wo 2014/184541 A1 [N D000 O

(43) International Publication Date
20 November 2014 (20.11.2014)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

WIPOIPCT

(10) International Publication Number

WO 2014/184541 A1l

(51) International Patent Classification: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
GO1K 7/00 (2006.01) GOSD 23/19 (2006.01) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
. o HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(21) International Application Number: KZ LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
PCT/GB2014/051465 MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(22) International Filing Date: OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
13 May 2014 (13.05.2014) SC, 8D, SE, 8G, SK, SL, SM, ST, SV, §Y, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(25) Filing Language: English ZW.
(26) Publication Language: English (84) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,
1308560.0 13 May 2013 (13.05.2013) GB GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(71) Applicant: INTELLISTAT LTD. [GB/GB]; Wester TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
Balquhandy House, Muckhart Road, Dunning, Perth, PH2 EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
ORB (GB). MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM,
(72) Tnventor: JOHNSON, Robert; Intellistat Ltd., Wester o AR O B oy M O G GQ. GV,
Balquhandy House, Muckhatt Road, Dunning, Perth PH2 ? > - NE, SN, TD, TG).
ORB (GB). Published:
(74) Agent: MORELAND, David; Aurora, 120 Bothwell —  with international search report (Art. 21(3))
Street, Glasgow, G2 7J8 (GB). —  before the expiration of the time limit for amending the
(81) Designated States (unless otherwise indicated, for every claims and to be republished in the event of receipt of
kind of national protection available): AE, AG, AL, AM, amendments (Rule 48.2(h))
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(54) Title: TEMPERATURE CONTROL
©
0 /
/ lepe
............................. 7 7
]
1%
.............. I,
— /
Ze / / \
; 20 3 L7L
G .
Figure 1

(57) Abstract: A method for use in temperature control includes a step of associating a first setting of an adjustable device with a
first temperature. The method may include a step of associating a second setting of the adjustable device with a second temperature.
The method may include a step of determining a set-point temperature from a set-point setting of the adjustable device, the first and
second settings of the adjustable device, and the first and second temperatures. The first and second temperatures may define a tem -
perature range over which temperature is to be controlled. Such a method may allow a user to select or define a temperature range
over which an object,system or environment is to be controlled from within a maximum operating temperature range of a temperat-
ure sensor. Such a method may allow a user to select or define a set-point temperature from within the selected temperature range.
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TEMPERATURE CONTROL

FIELD OF INVENTION

The present invention relates to a method and an apparatus for use in
temperature control. The method and apparatus may be used for controlling the
temperature of an object, system or environment of any kind in conjunction with a

temperature sensor of any kind.

BACKGROUND OF INVENTION

Thermostats may be used for sensing the temperature of a system or an
environment and for controlling a plant for heating and/or cooling the system or the
environment according to the sensed temperature so as to maintain the temperature of
the system or the environment near to a desired set-point temperature.

Known types of thermostats include mechanical thermostats and digital
electronic thermostats. Known thermostats are generally only calibrated for a
predetermined temperature range and/or are generally only configured for use with a
predetermined temperature sensor. Calibration of mechanical thermostats is relatively
difficult and generally requires specialist equipment within a factory environment.
Furthermore, mechanical thermostats may suffer from a drift in accuracy as a result of
ageing. In the case of a digital electronic thermostat, calibration data for the
predetermined temperature sensor may be stored in a memory. The operating
temperature range of known thermostats is generally fixed and cannot be readily re-
defined according to the temperature control application or according to the

temperature sensor or type of temperature sensor.

SUMMARY OF INVENTION

According to an aspect of the present invention there is provided a method for
use in temperature control.

The method may comprise associating a first setting of an adjustable device
with a first temperature signal value measured at a first temperature.

The method may comprise associating a second setting of the adjustable

device with a second temperature signal value measured at a second temperature.
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The method may comprise determining a set-point temperature signal value
from a set-point setting of the adjustable device, the first and second settings of the
adjustable device, and the first and second temperature signal values.

The method may comprise using a temperature sensor to measure the first
temperature signal value.

The method may comprise using the temperature sensor to measure the
second temperature signal value.

The method may comprise:

associating a first setting of an adjustable device with a first temperature signal
value measured using a temperature sensor at a first temperature;

associating a second setting of the adjustable device with a second
temperature signal value measured using the temperature sensor at a second
temperature; and

determining a set-point temperature signal value from a set-point setting of the
adjustable device, the first and second settings of the adjustable device, and the first
and second temperature signal values.

The temperature signal may be representative of the temperature sensed by
the temperature sensor. For example, the temperature signal may be proportional to
temperature sensed by the temperature sensor. The temperature signal may be an
analogue temperature signal. The temperature signal may be an electrical signal such
as a voltage or a current.

The first temperature signal value may be representative of a first temperature
to which the temperature sensor is exposed.

The second temperature signal value may be representative of a second
temperature to which the temperature sensor is exposed.

The set-point temperature signal value may be representative of a set-point
temperature to which the temperature sensor is to be exposed.

The method may comprise determining a relative or absolute temperature
corresponding to at least one of the first, second and set-point temperature signal
values. The method may comprise using calibration data or a calibration function to
determine a relative or absolute temperature corresponding to at least one of the first,
second and set-point temperature signal values.

The first temperature may define a minimum set-point temperature. The

second temperature may define a maximum set-point temperature. The first and
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second temperatures may define a temperature range over which temperature is to be
controlled.

