being 

conne~ted in.parallel to one switch. The switches ar~ opened/closed m·a biaary 

coded fashion by the setpoint adjust switch. When a switch. is closed its parallel 

resistance is shunted. When a switch is open its parallel resistance is in the series . . ' 

resistor network. An intercept resistor is also provided and is connected in series. 

~ith ~e series. resistor network to provide an intercept resistaiice when all 

switches are closed. Therefore, the series resistor networ~ prOduces a ~isumce 
. . 

setpoint signal indicative of the position of the binary coded switch. 

A parallel resistor network produces a current value corresponding to 

a binary ooded switch position, for systems in which the controlling device reads 

the se~oirit temperature as. a function of ·current. In ·this ·case, the binary CQded 

' swit~h performS the function of a po~ition dependent curren~ sink. 

.· · In . this embodiment, six resistors are conriecte<l . in parallel. The -
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resistor values are binary weighted (multiples of 1, 2, 4, 8, etc.) to pro uce 

current values that vary linearly as a function of position. The parallel ~e8isto~ 

network provides an inexpensive· means of ob~ing up to 64 (26
) discrete 

positions each with-an .accuracy limited only by the precision of the resi~tO~ usCd. . . 
Using ·only six passive corqponents (resistors) with one percent tolerance would ··· 

yield 64 one percent (or less) discrete current values that vacy linearly as a function 

of position and at a particular position, or point of travel, will be constant and very . 

repeatable. 

The resistors are connected in series with mechanical switches, -one 
' 

switch being connected to each resistor. A setpofu.t adjust ~tch is configured to 

open/close the switches ·in a binary coded fashion. When a switch is closed, its.·: 

series resister is added to the resistor network. in parallel. In this manner the 

resistance will vary nonlinearly over the range while the current change will. be 
. 

lin~. An intercept resistor iS connected in parallel with the resistor network to 

provide an intercept current when all switches are open. Therefore, the. parallel 

resistor network produces.a current setpoint signal indicative of the binary .coded 

switch position. 

The thennostat control device also includes a temperature sensot for 

me~uring the temperature in a space and generating a temperature signal. The 

temperature signal is also sent to the controlling device~ Multiple thermostat 

control devices can be connected ·to- a siilgle controlling device. The controlling 

device stores the setpoint temperature and measured temperat1Jre for all thermostat . .. . . . 

control devices which are attached to it. It compares the se4>oint temperatures "and 

measured temperatures and controls the flow of wann/cool. air to the spaces 

aceor4ingly. 

Th~ thermostat control device can be. operated in either a day mode . . 

.. or a night mode. During day mode Qperation the thermostat control device . . . . . . 
,t.-ans~it$ ··a :temperature and setpoint signal to the . eontro~le.; .. · 1Jle controller 
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compares temperature and setpoint signals· and adjusts the fl coo air 

appropriately. During night mode operation the controller compares the 

temperature signal from the· thermostat control device with a night setpoint 
. . 

configured at tlie controller (or· sometimes at the thennostat control device) for 

expected night occupancy. A mode override sWitch is provided on the thennostat -· 

·control device for· overriding night mode operation so that the controller, .once 

again, uses ~e Day setpoi.nt signal transmitted .from the thennostat control device 

when adjusting the flow of wann/cool air. 

In one embodiment, the display device on the th~nnostat control 

device is used to .display the setpoint temperature and the measured tempera~. 

The display device is configured to display temperatures in either metric or .. 
standard engineering un).ts. The display device iS also configured to display 

whether the thermostat control device is operating in day mode or night mode. 

