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(57) Abrége/Abstract:

A controller for a climate control system has a humidity (wet-bulb or dew point) temperature sensor as well as a dry-bulb
temperature sensor within the enclosure. The humidity temperature value Is used in connection with the dry-bulb temperature to
generate a single error signal which is a function of both the dry-bulb and the humidity temperature values. This permits control
of both enclosure temperature and enclosure humidity without abnormal cycling of the climate control system. Instead of using a
sensor which directly measures the humidity temperature, the humidity temperature can be synthesized from the relative
humidity and dry-bulb temperature within the enclosure.
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INDOOR CLIMATE CONTROLLER SYSTEM ADJUSTING
BOTH DRY-BULB TEMPERATURE AND
WET-BULB OR DEW POINT TEMPERATURE IN THE ENCLOSURE

A controller for a climate control system has a humidity (wet-bulb or
dew point) temperature sensor as well as a dry-bulb temperature sensor within
the enclosure. The humidity temperature value is used in connection with the
dry-bulb temperature to generate a single error signal which is a function of both
the dry-bulb and the humidity temperature values. This permits control of both
enclosure temperature and enclosure humidity without abnormal cycling of the
climate control system. Instead of using a sensor which directly measures the
humidity temperature, the humidity temperature can be synthesized from the

relative humidity and dry-bulb temperature within the enclosure.
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INDOOR CLIMATE CONTROLLER SYSTEM ADJUSTING
BOTH DRY-BULB TEMPERATURE AND
WET-BULB OR DEW POINT TEMPERATURE IN THE ENCLOSURE

BACKOROUND OF 1HE INVEINIION

This invention is directed generally to control of indoor climate
modifying apparatus such as an air conditioning unit or a furnace for maintaining
comfort for the occupants of enclosures. The more important application is in
controlling operation of air conditioners, and the discussion and disclosure
following will be based primarily on the air conditioning case. The invention
will typically be implemented in an electronic thermostat which uses a
microcontroller in conjunction with a temperature sensor for controlling opening
and closing of a solid state switch which controls the flow of operating current to
the air conditioning contfol modaule.

Thermostats typically in use now which direct operation of air
conditioners use dry-bulb temperature as the controlled variable. By the term
"dry-bulb temperature" is meant the actual temperature of the air as measured by
a typical thermometer, and the use of the term "temperature” or "air temperature”
hereafter will refer to dry-bulb temperature unless the context clearly directs
otherwise. It is easy to measure air temperature and this measurement is already
available in most thermostats. A typical thermostat in air conditioning mode
causes the air conditioning to begin operating when temperature rises above a set
point value. The air conditioner responds by injecting cold air into the enclosure
until the temperature within the enclosure has fallen to a point below the set
point value. The typical thermostat uses an anticipation element so as to turn off
the air conditioning before the actual set point is reached. For many situations
this type of control results in air which is comfortable for the enclosure’s
occupants.

It is well known that an air conditioner removes humidity from the air as
well as cools it. The mechanism by which humidity is removed involves passing
air from the enclosure or from the outside through the air conditioner, reducing

the temperature of this air to substantially less than the comfort range of 70-74
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°F. In order to remove humidity from the air, the temperature of at least some of
it must be lowered to less than the current dew point temperature, the
temperature at which water condenses from the air. Some of the water in the
conditioned air condenses on the cooling coils of the air conditioner in this
process and drips off the coils to a pan below, from which it drains. Because air
will not release any of its humidity until it has reached 100% relative humidity,
1.e., its dew point temperature, it is necessary for at least the air adjacent the
cooled surfaces of the heat exchanger to reach this temperature. The total air
stream through the air conditioner however, may not reach 100% relative
humidity because not all of the air is cooled to its dew point. The relatively cold
and dry conditioned air (relatively dry even though it has nearly 100% relative
humidity) is mixed with the uncomfortably warm and humid air within the
enclosure to achieve a more acceptable 40-60% relative humidity at a
comfortable temperature of 70-75 °F. as well controlled by the thermostat.

Normally this procedure results in air within the enclosure whose
humidity is within the comfort range. However, there are situations that can
result in air having humidity which is still too high when the temperature
requirement has been met. To achieve air at comfortable levels of both
temperature and humidity, an air conditioner is sized for the expected load which
the enclosure will present so that when the set point temperature is reached,
humidity is acceptable. But in cases of unusually high humidity or where the air
conditioner capacity relative to the current environmental conditions does not
result in sufficient dehumidification when the set point temperature is reached, it
is possible for the air in the enclosure to have excessive humidity.