The method may allow a user or operator to select or define a temperature
range over which an object, system or environment is to be controlled from within an
operating temperature range of the temperature sensor. The operating temperature
range of the temperature sensor may, for example, be defined as the temperature
range over which the temperature sensor senses temperature with a predetermined
degree of accuracy.

The method may allow a user or operator to select or define a temperature
range over which an object, system or environment is to be controlled from within a
maximum operating temperature range of the temperature sensor.

The method may allow a user or operator to select or define a temperature
range over which an object, system or environment is to be controlled using a single
adjustable device. Moreover, the method allows the same adjustable device to be
used for selecting a set-point temperature within the selected or defined temperature
range over which the object, system or environment is to be controlled.

The method may allow a user or operator to select or define a temperature
range over which the object, system or environment is to be controlled using an
adjustable device including but not limited to, a potentiometer, an encoder, a slider, a
dial, a keyboard, and a touch screen.

The method may comprise associating a further first setting of the adjustable
device with a further first temperature signal value measured using the temperature
sensor at a further first temperature.

The method may comprise associating a further second setting of the
adjustable device with a further second temperature signal value measured using the
temperature sensor at a further second temperature.

The method may comprise determining a further set-point temperature signal
value from a further corresponding set-point setting of the adjustable device, the further
first and second settings of the adjustable device, and the further first and second
temperature signal values. Such a method may be used to repeatedly define the
temperature range over which an object, system or environment is to be controlled so
as to at least partially reduce the effects of temperature sensor drift, for example drift
due to ageing or drift caused by environmental changes.

Such a method may be used to re-define the temperature range over which an

object, system or environment is to be controlled according to the particular application.
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As such, the method may be used to re-define the temperature range over which the
object, system or environment is to be controlled at the time or point of use.

Such a method may be used with any kind of temperature sensor. Such a
method may be regarded as a universal method of temperature control.

Such a method may be of use in the control of the temperature of any kind of
environment. The method may be of use in the control of the temperature of a living
environment, an office environment, a manufacturing environment or an environment
internal to or in proximity to a heating or cooling system.

The method may be of use in the control of the temperature of a heating
system. The method may be of use in the control of temperature in a heater, an oven,
a grill, a bath, a furnace, a gas turbine, a motor, an engine such as an internal
combustion engine, a diesel engine, a jet engine, a rocket, or the like.

The method may be of use in the control of the temperature of a cooling
system. The method may be of use in the control of temperature in a fridge, a freezer,
an air conditioning system, unit or the like.

The method may be of use in the control of temperature in catering equipment.
The method may be of use in the control of the temperature of a system or appliance
for warming, grilling, baking or cooking food. The method may be of use in the control
of the temperature of a system or appliance for cooling food such as a fridge, a freezer
or the like.

The method may be of use in the control of the temperature of a system. The
method may be of use in the control of the temperature of one or more components of
a system.

The method may be of use in the control of the temperature of an object.

The method may be of use in the control of the temperature of an object,
system or environment across a narrow or a broad temperature range defined within an
operating temperature range of a temperature sensor.

The method may be of use in the control of the temperature of an object,
system or environment across a narrow or a broad temperature range defined within
the maximum operating temperature range of a temperature sensor.

The method may be of use in the control of the temperature of an object,
system or environment between temperatures from cryogenic temperatures to

temperatures present in a furnace or a jet engine or the like.
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Such a method may allow the set-point temperature signal value to be set to a
high resolution or a high degree of accuracy determined by the resolution with which
the adjustable device may be adjusted.

The method may comprise storing the first and second settings of the
adjustable device together with the corresponding first and second temperature signal
values in a look-up table.

The method may comprise storing the first and second settings of the
adjustable device together with the corresponding first and second temperature signal
values in a memory.

The method may comprise using interpolation to determine the set-point
temperature signal value from the set-point setting of the adjustable device, the first
and second settings of the adjustable device, and the first and second temperature
signal values.

The method may comprise using linear interpolation to determine the set-point
temperature signal value from the set-point setting of the adjustable device, the first
and second settings of the adjustable device, and the first and second temperature
signal values.

The first setting of the adjustable device may comprise a minimum setting of the
adjustable device.

The second setting of the adjustable device may comprise a maximum setting
of the adjustable device.

The method may comprise using the temperature sensor to measure the first
temperature signal value when the temperature sensor is at the first temperature.

The method may comprise using the temperature sensor to measure the
second temperature signal value when the temperature sensor is at the second
temperature.

The method may comprise:

adjusting the setting of the adjustable device to the first setting;

heating and/or cooling an object, a system or an environment to which the
temperature sensor is exposed to the first temperature; and

using the temperature sensor to measure the first temperature signal value.

The method may comprise:

adjusting the setting of the adjustable device to the second setting;

heating and/or cooling an object, a system or an environment to which the

temperature sensor is exposed to the second temperature; and



10

15

20

25

30

35

WO 2014/184541 PCT/GB2014/051465

6

using the temperature sensor to measure the second temperature signal value.

The method may comprise manually adjusting the adjustable device to at least
one of the first setting, the second setting and the set-point setting.

The method may comprise confirming that the temperature sensor is at the first
temperature before measuring the first temperature signal value from the temperature
sensor.

The method may comprise confirming that the temperature sensor is at the
second temperature before measuring the second temperature signal value from the
temperature sensor.