A man-machine interface port is provided on the thermostat con~l · 

device for connecting a mainten~ce terminal to the controller. By placing man-: 

machine interface ports on the thermostat co~trol devices, routine maintenance can · 

be performed at any thermostat control device location. No longer is a 
maintenance person required to find inconveniently placed controllers in order to 

perform tasks such as controller setpoint adjustment 

In another emb"odime~t, the thermostat control device is configured 

with digital setpoint controls. A microprocessor is responsible for transmitting .the 

setpoint to a networked controlling device. A man-m~hirie interfa~ port is 

included for connecting a man-machine computer to the controlling device and for 
-· 

pla"cing the microprocessor in an. idle state when the man-machine computer is 

plugged iii. The man-machine computer is configured to communica~e directly to 

the controll~g ~evice and may be used for mQllito~g and controlling inputs and 

~>Utputs of the controlling device. Tue man-machine interf~ce (MMI) port provided 

on the therihostat control device with digital setpo~t· co.ntrols. is a~o configured 
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for receiving a hardware passkey. The hardware passkey is a penc1 - 1 .e 

security device which allows access ·into the point database of the controlling 

device. When the passkey is inserted in the MMI port, database information from 
- .. . . 

the controlling device is displayed on the display of th~ thermostat control. device: 

This will enable the user to scroll through the point database stored in the ··· 

controlling device and modify the database from the thermostat control device 

without the need for a maintenance tenninal. 

Brief Description of the Drawings 

FIGURE 1 is a perspective view showing a front p~el of an analog . 

thermostat control device in acco~ance with the present invention; 

FIG. 2 is an exploded perspective view of a setpoint adjust switch; 

FIG. 3 is a block diagram of an analog thermostat control device in 

. • accordance with the present invention; 

FIG. 4 ~s a circuit diagram of one embodiment of a binary coded 

sWitch including a series resistor network; 

FIG. S is a two-dimensional graph showing how resistance of the 

series resistor network varies with respect to setpoint adjust switch position and · 

setpointtemperature; 

FIG. 6 is a circuit dia~ of another embodiment of a binary ~ded 

switch including a parallel resistor network; 

FIG. 7 is a two-dimensional graph showing _how resistance of the 
. . 

parallel resistor network varies with respect to setpoint adjust switch positioJ]. and 
. -· 

setpoint'teinpera~; 

FIG. 8. is a two-dimensional graph showing how controller read 

curre~t-of th~ p~lel resistor network varies wi~ respect to setpoint adjust switch . 

p~sit~on and setpoint temperature; 

.·:FIG.- 9 is a perspective _view showing. ·a front panel of a digital 
. . . . . . . 
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thermostat control device in accordance with the present invention; 

FIG. 10 is a block diagram ofa digital room temperature sensor an4 
thermostat control device in a.Ccordance with the present invention. 
. . . 

Description of the Preferred Embodiment 

Broadly stated, the present invention presents an improved . 

thermostat control device. In the analog version, a binary coded switch is included 

for selectively. setting a setpoint temperature. The binary coded switch contaiils a 

setpoint adjust switch, for setting the position of the binary coded switch, and a . . . 
resistor network for producing a setpoint signal indicative of the binary coded 

switch position. ... 

Preferred embodiments of an improved thermostat control device are 

described herebelow with reference to the dra"Yiogs. 

A series re8istor network is provided for systems in which a 

controlling device reads setpoint temperature as a function of resistance. A 

parallel resistor network is ·provided for systems in which a controlling device 

reads setpoint temperature as a function of current The resistor networks· are 

configured to produce a setpoint signal which varies linearly over the range of the 

binary coded switch. 

A digital thermostat (:Ontrol device is provided with a MMI port. 

The MMI port is configured to accept a hardware passkey. When the hardware 

passkey is inserted into the MMI port, point database information. ~m the 

controlling device is displayed on the thennostat control device. The database 

information can be viewed and modified at the thermostat control device. 

Turning now to the draWings, in p~cular Figs. 1, 2 and 3, the front 

panel, .. a set-point adjust switch and a schematic bl~k diagram of the an'1og 

.. · -~~~os~t _co~trol device are shown respectively. Located ~n·the front panel 10 of 

·the Arialog.'thennost~t control deyice 12 iS a setpo~n~·adjust switc~ 14, an LCD 

.. 
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display 16 and a mode oveqide switch 18. The setpoint adjus~mtt'1'rlr"ht"i'Z'l""ITBZ:*"-~ 

adjust the position of a binary coded switch 20. The LCD display 16 is configure_d 

to display the room tempetatui"e. 