It seems to be a simple solution to control the relative humidity in the
enclosure by simply adding a relative humidity sensor to the thermostat, and
then controlling the air conditioner to hold relative humidity within a selected set
point range. A problem with this approach is that the relative humidity of the
enclosure air may actually rise as the air is cooled and dehumidified within the
enclosure. This possibility arises because the relative humidity is a function of
both the amount of water vapor in a given volume or mass of air and its dry-bulb

temperature. Relative-humidity for any volume of air is defined as the ratio of
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the partial pressure of the water vapor in the air to the vapor pressure of saturated
steam at that temperature. Since the vapor pressure of saturated steam drops
rapidly with temperature, a relatively small amount of water vapor in a volume
of air at a lower temperature can result in 100% relative humidity. It is thus
possible to have a runaway situation where the humidity control function in the
thermostat continues to call for further dehumidification, and as the temperature
within the enclosure falls, relative humidity rises and locks the air conditioning
on.

U. S. Patent Number 4,105,063 (Bergt) is related art which discloses an
air conditioning system which controls the dew-point temperature of enclosure
air independently of the dry-bulb temperature. Bergt provides a sensor
responsive to absolute moisture content which operates in parallel with the
normal dry-bulb temperature control. Because of the parallel operation of the
two control functions, undesirably short cycles are possible. This over-cycling
problem is solved by the present invention. Bergt's invention may also require
reheat which reduces the efficiency of the process.

U. S. Patent Number 4,889,280 (Grald and MacArthur) is related art
disclosing an auctioneering controller wherein the predetermined dry-bulb
temperature set point is modified in response to a absolute humidity error signal.
The enclosure temperature which results may not always be comfortable, and

there is also épotential for over-cycling.

These and other shortcomings of the referenced patents are solved by the
present invention which computes an error value as a function of both the dry-
bulb temperature and the dew point or wet-bulb temperature. This error value 18
then used as the input to a temperature control algorithm used by a controller for
a climate control system to determine the times during which to activate the
climate control system for modifying the temperature and humidity of air within
an enclosure.

Such a controller includes a humidity sensor providing a humidity

temperature signal encoding at least one of the wet-bulb temperature and the
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dew point temperature and a temperature sensor providing an air temperature
signal encoding the dry-bulb temperature value. = A memory records a dry-
bulb temperature set point value and a humidity temperature set point value, and
providing a set point signal encoding the dry-bulb and humidity temperatures set
point values. A comparison means receives the humidity and air temperature
signals and the set point signal, and computes an error value as a function of the
values encoded in the humidity and air temperature signals and the set point
signal, and issues a demand signal responsive to a predetermined range of error
values. In a typical arrangement, the demand signal is supplied to the climate
control system. While the demand signal is present, the climate control system
operates to reduce the error value by cooling or heating the enclosure air and
decreasing or increasing its humidity so as to shift the enclosure's humidity and
dry-bulb temperatures closer to their respective set point values.

In a preferred embodiment, a set point value is selected for each of the
dry-bulb temperature and the humidity temperature. The error value is set equal

to the larger of these two differences. The controller issues the demand signal

when the error value exceeds a predetermined value.

BRIEF DESCRIPTION Ok 1 HE DRAWIN
Fig. 1 is a block diagram of complete air conditioning installation
employing the invention.
Fig. 2 is a computation diagram specifying a preferred embodiment of
the algorithm implemented by a controller for a climate control system.
Fig. 3 is a diagram which discloses a preferred embodiment

of the element which form a composite error value.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
In Fig. 1, the invention is shown implemented in a controller 25 for an air
conditioning installation. An enclosure 12 receives cooled and dehumidified air
from a conventional air conditioning unit 19 which operates on externally
supplied AC power provided on conductors 42. A control element 23 switches

power to a compressor 17 and a blower 20 on conductors 38 and 39 respectively,
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thereby providing sequencing as needed for their operation. Compressor 17
provides liquid coolant to expander coil 18 which is located in a heat exchanger
plenum 21 along with the blower 20. The air conditioning unit 19 operates
while a demand signal is present on path 26. The demand signal on path 26
closes switch 29, allowing control current supplied by a 24 VAC source on path
40 to flow to the air conditioning unit controller 23 on path 41. While air
conditioning unit 19 is operating, fan 20 forces air across coil 18 to cool and
dehumidify the air. This conditioned air flows into enclosure 12 through duct 22
to reduce both the temperature and humidity of the air within enclosure 12. The
demand signal on path 26 is provided by a controller 25 whose functions occur
within electronic circuitry. We expect that controller 25 will typically be
attached to a wall of enclosure 12 in the manner done for conventional
thermostats.