Confirming that the temperature sensor is at the first or second temperature
may comprise:

using a calibrated temperature sensor to monitor the temperature of an object,
a system or an environment to which the temperature sensor is exposed; and

heating and/or cooling the object, the system or the environment until the
temperature of the object, the system or the environment measured using the
calibrated temperature sensor is at the first or second temperature.

The method may comprise measuring the first temperature signal value from
the temperature sensor in response to a first manually provided stimulus. For example,
the method may comprise measuring the first temperature signal value from the
temperature sensor in response to operation of a manually operated control device.

The method may comprise measuring the second temperature signal value
from the temperature sensor in response to a second manually provided stimulus. For
example, the method may comprise measuring the second temperature signal value
from the temperature sensor in response to operation of the manually operated control
device.

The method may comprise heating and/or cooling an object, system or
environment to which the temperature sensor is exposed until a temperature signal
value measured by the temperature sensor reaches the set-point temperature signal
value.

The method may comprise using proportional, integral and/or derivative control
to control the heating and/or cooling of the object, the system or the environment.

The temperature sensor may comprise at least one of a thermometer, a
thermocouple, a resistance temperature detector (RTD), a thermistor, and a pyrometer.

The method may comprise locating a further temperature sensor at a different

position to the temperature sensor at, on, adjacent to, or within the object, system or
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environment. For example, the method may comprise locating the further temperature
sensor at a centre of the object, system or environment to which the temperature
sensor is exposed.

The further temperature sensor may comprise a calibrated temperature sensor.

The method may comprise heating and/or cooling the object, the system or
environment until a temperature measured using the further temperature sensor
reaches a predetermined temperature.

Such a method may allow the temperature at the further position to be
accurately controlled. For example, such a method may allow the temperature at a
centre position within a heating and/or cooling chamber to be accurately controlled
even when the temperature sensor with which the chamber is fitted on manufacture is
located at, adjacent or within a wall of the chamber. Such a method may allow the
absolute temperature at the further position to be accurately controlled.

Such a method may allow the temperature within an object to be accurately
controlled during heating and/or cooling of the object, for example during heating
and/or cooling of the object within a heating and/or cooling chamber. Such a method
may allow the absolute temperature within the object to be accurately controlled.

The method may comprise determining a temperature offset or difference
between a temperature measured using the temperature sensor and a temperature
measured at or around the same time using the further temperature sensor.

The method may comprise removing the further temperature sensor from the
object, system or environment to which the temperature sensor is exposed after
determining the temperature offset or difference.

The method may comprise storing the temperature offset or difference.

The method may comprise:

measuring a third temperature using the temperature sensor; and

using the third temperature and the stored temperature offset or difference to
determine or infer a temperature at the further position.

The method may comprise heating and/or cooling the object, system or
environment until the determined or inferred temperature at the further position reaches
a desired temperature.

The method may comprise ceasing to heat or cool the object, system or
environment when the determined or inferred temperature at the further position

reaches a desired temperature.
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Such a method may allow the temperature at the further position to be
accurately controlled. For example, such a method may allow the temperature at a
centre position within a heating and/or cooling chamber to be accurately controlled
even when the temperature sensor with which the chamber is fitted on manufacture is
located at, adjacent or within a wall of the chamber.

Such a method may serve as a method of calibrating the temperature sensor so
as to provide accurate absolute temperature control at the further position after removal
of the further temperature sensor from the further position.

The method may comprise re-calibrating the temperature sensor at different
times. This may allow for changes, drift or ageing of the configuration of the object,
system or environment, or of the heating and/or cooling plant used to heat and/or cool
the object, system or environment, or of the temperature sensor itself over time. The
method may comprise locating the further temperature sensor at the further position for
each re-calibration of the temperature sensor, and removing the further temperature
sensor from the further position after each re-calibration.

The method may comprise determining a temperature offset or difference
between the temperature measured using the temperature sensor and the temperature
measured at or around the same time using the further temperature sensor for each of
a plurality of predetermined temperatures.

The method may comprise storing each temperature offset or difference
together with the corresponding temperature measured using the temperature sensor.

The method may comprise:

measuring a third temperature using the temperature sensor; and

using the third temperature and the corresponding stored temperature offset or
difference to determine or infer a temperature at the further position.

The method may comprise using interpolation to determine or infer the
temperature at the further position.

Measuring and storing a different temperature offset or difference for each
temperature measured using the temperature sensor may provide a more accurate
estimate of the temperature at the further position over a temperature range.

The method may comprise associating a further first setting of the adjustable
device with a further first temperature signal value measured using a further

temperature sensor at a further first temperature.
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The method may comprise associating a further second setting of the
adjustable device with a further second temperature signal value measured using the
further temperature sensor at a further second temperature.

The method may comprise determining a further set-point temperature signal
value from a further corresponding set-point setting of the adjustable device, the further
first and second settings of the adjustable device, and the further first and second
temperature signal values.

Such a method may be used for temperature control using multiple temperature
sensors, where each temperature sensor is used to sense the temperature of a
different object, to sense the temperature in a different environment or zone or to sense
the temperature of a different system or component. Such a method may be used to
define different temperature control ranges for different objects, to define different
temperature control ranges in different environments or zones, or to define different
temperature ranges for different systems or components.

The method may comprise associating a further first setting of the adjustable
device with a further first temperature signal value measured using the temperature
sensor at a further first temperature.

The method may comprise associating a further second setting of the
adjustable device with a further second temperature signal value measured using the
temperature sensor at a further second temperature.