In the preferred embodiinent, the setpoint adjust switch 14 li8s 41 

discrete positions. Each position corresponds to a setpoint temperature between -

and including 55°F and 95°F. Therefore, the setpoint temperature is adjusted by 

adjusting the position of the binary coded switch· 20 using the setpoint adjust · 

switch 14. A switch cover door 22 is provided on the front panel, and is 

configured to enclose and protect the setpoint adjust switch 14 wh~ closed. . . 

As shown in FIG. 2, the setpoint adjust switch 14 consists of a 
.. 

housing 24, a wiper arm 26 and cap 26a, arid a 'Wiper 28. The wiper 28 has six ·. 

separate electrically isolated blades which have opposite ends that contact six 

s!rips of conductive surfaces 3 la and 3 lb. The user selects a setpoint temperature 

by tµoving the wiper arm 26 to a position corr~ponding to the desired set:Point · 

temperature. In response, lhe wiper 28 closes me<?hanical switches located in a 

resistor ·network 30 that are connected using the binary coded conductive surfaces 

31 a arid 31 b of a printed circuit board 33. The left end of the blades of the wiper 

28 contact one of the solid conductive strips 31 b whereas the right end of each 

wiper blade will selectively contact various ones of the binary cod~d surfaces 3 la 

as a function of the position of wip~ 28 along its path of travel. A controller 32 

polls the resistor network 30 at· pred~temiined intervals J.'.eading a setpoin~ signal 34 

generated by the resistor network 30 responsive to the position of the setpoint 

adju~t ~~tch 14. The controller 32 st~res the setpoint ·information in a point 

databa8e 36 along with other point information from all thermostat control _devices 

connected.to it 

Th.e analog thermostat control <;tevi~ 12 · also contains a room 

t~mperature sensor 38 and a MMI. port 40. The MMI p~rt 40 is configured to 
. . . . 

· accept ·a cor:ibectfon ~m a maintenance terminal. Wh~n ~e ma,inten~ce terminal 
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is connected to the .MMI p_ort 40 the maintenance tenninal takes-conffruOf the· · ...... : 

thermostat control device's operation. The maintenance terminal can then be use!! 

to perform routine maintenance on the controller 32, such as controller setpoint 
. - . 

adjustment When the _maintenan~ tenninal is unplugged from the MMI 40 the 

thennostat control device 12 resumes its nor;mal operation. 

The room temperature sensor 38 measures the actual temperature-in a 

space and generates a temperature signal indicative thereof. The controller 32 also 

p~lls the room temperature sensor 38 at predetermined intervals reading the 

temperature sign81. The controller 32 stores the measured temperature informatiop. 
. . 

in the point database 36 with the other point information. 

The controller 32 compares the. setpoint information and the 

~easured temperature information stored in the point database 36 and generates a 

temperature adjust signal 42 which is sent to a heating/cooling unit 44. The 

temperature adjust signal 42 is indicative of the difference between the desired 

room temperature (setpoint temperature) and the actual room temperature 

(measured temperature). The heating/cooling unit 44 attempts to adjust the actual 

room temperature to be equal to the desired room temperature by supplying heated 

or cooled, air to the space. 

me controller 32 is_ also configured to have dual modes of operation, 

both a day mode and a night mode •. During day mode operation, the controller 32 

operates in the manner described above. In night mode operation, tlie controller 32 

compares the measured temperature information to a ni~t _setpoint programmed 
. . 

into the point database. The night setpoint is configured to .conserve energy by 
-· 

s~tting··the night setpoint to reflect the reduced temperature control needed dui"ing 

periods when occupancy is usually reduced. The controller 32 is generally 
. . . . 

equipped With a timer which switches the mode of-·operation between.day and . . . . 

~~gh~ mode, and visa versa, according to a preprogrammed ~me schedule. . 

.":.The analog thennostat CQntrol device's mode override switch 18 is . . . . . . . 

.. 
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used to override the controller 32 when it is in night mode. When the user 

overrides night mode, by pressing the mode override switch 18, the controller 32 

switches back to comparing the measured temperature infonnation to ~e setpoint - . .. . . 

infonnation supplied by the thermostat control· device 12 in calctilating the 

temperature adjust signal 42 . 