Controller 25 includes a memory unit 27 which can store digital data and
a processor unit 28 which can perform computation and comparison operations
on data supplied to it from both memory 27 and from external sources, and
which also includes an instruction memory element. We prefer to use a
conventional microcontroller to function as memory 27 and processor 28.
Controller 25 further comprises a humidity sensor 14 located within enclosure
12 and which provides a humidity signal on path 30 which is shown as encoding
the relative humidity of the air within enclosure 12, but alternatively may encode
the dew point temperature or the wet-bulb temperature of this air. A temperature
sensor 15 also located within enclosure 12 similarly encodes a dry-bulb
temperature value in an air temperature signal on path 31. Processor 28 receives
these temperature signals and converts them to digital values for internal
operations.

Paths 33-35 carry signals to memory 27 encoding various set point
values necessary for implementing this invention. Typically the signals on paths
33-35 are provided by the person responsible for controlling the climate of
enclosure 12. If this person is an occupant of enclosure 12, the set point values
may be selected by simply shifting control levers or dials carried on the exterior

of controller 25. The values may also be selected by a keypad which provides
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digital values for the set points in the signals on paths 33-35. Path 33 carries a
humidity signal encoding a humidity set point value representative of the desired
relative humidity within the enclosure 12. This humidity set point value may be
actual desired relative humidity, or the desired dew point temperature, or even
the desired wet-bulb temperature. Path 34 carries to memory 27 a signal
encoding an externally provided minimum dry-bulb temperature set point value
which serves as a limit value for dry bulb temperature. Path 34 carries to
memory 27 a signal encoding a minimum air (dry-bulb) temperature set point
value. Path 35 carries a signal encoding an air (dry-bulb) temperature set point
value. Memory 27 records these three set point values, and encodes them in a
set point signal carried to processor 28 on a path 36. If memory 27 and
processor 28 are formed of a conventional microcontroller, the procedures by
which these set point values are provided to processor 28 when needed are
included in further circuitry not shown which provides a conventional control
function for the overall operation of such a microcontroller.

While the structure of controller 25 as shown in Fig. 1 is completely
correct, it is incomplete in that there is no description of the operations which the
microcontroller performs in implementing the invention. Processor unit 28 has
internal to it, a read-only memory (ROM) in which are prestored a sequence of
instructions which are executed by processor unit 28. The execution of these
instructions results in processor unit 28 performing the functions shown in detail
by the functional block diagram of Fig. 2. Fig. 2 is much more useful to the
reader than is Fig. 1 in understanding both the invention itself as well as the
structure which a preferred embodiment has. The reader should understand that
Fig. 2 represents and explains modifications to the hardware broadly shown in
Fig.' 1, which modifications allow processor unit 28 to implement our invention.
We wish to emphasize that each element of Fig. 2 has an actual physical
embodiment within processor unit 28. This physical embodiment arises from the
actual physical presence of structure within processor unit 28 which provide the
functions of the various elements and data paths shown in Fig. 2. The execution
of each instruction causes the processor unit 28 to physically become part of an

element shown in Fig. 2 while the instruction is executed. The ROM within
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processor unit 28 also forms a part of each of the functional blocks in Fig. 2 by
virtue of it storing and supplying the instructions which cause the creation of the
functional blocks. There are also arithmetic operation registers within processor
unit 28 which temporarily store the results of computations. These can be
considered to form a part of memory 27 even though perhaps physically located
within the processor unit portion of the microcontroller.

Signal transmissions are represented in Fig. 2 by lines originating from
one functional block and terminating at another as shown by the arrow. This
implies that signals created by one function element are supplied to another for
use. Within a microcontroller, this occurs when a series of instructions whose
execution causes the microcontroller to comprise one functional element,
actually produces digital values which are then transmitted within the
microcontroller on its signal paths for use by the circuitry when executing
instructions for another functional element. It is entirely possible that the same
physical signal paths within a microcontroller will carry many different signals
each whose paths are shown individually in Fig. 2. In fact, one can think of a
single such physical path as being time shared by the various functional blocks.
That is, such an internal path of a microcontroller may at different times, perhaps
only microseconds apart, serve as any one of the various paths shown in Fig. 2.