Such a method may permit the definition of multiple temperature control ranges
for a single temperature sensor.

The method may comprise storing the temperature control ranges in a memory.

The method may comprise selecting a different temperature control range at a
different time.

The method may comprise determining a further set-point temperature signal
value from a further corresponding set-point setting of the adjustable device, the further
first and second settings of the adjustable device, and the further first and second
temperature signal values.

Such a method may permit the setting of a different set-point temperature within
a corresponding temperature control range at a different time.

Such a method may be useful where a heating or cooling system or device is
used for different heating or cooling applications at different times.

It should be understood that one or more features of one aspect may apply

alone or in any combination to any other aspect.
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According to an aspect of the present invention there is provided a method for
controlling a temperature of an object, system or environment, comprising:

associating a first setting of an adjustable device with a first temperature signal
value measured using a temperature sensor at a first temperature;

associating a second setting of the adjustable device with a second
temperature signal value measured using the temperature sensor at a second
temperature;

determining a set-point temperature signal value from a set-point setting of the
adjustable device, the first and second settings of the adjustable device, and the first
and second temperature signal values; and

heating and/or cooling an object, system or environment to which the
temperature sensor is exposed until a temperature signal value measured by the
temperature sensor reaches the set-point temperature signal value.

It should be understood that one or more features of one aspect may apply
alone or in any combination to any other aspect.

According to an aspect of the invention there is provided an apparatus for use
in temperature control.

The apparatus may comprise an adjustable device.

The apparatus may comprise a processor.

The processor may be configured for communication with the adjustable device.

The processor may be configured to associate a first setting of the adjustable
device with a first temperature signal value measured at a first temperature.

The processor may be configured to associate a second setting of the
adjustable device with a second temperature signal value measured at a second
temperature.

The processor may be configured to determine a set-point temperature signal
value from a set-point setting of the adjustable device, the first and second settings of
the adjustable device, and the first and second temperature signal values.

The processor may be configured for communication with a temperature
sensor.

The first temperature signal value may be measured by a temperature sensor.

The second temperature signal value may be measured by the temperature
sensor.

The apparatus may comprise:

an adjustable device; and
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a processor configured for communication with the adjustable device and a
temperature sensor, wherein the processor is configured to:

associate a first setting of the adjustable device with a first temperature
signal value measured by the temperature sensor at a first temperature;

associate a second setting of the adjustable device with a second
temperature signal value measured by the temperature sensor at a second
temperature; and

determine a set-point temperature signal value from a set-point setting
of the adjustable device, the first and second settings of the adjustable device,
and the first and second temperature signal values.

The adjustable device may comprise a potentiometer, an encoder, a slider, a
dial, a keyboard, a touch screen or the like.

The apparatus may comprise a memory.

The processor may be configured for communication with the memory.

The processor may be configured to store the first and second settings of the
adjustable device together with the corresponding first and second temperature signal
values in the memory.

The apparatus may comprise a manually operated binary control device.

The processor may be configured for communication with the binary control
device.

The processor may be configured to determine at least one of the first and
second settings of the adjustable device in response to operation of the binary control
device.

The processor may be configured to determine at least one of the first and
second settings of the adjustable device in response to operation of the binary control
device.

The processor may be configured to control a plant so as to heat and/or cool
the object, system or environment to which the temperature sensor is exposed in
response to operation of the binary control device.

The processor may be configured to measure the first and second temperature
signal values from the temperature sensor in response to operation of the binary
control device.

The binary control device may comprise a switch, a button, a keyboard, a touch

screen or the like.
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The apparatus may comprise an indicator. The processor may be configured
for communication with the indicator.
The processor may be configured to operate the indicator so as to visually
confirm when the processor has determined the first and/or second settings of the
adjustable device.
The processor may be configured to operate the indicator so as to visually
confirm when the processor has determined the first and/or second settings of the
adjustable device.
The processor may be configured to operate the indicator so as to visually
confirm when the processor is controlling the plant so as to heat and/or cool the object,
system or environment to which the temperature sensor is exposed.
The processor may be configured to operate the indicator so as to visually
confirm when the processor has measured the first and/or second temperature signal
values from the temperature sensor.
The indicator may comprise a light emitting diode (LED) or a display such as a
digital display.
The processor may be configured for communication with a plant for heating
and/or cooling an object, system or environment to which the temperature sensor is
exposed.
The processor may be configured to control the plant so as to control the
temperature of the object, system or environment to which the temperature sensor is
exposed until a temperature signal value measured by the temperature sensor reaches
the set-point temperature signal value.
The apparatus may comprise a power switching device such as a relay or a
solid state power switching device such as a power transistor or the like for controlling
the supply of power to the plant.
It should be understood that one or more features of one aspect may apply
alone or in any combination to any other aspect.
According to an aspect of the invention there is provided a thermostat.
The thermostat may comprise:
the apparatus for use in temperature control; and
a temperature sensor.

The thermostat may comprise:

a temperature sensor,

an adjustable device; and
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a processor configured for communication with the adjustable device and the
temperature sensor, wherein the processor is configured to:

associate a first setting of the adjustable device with a first temperature
signal value measured by the temperature sensor at a first temperature;

associate a second setting of the adjustable device with a second
temperature signal value measured by the temperature sensor at a second
temperature; and

determine a set-point temperature signal value from a set-point setting
of the adjustable device, the first and second settings of the adjustable device,
and the first and second temperature signal values.