. A series resistor network is shown in FIG. 4. Series resistor 

networks ar~ desirable w~en the controller 32 is configured to read the setpoint 

temperature from the thennostat control d~vice 12 as a function of resistance. In a 

6-bit binary coded switch, an intercept resistor 46 is connected. in series with '6 .. 

setpoint resistors 48, SO, 52, S4, S6 and 58. The setpoint resistor values are ,_ 

weighted in a binary fashion. In the preferred embodimeilt, setpoint resistor 48.has 

a value of 10.5 ohms ('1), and setpoint resistors SO, S2, S4, 56 and 58 have values 

of 21.00, 4~.20, 84.50, 1690 and 3400 respectively. Note that the setpoint 

resistors values :are approximately binary weighted multiples of a primary valu~ · 

10.50, with coefficients of 1, 2, 4, 8, 16 and 32. Because ·actual EIA resistor .. 
. 

value8 are not exact multiples of two, the standard 1 % values closest to the iaeal 

calculated values are used in the preferred embodiment. 

. A separate switch is connected in parallel with each setpoint resistor . 

. The switches 60, 62, 64, 66, 68 and 70 are open by default but are configured to be 

closable by the setpoint adjust switch 14. When all switches are closed the . . 
intercept resistor 46 proVides a minimum .resistance .value to be .read by the 

controller 32. In the preferred embodiment, the intercept resistor 32 has a.value of 

8660. 

The setpoint adjust switch 14 is .coqfigured to open/close the 

switches ii_i .a binary coded fashion. In position ZCJ;O, which corresponds to SS\ all 
. . . . 

switches are. closed, which corresponds fo a binary coded value· .of 64 (O=open, 

.. 1 ~losed). As the setpoint temperatUre is rais~ by mo'Ving the setpoint adjust 

. switch·· 14, switches are. opetied/closed in a binary. co~e4 fashiO~ i.ncreasing the . 
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resistance of the resistor network .30 and d~reasing the binary· coded value. For 
. . 

example, in position 1, the switch 60 is opened, corresponding to binary coded 

value of 63; in position 2, switch 62 is opened and 60 is closed, !n position 3 
. . . . 

switches 60 and 62 are b"oth opened; in ·position 4, switch 64 is opened and 

switches 60 and 62 are closed, and so on until in position 40, switches 68 and 66 

are closed and all other switches are open. Therefore, the resistance read by the 

controller 32 varies with setpoint adjust switch position as shown in FIG. S. 

In a second embodim~t shown in FIG. 6, a parallel resistor network 

is provided for systems in which the controller 32 reads the setpoint temperature as .. 

a function of current. In this embodiment, an intercept resistor 72 is ~nnected in .. 

parallel. with 6 parallel setpoint resistors 74, 76, 78, 80, · 82 and 84. Again, the 

setpoint resistor values are weighted in a binary fashion. In this embodiment, 

setpoint resistor 74 has a value of 18.7K'2, and setpoint resistors 16; 78, so: 82 

and 84 : have values of 37.4K'2, 75.0KO, lSOKO, 301K'2 and 604K'2 

respectively. Note that the setpoint resistor values are approximately binary 

weighted m~ltiples of a primary value 18.7K'2, with coefficients of 1, 2, 4,- 8, 16 

and 32. 

A separate switch is connected in series with each parallel setp.oint 

resistor. The switches 86, 88, 90, 92, 94 and 96 are open by default but are 

configured to be closable by the setpoint adjust switch 14. When ~I sWitches ·are 

closed, the intercept resistor 72 produces a maximum current value to be read by 

the controller 32. In this embodiment, the intercept resi~tor 72 has a value of 

14.3K'2. 