At this point, it is helpful to suppiy a legend which tabularly defines each
value encoded in the signals shown in Fig. 2:

T Ay - Weighted average temperature enclosure 12

o - Enclosure 12 relative humidity

TDBSN - Sensor-derived dry-bulb of the air in enclosure 12 with lag

corrections

TpRsPp - Dry-bulb temperature set point enclosure 12

aqp - Relative humidity set point enclosure 12

aQN - Sensor-derived relative humidity enclosure 12 with lag corrections

enR - Dry-bulb temperature error

TSN - Sensed humidity temperature enclosure 12

Tysp - Calculated humidity temperature point for enclosure 12

e - Humidity temperature error
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TpBMN - Minimum allowable value for TpBSN

er - Final error value provided by P-I-Dfunction

In Fig. 2, the individual functional biocks have internal labels which
describe the individual functions which each represent. Established conventions
are followed in Fig. 2 to represent the various functions which comprise the
invention. Each rectangular block, say block 61, represents some type of
mathematical or computational operation on the value encoded in the signal
supplied to the block. Thus, the signal on path 58, which encodes the average
room temperature T A v, is shown supplied to functional block 61, to collectively
represent apparatus which forms a Laplace operator transform Tpy. Other
functional blocks represent decision operations, calculation of other
mathematical functions, such as multiplication, and other Laplace transform
operations of various types. Circles to which are supplied two or more signals
imply a sum or difference calculation as indicated by the adjacent plus or minus
sign. Thus the plus and minus signs adjacent the junctions of paths 35 and 64
with summation element 71 implies subtraction of the value encoded in the
signal on paths 64 from the value encoded on path 35.

The various calculations, operations, and decisions represented by Fig. 2
are performed in the sequence indicated at regular intervals, typically either each
minute or continuously. If calculations proceed continuously, then it is
necessary to determine the time which elapses from one completion to the next
in order to determine the rates of change of various values where this is
important to the operation. Since temperatures and humidities within an
enclosure 12 usually change very slowly, a once per minute calculation usually
proVides‘ more than adequate accuracy of control.

Block 61 receives a signal on path 58 encoding a value which represents
a weighted average of the wall temperature and the air temperature in enclosure
12 TAv. Block 61 represents a Laplace transform operation on TAv intended
to compensate for sensor response lag, and produces a signal on path 64
encoding TpBSN- The computation of Tpgg) is conventional. The TDBSN
value on path 64 is subtracted from Tpggp encoded in the signal on path 35 to
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produce the dry-bulb temperature error value epg, which is the conventional
error used to control air conditioners and furnaces. epp is encoded in the signal
on path 34.

The advance which this invention provides is the use of humidity as a
further variable for computing the error used for controlling operation of the air
conditioning unit 19 shown in Fig. 1. To accomplish this, our preterred
apparatus uses a relative humidity value @ encoded in a signal from sensor 14
supplied on path 30. The @ value is supplied to a Laplace transform operation
block 50 which compensates for the lag and instability in sensor 14, and
provides a transformed relative humidity value eg) on path 51.

It is well known to determine both wet-bulb and dew point temperatures
(either of which are hereafter collectively referred to as a humidity temperature)
from a given dry-bulb temperature and a given relative humidity value. This is
simply the digital or computational equivalent of manually looking up a value in
a standard psychrometric chart. We note that wet-bulb temperature and dew
point temperature are very close to each other for most combinations of dry-bulb
temperature and relative humidity, and for this invention can be used
interchangeably. Computation block 67 receives sgN and TpBSN and
computes from these values an approximation of one of the humidity
temperatures TyQN, and encodes this value in the signal on path 76. One can
consider block 67 as forming a part of the humidity sensor 14 which together

comprise a composite sensor providing a humidity temperature value THSN.

Computation block 74 performs a similar computation to derive an
approximation for the humidity temperature set point Tyygp from the dry-bulb
temperature set point and the relative humidity set point. In fact, it is likely that
the same instructions within the processor 26 memory will serve to make both
computations at different times, these instructions forming a subroutine which is
called at the appropriate time and supplied with the relevant relative humidity
value and dry-bulb temperature. Block 74 receives the Thggp value on path 35
and the aqp value on path 33 and encodes the corresponding set point humidity
temperature Tygp value in a signal on path 77. Block 74 can be considered as
including a memory element which briefly stores Tjgp at the end of the
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calculation. Summing block 78 receives the Tyygp and TN values on paths
77 and 76 respectively, and forms the error value €11 = Tyygp - THSN which is
encoded in a signal carried on path 81. The individual signals on paths 81 and
84 encoding €11 and ey can be considered as collectively forming a first or
initial error signal.