It should be understood that one or more features of one aspect may apply
alone or in any combination to any other aspect.

According to an aspect of the invention there is provided a temperature control
system.

The temperature control system may comprise:

the apparatus for use in temperature control;

a temperature sensor; and

a plant for heating and/or cooling the apparatus, system or environment
to which the temperature sensor is exposed.

The plant may comprise a heating system. The plant may comprise a heater,
an oven, a grill, a bath, a furnace, a gas turbine, a motor, an engine such as an internal
combustion engine, a diesel engine, a jet engine, a rocket, or the like.

The plant may comprise a cooling system. The plant may comprise a fridge, a
freezer, an air conditioning system, unit or the like.

The plant may comprise catering equipment. The plant may comprise a system
or appliance for warming, grilling, baking or cooking food. The plant may comprise a
system or appliance for cooling food such as a fridge, a freezer or the like.

The temperature control system may comprise:

a temperature sensor,

a plant for heating and/or cooling the object, system or environment to which
the temperature sensor is exposed;

an adjustable device; and

a processor configured for communication with the adjustable device and the

temperature sensor, wherein the processor is configured to:
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associate a first setting of the adjustable device with a first temperature
signal value measured by the temperature sensor at a first temperature;

associate a second setting of the adjustable device with a second
temperature signal value measured by the temperature sensor at a second
temperature; and

determine a set-point temperature signal value from a set-point setting
of the adjustable device, the first and second settings of the adjustable device,
and the first and second temperature signal values.

It should be understood that one or more features of one aspect may apply
alone or in any combination to any other aspect.

According to an aspect of the present invention there is provided a method for
use in temperature control.

The method may comprise associating a first setting of an adjustable device
with a first temperature. The method may comprise associating the first setting of the
adjustable device with a first temperature signal value. The first temperature signal
value may be representative of the first temperature. The method may comprise a
using a temperature sensor to measure the first temperature signal value at the first
temperature.

The method may comprise associating a second setting of the adjustable
device with a second temperature. The method may comprise associating the second
setting of the adjustable device with a second temperature signal value. The second
temperature signal value may be representative of the second temperature. The
method may comprise a using a temperature sensor to measure the second
temperature signal value at the second temperature.

The method may comprise determining a set-point temperature from a set-point
setting of the adjustable device, the first and second settings of the adjustable device,
and the first and second temperatures.

The method may comprise:

associating a first setting of an adjustable device with a first temperature;

associating a second setting of the adjustable device with a second
temperature; and

determining a set-point temperature from a set-point setting of the adjustable
device, the first and second settings of the adjustable device, and the first and second

temperatures.
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It should be understood that one or more features of one aspect may apply
alone or in any combination to any other aspect.

According to an aspect of the present invention there is provided a method for
controlling a temperature of an object, system or environment, comprising:

associating a first setting of an adjustable device with a first temperature;

associating a second setting of the adjustable device with a second
temperature;

determining a set-point temperature from a set-point setting of the adjustable
device, the first and second settings of the adjustable device, and the first and second
temperatures; and

heating and/or cooling an object, system or environment to which the
temperature sensor is exposed until a temperature signal value measured by the
temperature sensor reaches the set-point temperature.

The method may comprise associating the first setting of the adjustable device
with a first temperature signal value. The first temperature signal value may be
representative of the first temperature. The method may comprise a using a
temperature sensor to measure the first temperature signal value at the first
temperature.

The method may comprise associating the second setting of the adjustable
device with a second temperature signal value. The second temperature signal value
may be representative of the second temperature. The method may comprise a using
a temperature sensor to measure the second temperature signal value at the second
temperature.

The method may comprise determining a set-point temperature signal value
from a set-point setting of the adjustable device, the first and second settings of the
adjustable device, and the first and second temperature signal values.

The method may comprise heating and/or cooling an object, system or
environment to which the temperature sensor is exposed until a temperature signal
value measured by the temperature sensor reaches the set-point temperature signal
value.

It should be understood that one or more features of one aspect may apply
alone or in any combination to any other aspect.

According to an aspect of the present invention there is provided an apparatus
for use in temperature control.

The apparatus may comprise an adjustable device.
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The apparatus may comprise a processor.

The processor may be configured for communication with the adjustable device.

The processor may be configured to associate a first setting of the adjustable
device with a first temperature.

The processor may be configured to associate a second setting of the
adjustable device with a second temperature.

The processor may be configured to determine a set-point temperature from a
set-point setting of the adjustable device, the first and second settings of the adjustable
device, and the first and second temperatures.

The processor may be configured for communication with a temperature
sensor.

The apparatus may comprise:

an adjustable device; and

a processor configured for communication with the adjustable device, wherein
the processor is configured to:

associate a first setting of the adjustable device with a first temperature;

associate a second setting of the adjustable device with a second
temperature; and

determine a set-point temperature from a set-point setting of the
adjustable device, the first and second settings of the adjustable device, and
the first and second temperatures.

It should be understood that one or more features of one aspect may apply
alone or in any combination to any other aspect.

According to an aspect of the present invention there is provided a method for
use in temperature control. The method may be of use in the control of the
temperature of an object, system or environment. For example, the method may be of
use in the control of the temperature of a chamber of a heating and/or cooling
apparatus or an object located within a chamber of a heating and/or cooling apparatus.

The method may comprise measuring a first temperature of the object, system
or environment using a first temperature sensor located at a first position at a first time.