The setpoint adjust switch 14 is configured to close the parallel 

switches in a binary coded fashion. In position zero, which corresponds to SS 0 , all 
. ' . . ' 

swltches are open corresponding to a binary coded value of zero. As the setpoint 

tempera~ i_~ raised, by moving the setpoint adjust s~tch 14, switches are 

opened/closed in· a binary coded fashion, increasing the binary· v~h~e, decreasing 
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the resistance and increasing the current of the resistor networ~ 30~ The resistance. 

of the parallel resistarice ne~oric varies non-linearly with respect to setpoint adj~t 

switch position as shown in FIG. 7. This produces the linear relatio~hip betwetm 
. . 

controller read current and setpoint adjust switch position shown in FIG. 8. 

FIGS. 9 and 10 show the front panel and a block diagram of a· digital 

thermostat control device. Located on the front panel 98 of the digital thennestat 

control device 114 are se~oint adjust controls 102 and 104, a display control key 

106, an LCD display 108, a mode override switch 110 and a controls cover 112. 

· Th~ up-arrow setpoint adjust control 102 is used to raise the setp9int temperature. . 

The down-arrow setpoint adjust 104 is used to lower the setpoint temperature. The 

controls cover 112 is configured to enclose and protect tlie set.point adjust oontrols 

102 and 104 and the display control key 106. 

1Jte LCD display 108 is conftgured to display the setpoint 

temperature or any other controller database point called a "critical point'', rQOm 

temperature and mode of operation. The default display shows the room 

temperature and mode of operation. However, the user ·can select views showing 

critical point and mode of operation or room temperature, setpoint and mode of 

operation. In this embodiment, the digital thermostat control device 114 contains a 
microprocessor 116 for maintaining and transmitting setpoint temperature 

infonnation to a controller 118. It .~o contains a room temperature sensor 120, 

and a man-machine/passkey. interface port 124. The room temperature sensor 120 

measures the actual temperature in a space and generates a · temperat:u(e signal 

indicative thereof. The microprocessor generate8 a setpoint temperature signal 
.. .... . 

indi"cative of a setpoint temperature set by the setpoint adjust controls 102 and 104 

and transm~ts the setpoint temperanire signal to the controller. The controller 
. . 

reads .the ·temperature signal directly from the rooin· temperature sensor. The 
. .· .. 

~Qntroll.er 118 stores the measured temperature and. setpoint temperature 

· infonriation."in a·poin_t database 126 with other point·~fo~ation .. · 
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The controller 118 compares the setpoint . i . e 

measured temperature information stored in the point database 126 and generates a 
. . 

temperature adjust signal 128 which is sent to a heating/cooling unlt 130. The - . . . 

temperature ·adjust signal 128 is ~dicative· of ~e differenee between the desired 

room temperature (setpoint temperature) and the actual room temperature ·­

(measured temperature). The heating/cooling unit 130 attempts to adjust the aelual 

room tempe~ture to be eq~al to the desired room temperature by supplying heated 

or cooled air to the space. 

Again, the controller 118 is configured to have . dual modes of _. 

operation, both a day mode and a night mode, and the m~de override switch 110 is 
. . -· 

-configured to override the night mode. The digital thermostat control device 114 

also contains a man-machine interface port 124, similar to the analog thermostat 

control device 12, for connecting a maintenance tennin81. for rise in performing 

maintenance tasks on the thermostat cQntrol device 114 and the controller 118. 

When a maintenance terminal is plugged into the MMI port 124, ·the 

microprocessor 116 is placed· in an idle ·state ·and the maintenance terminal 

assumes control. When the maintenance terminal is disconnected the 

microprocessor 116 and the thermostat control device 114 re8ume normal 

operation. 

In an effort to make it·easier to maintain the point database 126, a 

port 124 is provided on the digital thermostat control device 114. The MMI port 

124 is configured for receiving a hardware passkey.· Tue hafclware passkey is a 
. . . 

pencil~shap.ed hardware device which, when inserted in the MM! port, allows the . ,.., . 

user' access into the· controller point database 126 from the digital thermQstat 

control d~ce 114. In the. preferred erilbod~ent, the hardware passkey is 
. . . 

terminate4 oq one end with a modular plug which has two wires soldered together . 

. · Upon senslng connection to the man-machine int~rface port 124 the 
. ·: . . . . . 