Computation block 87 uses the dry bulb temperature error epyp and the
humidity temperature error €1 to derive a second level or composite error value
¢ which is encoded in the signal carried on path 90. (The term "computation” 1s
used here in a broad sense to include any sort of data manipulation.) There are a
number of different algorithms by which the composite error value can be
derived. The algorithm which we currently prefer is to simply set € to the larger
of e and ey and this is what is implied by the dual stroke brackets shown in
the function which labels computation block 87. Fig. 3, which shows one
implementation of apparatus for selecting the larger of €11 and epp, s explained
oelow.

It is not preferred to use the composite error value € directly for deriving
a demand signal. Instead ¢ is provided to a conventional PID (proportional,
integral, derivative) control function comprising the Gy, G;/s and Ggs blocks 91-
93 whose output values are then summed by a summing block 96 (also a part of
the PID control function) to produce a final error value e encoded in a final
error signal on path 98.

The final error value e carried on path 98 is converted to the demand
signal on path 26. € is preferably modified through a number of computational
stages according to known practice to insert an anticipation function in deriving
the final demand signal on path 26. Each stage of the demand signal
comi)utation produces a signal having a logical 1 voltage level, which can be
thought of as corresponding to the ON condition of air conditioning unit 19.
The signal voltage on path 26 has a level corresponding to a logical 0 when the
demand signal is not present. When a logical 1 is present on path 26, then
switch 29 (see Fig. 1) is closed and current flows to air conditioning unit 19.

When path 26 carries a logical 0 value, switch 29 is open and unit 19 does not

operate.
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The anticipation function is implemented in a conventional manner by
the summing block 101 and functional blocks 103 and 113. Block 113 applies a
Laplace transform operation 0/(1S+ 1) in a known manner to the signal carried
on path 26, shifting its logical 0 and 1 values in time. Hysteresis test block 103
provides a first stage demand signal on path 105 whose logical 1 intervals
disregard the relative magnitudes of TpgsN and TpgyvN. 1f the Laplace
transform block 113 returns a value of 0 on path 115 to summing block 101, then
the final error value e on path 98 is used by the hysteresis test block 103 to
determine the times and lengths of the first stage of the demand signal on path
105. If block 113 returns a value different from zero to summing block 101 then
the error value e on path 98 supplied to test block 103 is reduced by summation
blocks 101, which will delay the starts of the demand signal and shorten its
interval length, thereby delaying startup and speeding up shutdown times of air
conditioning unit 19.

One further feature of this invention is a test block 108 which receives
the first stage of the demand signal on path 105. We feel that in certain rare
situations of extremely high humidity or poorly sized air conditioning units, or
where a relatively low value for agp is selected, it is possible that an
uncomfortably low value of sensed dry-bulb temperature TpgSN may result
when the humidity error £11 has been reduced to a level producing an € value on
path 90 allowing the air conditioning unit 19 to be on (i.e., run) for an extended
period of time. To deal with this problem, test block 108 receives the TDBSN
value on path 64 and the TpMN value on path 34. THRMN 1S used as a limit
dry-bulb temperature for halting operation of the air conditioning unit. if the
condition THMN > TDBSN arises, then regardless of the actual humidity in
enclosure 12, the final demand signal on path 26 is dropped so as to cause air
conditioning unit 19 to shut off before the humidity error e} is reduced to the
level producing a value of € which normally would cause this.

Fig. 3 shows one implementation for the preferred algorithm for deriving
the composite error value. In Fig. 3, a difference element 120 receives €1 and
epB on paths 81 and 84, and forms an error difference value Ae =¢ep - epp . A¢

is encoded in a signal carried to a test element 123 which compares Ag to 0. If
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Ae = 0 1s true, a select signal carried on path 125 encodes a binary 1. The "=>"
symbol means "implies" or "connotes", thus a binary 1 in the signal on path 125
means that the condition Ae = 0 has been sensed. A multiplexer 127 receives on
path 125 the select signal, whose value when a binary 1 enables port 1 to gate
the value €3y on path 81 to the output path 90 as €, and when a binary 0 enables
port 0, gating epR on path 84 to path 90. This is only one of a number of
suitable ways by which the relative magnitudes of €fj and epp can be used to
gate the larger of the two to path 90. In a microcontroller implementation, the

software reproduces the functions shown in Fig. 3 in one manner or another.
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We claim:

1. A controller for a climate control system for modifying the
temperature and humidity of air within an enclosure, comprising

a) a humidity sensor providing a humidity temperature signal encoding at
least one of the wet-bulb temperature and the dew point temperature;

b) a temperature sensor providing an air temperature signal encoding the
dry-bulb temperature value;

¢) a memory recording a dry-bulb temperature set point value and a
humidity temperature set point value, and providing a set point signal encoding
the dry-bulb and humidity temperatures set point values; and

d) error computation means receiving the humidity and air temperature
signals and the set point signal, for computing a composite error value as a
function of the values encoded in the humidity and air temperature signals and
the set point signal, and for encoding the composite error value in a composite

error signal.

2. The controller of claim 1 further comprising an error processing
means receiving the composite error signal for providing a demand signal during

intervals determined as a function of the composite error value.

3. The controller of claim 2, wherein the memory further comprises
means for storing a limit dry-bulb temperature value and for providing a signal
encoding the limit dry-bulb temperature value in a limit temperature signal, and
wherein the error processing means further comprises comparison means
receiving the limit temperature signal and the air temperature signal, for
comparing the limit dry-bulb temperature with the value encoded in the air
temperature signal, and for suppressing the demand signal responsive to a
predetermined relationship between the limit dry-bulb temperature value and the
dry-bulb temperature value.
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4. The controller of claim 3 intended for controlling operation of a
climate control system having an air conditioning function, wherein the means
for storing a limit dry-bulb temperature value includes means for storing a

temperature value less than the dry-bulb temperature set point value.

5. The controller of claim 1, wherein the humidity sensor comprises

a) a relative humidity sensor providing a relative humidity signal
encoding the value of the ambient relative humidity; and

b) humidity temperature computation means receiving the air
temperature signal and the relative humidity signal, for computing a humidity
temperature approximation value, and for encoding the humidity temperature

approximation value in the humidity temperature signal.

6. The controller of claim 5, wherein the memory further comprises
means for recording a relative humidity set point value, and means receiving the
relative humidity set point value and the dry-bulb temperature set point value,
for computing the humidity temperature set point value as a function of the
relative humidity set point value and the dry-bulb temperature set point value,
and for providing a signal encoding the computed humidity temperature set point
value, and wherein the memory includes means receiving the computed humidity
temperature set point value signal, for recording the computed humidity
temperature set point value encoded in the computed hummdity temperature set

point value signal.

7. The controller of claim 1, wherein the memory further comprises 1)
means for recording a relative humidity set point value, and ii) computed set
point recording means for recording a computed humidity temperature set point
value encoded in a computed humidity temperature set point value signal, and
iii) means for encoding the computed humidity temperature set point value as the
humidity temperature set point value in the set point signal; and wherein the
controller further comprises computing means receiving the relative humidity set

point value and the dry-bulb temperature set point value, for computing the
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humidity temperature set point value as a function of the relative humidity set
point value and the dry-bulb temperature set point value, and for providing the
signal encoding the computed humidity temperature set point value to the

computed set point recording means.

8. The controller of claim 7, wherein the error computation means
further comprises

1) computing means for forming a humidity temperature error equal to the
difference between the humidity temperature value and the humidity temperature

set point value, for forming a dry-bulb temperature error equal to the difference

between the dry-bulb temperature value and the dry-bulb temperature set point

value, and for providing an initial error signal encoding the humidity
temperature error and the dry-bulb temperature error; and

ii) comparison means receiving the initial error signal, for sensing the
relative magnitudes of the humidity temperature error and the dry-bulb
temperature error and for encoding in the composite error signal, the larger of

the errors encoded in the initial error signal.

9. The controller of claim 1, wherein the error computation means
further comprises

i) computing means for forming a humidity ternperature error equal to the
difference between the humidity temperature value and the humidity temperature
set point ifalue, for forming a dry-bulb temperature error equal to the difference
between the dry-bulb temperature value and the dry-bulb temperature set point
value, and for providing an initial error signal encoding the humidity
temﬁerat'ure eIror and the dry-bulb temperature error; and

11) comparisdn means receiving the initial error signal, for sensing the
relative magnitudes of the humidity temperature error and the dry-bulb
temperature error and for encoding in the composite error signal, the larger of

the errors encoded in the initial error signal.

‘Smarf & Biggar
Qﬂawa, Canada
Patent Agenis
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