The first temperature sensor may, for example, be an existing sensor which is
incorporated with, or built into, the object, system or environment. The first
temperature sensor may be embedded into, or mounted on or adjacent to, a wall of a

chamber of a heating and/or cooling apparatus.
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The method may comprise measuring a second temperature of the object,
system or environment using a second temperature sensor located at a second
position at or around the first time.

The method may comprise selecting the second position of the second sensor
at a position relative to the object, system or environment at which accurate
temperature control of the object, system or environment is desirable or critical. The
method may comprise selecting the second position of the second sensor at a central
position within a chamber of a heating and/or cooling apparatus.

The method may comprise determining a temperature offset or difference
between the first and second temperatures.

The method may comprise measuring a third temperature of the object, system
or environment using one of the first and second temperature sensors at a second
time. For example, the method may comprise measuring a third temperature of the
object, system or environment using the first temperature sensor at the second time.

The method may comprise using the third temperature and the temperature
difference to determine a temperature at the position of the other of the first and
second temperature sensors at the second time. For example, the method may
comprise using the third temperature and the temperature difference to determine a
temperature at the position of the second temperature sensor at the second time.

The method may comprise removing the other of the first and second
temperature sensors from the object, system or environment after determining the
temperature difference. For example, the method may comprise removing the second
temperature sensor from the object, system or environment after determining the
temperature difference. Such a method may be used to “calibrate” the first
temperature sensor to allow the temperature at the position of the second temperature
sensor to be accurately deduced or inferred from a measurement performed using the
first temperature sensor. Such a method does not require the second temperature
sensor to remain in place once calibration is complete.

The method may comprise repeatedly measuring a third temperature of the
object, system or environment using one of the first and second temperature sensors.
For example, the method may comprise repeatedly measuring a third temperature of
the object, system or environment using the first temperature sensor.

The method may comprise using the third temperature and the temperature
difference to repeatedly determine a temperature at the position of the other of the first

and second temperature sensors. For example, the method may comprise using the
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third temperature and the temperature difference to repeatedly determine a
temperature at the position of the second temperature sensor.

The method may comprise heating and/or cooling the object, the system or
environment until the determined temperature at the position of the other of the first
and second temperature sensors reaches a predetermined temperature. For example,
the method may comprise heating and/or cooling the object, the system or environment
until the determined temperature at the position of the second temperature sensor
reaches a predetermined temperature.

The method may comprise measuring a plurality of further temperatures of the
object, system or environment using a plurality of further temperature sensors at or
around the first time, the plurality of further temperature sensors being located at a
corresponding plurality of further positions.

The method may comprise determining a plurality of temperature offsets or
differences, each temperature offset or difference being determined between the first
temperature and a different one of the further temperatures.

The method may comprise measuring a third temperature of the object, system
or environment using the first temperature sensor at a second time.

The method may comprise using the third temperature and each of the
temperature differences to determine a temperature at the plurality of further positions.

The method may comprise determining an average of the temperatures
determined at the plurality of further positions.

It should be understood that one or more features of one aspect may apply
alone or in any combination to any other aspect.

According to an aspect of the present invention there is provided a method for
use in, or when used in, temperature control or a method of temperature control.

The method may comprise associating a first setting of an adjustable device
with a first temperature signal value.

The method may comprise associating a second setting of the adjustable
device with a second temperature signal value.

The method may comprise determining a set-point temperature signal value
from a set-point setting of the adjustable device, the first and second settings of the
adjustable device, and the first and second temperature signal values.

The first temperature signal value may be associated with a first temperature.
The method may comprise using a temperature sensor to measure the first

temperature signal value. Alternatively, the method may comprise using an electrical
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source such as an electrical voltage source to provide the first temperature signal
value. The method may comprise using an electrical source to provide a first
temperature signal value equivalent to the first temperature signal value that would
have been measured by the temperature sensor at the first temperature.

The second temperature signal value may be associated with a second
temperature. The method may comprise using the temperature sensor to measure the
second temperature signal value. Alternatively, the method may comprise using an
electrical source such as an electrical voltage source to provide the second
temperature signal value. The method may comprise using an electrical source to
provide a second temperature signal value equivalent to the second temperature signal
value that would have been measured by the temperature sensor at the second
temperature.

It should be understood that one or more features of one aspect may apply
alone or in any combination to any other aspect.

According to an aspect of the present invention there is provided an apparatus
for use in, or when used in, temperature control. The apparatus may be a temperature
control apparatus.

The apparatus may comprise an adjustable device.

The apparatus may comprise a processor configured for communication with
the adjustable device.

The apparatus may comprise a temperature sensor.

The processor may be configured to:

associate a first setting of the adjustable device with a first temperature
signal value;

associate a second setting of the adjustable device with a second
temperature signal value; and

determine a set-point temperature signal value from a set-point setting
of the adjustable device, the first and second settings of the adjustable device,
and the first and second temperature signal values.