·microproce8sor ·116 goes into a point display mode. Wher.e the·p~in.t information 
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from the point database 126 is displayed on the LCD 108 of the thermostat control 

device 114. The user can scroll through the point information by using the distllay . 

control keys 102 and 104 and· c:m1 modify the p~int information using th_e setpoint 

adjust controls 1~2, 104.and 106. In the point d~play mode the user may set up 

the normal idle display to display temperature and/or some (critical) point in the -

database, or no temperature and no other point. When a critical point is displayed; 

the display alternately ~isplays the point value and the point's .unit· of 

measurement. When the hardware passkey is removed from the l\1}.11 port 124 the 

thermostat control device resumes its normal operation. 

It will be appreciated that the above-disclosed embodiments are well . 
calculated· to achieve the aforementioned objectives of the present .invention. In 

. . 
addition, it is evident that those skilled in the art, once given the benefit of the 

foregoing disclosure, may now make modifications of the specific embodiments 

described herein withqut departiilg fro~ the spirit of the present invention. Such 

modifications are considered within. the scope of the present invention which is 

limited solely by the scope ·and spirit of the appended claims. 
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WHAT IS CLAIMED IS: 

1. A thermostat control device adapted for use co~trolling the 

temperature of a space by a tempera1'Jre control system, the· device comprising: 

means for measuring temperature in the space and generating a 

temperature signal indicative thereof; 

. a binary cod~d switch having discrete positions corresponding to a 

plurality of setpoint temperatures for selectively setting a setpoint temperature; . 

means for detenniniiig the position of said binary ~ded switch and 

generating a setpoint signal responsive to said detennined position; and 

means for transmitting said temperature signal and said setpoint 

signal to the te~perature control system. 

2. A thermostat control device according to claim 1 wher~in said. 

means for transmitting said setpoint signal comprises the temperature CQntrol 

systeni reading said setpoint signal as a resistance. 

3. A thermostat control device· according to claim 2 wherein said 

binary coded switch comprises: 

an intercept resistor; 

a series resistor network connected in series with said intercept 

resistor and comprising a network of setpoint resistors and_ switches, said ~etpoint 

resistors be~g conneeted in series and having a value equal t~ 2n-1R where R is a 

reference resistance value and ll' is a position number of a setpoint resistor in said 

network wi~ position number one being closest to said intercept resistor, and said 
. . 

switches tJeing Qpen and connected in parallel with said s~tpoint ~istors so that 

every setpoint resistor has one corre5ponding switch connec~ed therewith; and 
.. . . 

·'a setpoint adjust switch configured to open/close-said switches in a . . . 

I lllllll llllll lllll lllll II llll 
* C L M S * 
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binary coded fashion generating a resistance indicative of said binary coded switch 

position. 

. . . . 
4. 'A thermostat conti:ol device according to claim I wherein. said 

means for transmitting said setpoint signal oomprises the temperature control ·­

system reading said setpoint signal as a current 

5. A thermostat control device according to claim 4 wherein said 

binary coded switch comprises: 

an intercept resistor; 
. .. 

a parallel resistor network connected in parallel with said.intercept . 

resistor and comprising a network of setpoint resistors and switches; said setpQint 

resistors being connected in parallel and having values equal to 2n-1R where R is a 

reference resistance value and.g. is a position number of a setpoint resistor in said · 

. network with position number on~ being closest to said intercept resistor, and said 

·switches being open and crinnected in series with said setpoint resistors so that 

every setpoint resistor has one coriesponding switch connected therewith; and 

a setpoint adjust switch configured to open/close said switches in a - . 
bin~ coded fashion generating a current indicative of said binary coded switch 

position. 

6. A thermostat control device according t~ cfaim l wh~rein the 

devic~ further comprising: 

means for disabling transmission of setpoint signals when the 

temperature control system switches ·to a night mode of operation wherein the 

tempe~ture control system controls setpoint te~perature setting. 

. 111111111111111111111111111111 
* C L M S * 



REPLACEMENT SHEET 

18 
I 09 JU~ 

7. A thermostat control device according to claim 6 wherein. the 

device further comprlSing: 
. . 

means for overriding the tempel'3:ture . control system when the 
. - . 

temperature control system· is in night mode, so that the thermostat oontrol deVice -

controls setpoint temperature setting. 