It should be understood that one or more features of one aspect may apply

alone or in any combination to any other aspect.
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BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will now be described by way of non-limiting example

only with reference to the following figures of which:

Figure 1 shows a temperature control system including an apparatus for use in
temperature control, a temperature sensor, and a plant for heating
and/or cooling an object, system or environment to which the

temperature sensor is exposed;

Figure 2 illustrates a method for use in temperature control,

Figure 3 shows an alternative temperature control system including an alternative
apparatus for use in temperature control, a temperature sensor, and a
plant for heating and/or cooling an object, system or environment to

which the temperature sensor is exposed:;

Figure 4 shows a further alternative temperature control system including a
further alternative apparatus for use in temperature control, a
temperature sensor, and a plant for heating and/or cooling an object,

system or environment to which the temperature sensor is exposed; and

Figure 5 shows a yet further alternative temperature control system.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring initially to Figure 1, there is shown a temperature control system
generally designated 10 comprising an apparatus for use in temperature control in the
form of a temperature controller generally designated 12, a temperature sensor in the
form of a Type K thermocouple 14, and a plant in the form of a heating element 16
located within an oven 18.

The temperature controller 12 comprises a processor 20, an adjustable device
in the form of a potentiometer 22, a binary control device in the form of a button 24 and
a visual indicator in the form of a light emitting diode (LED) 26. The temperature
controller 12 further comprises a memory 28 and a power switching device in the form

of a relay 30. An input of the relay 30 is connected to a power input cable 32 and an
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output of the relay 30 is connected to the heating element 16 of the oven 18 by a power
output cable 34. The temperature controller 12 further comprises an enclosure 36 for
housing the processor 20, the potentiometer 22, the button 24, the LED 26, the
memory 28 and the relay 30.

The temperature controller 12 is supplied with power via the power input cable
32. In other embodiments, the temperature controller 12 may comprise a power source
such as a battery.

As indicated by the dotted lines in Figure 1, the thermocouple 14, the relay 30,
the potentiometer 22, the button 24, the LED 26 and the memory 28 are all configured
for communication with the processor 20 of the temperature controller 12. Before the
temperature controller 12 is used to control the temperature of the oven 18, the
temperature controller 12 must first be programmed to define minimum and maximum
set-point temperatures as will now be described with reference to Figure 1 and Figure
2.

To programme the minimum set-point temperature, a user first rotates the
potentiometer 22 fully counter-clockwise and presses the button 24 for a first time. In
response to the first operation of the button 24, the processor 20 determines a first
potentiometer setting in the form of a voltage value P; representative of the fully
counter-clockwise setting of the potentiometer 22 and stores P, in the memory 28. The
processor 20 then causes the LED 26 to flash green to indicate that further user input
is required. The user presses the button 24 for a second time. In response to the
second operation of the button 24, the processor 20 switches the relay 30 so as to
provide an electrical path through the relay 30 from the power input cable 32 to the
power output cable 34 thereby supplying power to the heating element 16 of the oven
18 and causing the oven 18 to heat up. Whilst the relay 30 provides the electrical path
from the power input cable 32 to the power output cable 34, the processor 20 operates
the LED 26 so as to emit a constant red light to indicate that the relay 30 is providing
power to the heating element 16 of the oven 18.

Once the oven 18 has reached a desired minimum set-point temperature, the
user presses the button 24 for a third time. In response to the third operation of the
button 24, the processor 20 samples a voltage signal received from the thermocouple
14 to provide a first temperature signal value in the form of a sampled voltage value T,
which is representative of the minimum set-point temperature, and the processor 20
stores T4 in association with the voltage value P, representative of the fully counter-

clockwise setting of the potentiometer 22 in the memory 28. The processor 20 then
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switches the relay 30 so as to break the electrical path through the relay 30 from the
power input cable 32 to the power output cable 34 and switches off the LED 26.

To programme the maximum set-point temperature, a user first rotates the
potentiometer 22 fully clockwise and presses the button 24 for a fourth time. In
response to the fourth operation of the button 24, the processor 20 determines a
second potentiometer setting in the form of a voltage value P, representative of the
fully clockwise setting of the potentiometer 22 and stores P, in the memory 28. At the
same time, the processor 20 causes the LED 26 to flash green to indicate that further
user input is required. The user presses the button 24 for a fifth time. In response to
the fifth operation of the button 24, the processor 20 switches the relay 30 so as to re-
establish the electrical path through the relay 30 from the power input cable 32 to the
power output cable 34 thereby supplying power to the heating element 16 of the oven
18 and causing the oven 18 to continue heating up. Whilst the relay 30 provides the
electrical path from the power input cable 32 to the power output cable 34, the
processor 20 operates the LED 26 so as to emit a constant red light to indicate that the
relay 30 is providing power to the heating element 16 of the oven 18.

Once the oven 18 has reached a desired maximum set-point temperature, the
user presses the button 24 for a sixth time. In response to the sixth operation of the
button 24, the processor 20 samples the voltage signal received from the thermocouple
14 to provide a second temperature signal value in the form of a sampled voltage value
T, which is representative of the maximum set-point temperature and the processor 20
stores T, in association with the voltage value P, representative of the fully clockwise
setting of the potentiometer 22 in the memory 28. The processor 20 then switches the
relay 30 so as to break the electrical path through the relay 30 from the power input
cable 32 to the power output cable 34 and switches off the LED 26.

The minimum and maximum set-point temperatures define a temperature range
over which the temperature of the oven 18 is to be controlled. The minimum and
maximum set-point temperatures may allow the user to choose the temperature range
over which the oven 18 is to be controlled within an operating temperature range of the
thermocouple 14. The minimum and maximum set-point temperatures may, for
example, allow the user to choose the temperature range over which the oven 18 is to
be controlled within a maximum operating temperature range of the thermocouple 14.