8. A thermostat (:()ntrol device according to claim 1 wherein the 

device further comprising: 

means for displaying said measured temperature and/or said setp~int .. 

temperature in metric or standard engineering units. 

9. A thermostat control device according to claim 6 wherein the 

device further comprising: 

means for displaying said temperattire control system mode of 

operatlon. 

10. A thermostat control device according to claim 1 wherein 

the device further comprising: 

a man-machine interface port for connecting a man-machine 

interface computer to said temperature control system so that said man-machine 

interface computer may communicate with said temperature control system. 

11. A thermostat control device adapted for use in controlling 

the tempe~~ in a space by a temperature control_ system, the device comprising: 

_means for measuring the temperature in ·the· space and generating a 

. · · temperature signal indicative thereof; 
·. . . . . 

. · · a binary coded switch having discrete pbsit~ons C.Orresponding to a 

111111111111111111111111111111 
* C ·L M S * 
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plurality ofsetpoint.temperatures.for selectively setting a setpoint temperature and 

containing an intercept res.istor, a series resistor network connected in series ':Vi.th 
said intercept resistor and comprising a network of setpoint resistors ~d switches, . . . . 
said setpoint resistors being connected ~ series and haviitg a value equal to 2""1R 

where R is a reference resistance value and n is a position number. of a setpoint 

resistor in said network with position number one being closest to said intercept 

resistor, and said switches_ being open and connected in paratlel with said setpoint · 

resistors so that every setpoint resistor has one corresponding switch connected 
. . 

therewith and a setpoint adjust switch configured to open/close ~aid switches in· a .. 

binary coded fashion generating a resistance value indicative of said binary coded :. 

switch position; 

means for generating a setpoint signal responsive to said resistance 

value; 

means for ~mitting s~d temperature signal and said setpoint · 

signal to the .temperature control system; and 

means for displaymg said measured temperature and/or said setpoint 

temperature in metric or standard engineering units. 

12. A thermostat control device according to claim 11 wherein 

the device further comprising: 
. 

means for disabling transmission of setpoint signals when the 

temperature control system switches to a night mode of .operation wherein the 

temperature control system controls setpoint temperature setting. 
-· -· 

. 13. A thermostat-control device according to claim 12 wherein 

the device· further comprising: 

means for overriding the temperature co~trol system when the 
. . . 

temperature 'control ~ystem is in night mode, so tha~ ~ t\temios~t ~ntrol device 

-·--······-------------

111111111111111111111111111111 
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controls setpoint temperature setting. 

14. A thermostat control device according to claim 12 wherein 

said means for displaying is also configured to display said mode of operati<5n. 

15. A thermostat control device according to claim 11 wherein 

the device further comprising: 

a man-machine interface port for connecting a man-machine 

interface computer to said temperature contro~ system so that s~d man-machine 

interface computer may communicate with said temperature control system. 

16. A thermostat control device adapted for use in controlling 

~e temperature of a space by a temperature control system, the device comprising: 

means for measuring the temperature in the space and generating a · 

temperature signal indicative thereof, 

a binary coded switch having discrete positions corresponding to a 

plurality of setpoint temperatures for selectively setting a setpoint temperature.and 

containing an intercept resistor, a parallel resistor network connected in parallel 

wi~ said intercept re8istor and comprising a network of setpoint resistors and . . 

switches, said setpoint resistors be~g connected in parallel and having values 

equal to 2""1R where R is a reference resistance value and n is a position -number of 

a setpoint resistor in said network with position number on:e being closes~ to said 

intercept resistor, and said switches being open and connected in series with said 
. -· 

setpoint' resistors so that every setpoint resistor has one corresponding switch 

conn~cted ·therewith and a setpoint adjust switch configured to open/close said 

switches in a .binary coded fashion generating a current value indicative of said . . . .. 
: . bµtary coded switch position; 

· ·· mean$ for generating a set point signal r~ponsive to· current value; 

-·····--·----···---· 
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means for comparing said temperature signal .an setpoint signal 

and generating a control signal for transmission to the temperature control syste~ 

when said temperature signal does not equal said setpoint signal; and . . . 
means for displaying s~d measured tempera.tUre and/or said setpoint 

temperature in metric or standard engineering units. 

17. A thennostat control device according to claim 16 wherein 

the device further comprising: 

means for disabling transmission of setpoint si~als when . the 
. ' 

· temperature con~l system switches to a night mode of operation wherein the 
. . 

temperature control system controls setpoint temperature setting. 

18. A thermostat control device according to claim 17 wherein 

the device further comprising: 

means for overriding. the temperature control syst~m when the 

temperature control system is in night mode, so that the thermostat control device 

controls setpoint temperature setting. 

19. A thermostat control device according to claim 17 wherein 

said means for displaying is also <?Onfigured to display said mode of operation. 

20. A thermostat control device according to claim 16 wherein 

the device further comprising: 

a man-machine interface port for connecting a man-machine 

interface co~puter to said temperature control sys_tem so that said man-machme 

interface··comppter may communicate with said temperature ·control system. 

111111111111111111111111111111 
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21. A t~ermostat control device adapted for use in controlting 

the temperature of a space ~ya tempera~ control system, the device comprising: 

means for measµring the temperature in the space and _generating a 

temperature si~l indicative thereof; 

means for setting a setpoint temperature and generating a setpoint ··­

signal indicative thereof; 

il microprocessor for transmitting said setpoint signal to a networked 

temperature.control system; 

means for disabling of setpomt signals when the tempe~ture contn?l 

system switches to a night mode of operation wherein the tempe~ control 

system controls s~oint temperature setting; 

means for overriding the temperature conti:ol system· when the 

temperature control system is in night mode, so that the thermostat control device 

controls setpoint temperature setting; 

a liquid crystal display for displa}'ing said measured temperaiure 

and/or said critical point, and mode of operation; 

m~ for switching temperature display mode between metric and 

standard engineering units; 

means for storing said setpoint temperature, mode of operation .and 

display mode; 

a display driver for driving said liquid crystal display under said 

microprocessor control; and 

a man-machine interface por.:t for receivin~- a. hardware passkey 
. .. 

whereby when said passkey is inserted in said :MMI port, database information 

from said networked temperature control system is displayed on said liquid crystal 

displar .. · 

111111111111111111111111111111 
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22. A th~nnostat control device according to claim 21 wherein· 

the device further co~prising: 

a ·man-machine· interface port for connecting a man-machine 

interface computer to said networke<;t 1emperature contro1 ·$ys~m and placing slid 

microprocessor. in an idle state when said mail-machine interface computer·· is ··· 

connected to said man-machine interface port so that said man-machine intetmce 

computer may commwiicate directly with said networked temperature control 

system. 

23. A thermostat control device according to claim 21 wherein 

the device further comprising: 

means for retrieving said stored setpoint temperature from said 

means for storing upon initial power up or after a power failure; and 

means for restoring said setpoint temperature w!th said stored · 

setpoint temperature. 

24. A thermostat control device according to claiin 21 wherein 

the device further comprising: 

means for setting said setpointtemperature to a predetermined 

default setpoint value when said ~eans for storing does not contain a setpoint 

temperatw'e. 

I lllllll llllll Hill 1111111 1111 
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· A thermostat control havllig improved user con~ols wlierein an 
. -

analog version contains a binaiy coded switch for s~lectively setting a setpoint 

temperature. The binary coded switch is configured to have discrete positions 

correspond~g to a plurality of setpoin~ temperature settings. It contains, among 

other things,- a reSistor network configured to ~rodu~ a setpoint-signal indicative 

of the binary coded ~witch position and a setp~int adjust switch for setting the _. 

binary coded switch position. Also, digital version having a man-machlD:e :. 

interface port, wherein point information from a controller can be viewed and : · 

modified with the thermostat control device controls when a hardware passkey is 

inserted into the man-machine interface port. 

Figure 1 
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