The potentiometer 22 is subsequently rotated to a position corresponding to a
desired set-point temperature and, in response to a further operation of the button 24,

the processor 20 determines a voltage value P representative of the selected position
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of the potentiometer 22. As shown in Figure 2, the processor 20 then uses linear
interpolation to determine a set-point temperature signal value in the form of a voltage
value Ts Which corresponds to the selected potentiometer position from Pgg, P4, P,
T, and T,. The processor 20 subsequently enters a control mode in which it switches
the relay 30 so as to control the supply of power to the heating element 16 using
proportional, integral and/or derivative control until the temperature signal value
measured by the thermocouple 14 reaches the set-point temperature signal value T
Whilst in the control mode, the processor 20 causes the LED 26 to emit a constant
amber light. Subsequent operations of the button 24 will toggle the processor 20
between the control mode and a non-control mode in which the processor switches the
relay 30 so as to break the electrical path through the relay 30 from the power input
cable 32 to the power output cable 34 and switches off the LED 26.

One skilled in the art will understand that the temperature controller 12 may be
reprogrammed so as to re-define the temperature range over which the temperature of
the oven 18 is to be controlled so as to at least partially reduce the effects of
temperature sensor drift. Additionally or alternatively, the temperature controller 12
may be used to re-define the temperature range over which the temperature of the
oven 18 is to be controlled according to the particular application for which the oven 18
is to be used.

Figure 3 shows an alternative temperature control system generally designated
110 comprising a temperature controller generally designated 112, a temperature
sensor in the form of a Type K thermocouple 114, and a plant in the form of a heating
element 116 located within an oven 118.

The temperature controller 112 comprises a processor 120, a memory 128 and
a power switching device in the form of a relay 130. An input of the relay 130 is
connected to a power input cable 132 and an output of the relay 130 is connected to
the heating element 116 of the oven 118 by a power output cable 134. The
temperature controller 112 further comprises an enclosure 136 for housing the
processor 120, the memory 128, and the relay 130.

The temperature controller 112 is supplied with power via the power input cable
132. In other embodiments, the temperature controller 112 may comprise a power
source such as a battery.

Unlike the temperature controller 12 of Figure 1, the temperature controller 112
of Figure 3 comprises an antenna 140 for wireless communication with a remote device

142 such as a portable computer (PC), a smart phone or the like having an antenna
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144. As indicated by the dotted lines in Figure 3, the thermocouple 114, the memory
128, the relay 130 and the antenna 140 are configured for communication with the
processor 120.

The method of operation of the temperature controller 112 of Figure 3 closely
resembles that described above for the temperature controller 12 of Figure 1 and only
differs in that the remote device 142 performs the same functions of the potentiometer
22, the button 24, and the LED 26. The remote device 142 may have one or more data
input devices and/or one or more data output devices to permit remote programming of
the temperature controller 112. For example, the remote device 142 may comprise at
least one of a switch, a potentiometer, an encoder, a dial, a slider, a keyboard, a touch
screen or the like for this purpose. The remote device 142 may have at least one
indicator or display device such as an LED, a display or the like.

Figure 4 shows a further alternative temperature control system generally
designated 210 comprising a temperature controller generally designated 212, a
temperature sensor in the form of a Type K thermocouple 214, and a plant in the form
of a heating element 216 located within an oven 218. Unlike the oven 18 of the
temperature control system 10 of Figure 1, the oven 218 of the temperature control
system 210 of Figure 4 includes a power switching device in the form of a relay 230 for
controlling the supply of power from a power input cable 232 to the heating element
216 via a power output cable 234.

The temperature controller 212 comprises a processor 220, an adjustable
device in the form of a potentiometer 222, a binary control device in the form of a
button 224 and a visual indicator in the form of a light emitting diode (LED) 226. The
temperature controller 212 further comprises a memory 228. Unlike the temperature
controller 12 of Figure 1, the temperature controller 212 comprises a battery 250 which
provides power for the operation of the temperature controller 212. The temperature
controller 212 further comprises an enclosure 236 for housing the processor 220, the
potentiometer 222, the button 224, the LED 226, the memory 228 and the battery 250.

As indicated by the dotted lines in Figure 4, the thermocouple 214, the relay
230, the potentiometer 222, the button 224, the LED 226 and the memory 228 are all
configured for communication with the processor 220 of the temperature controller 212.
One skilled in the art will understand that the operation of the temperature control
system 210 of Figure 4 is generally similar to the operation of the temperature control

system 10 of Figure 1.
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Referring Figure 5, there is shown a further temperature control system
generally designated 310. The temperature control system 310 of Figure 5 shares
many like features with the temperature control system 10 of Figure 1 and, as such,
like features share like reference numerals. The temperature control system 310
comprises a temperature controller generally designated 312, a temperature sensor in
the form of a Type K thermocouple 314, and a plant in the form of a heating element
316 located within an oven 318. The temperature control system 310 further
comprises a further temperature sensor in the form of a further Type K thermocouple
360 located at the centre of the oven 318. The thermocouple 360 may be retro-fitted at
the centre of the oven 318.

The temperature controller 312 comprises a processor 320, an adjustable
device in the form of a potentiometer 322, a binary control device in the form of a
button 324 and a visual indicator in the form of a light emitting diode (LED) 326. The
temperature controller 312 further comprises a memory 328 and a power switching
device in the form of a relay 330. An input of the relay 330 is connected to a power
input cable 332 and an output of the relay 330 is connected to the heating element 316
of the oven 318 by a power output cable 334. The temperature controller 312 further
comprises an enclosure 336 for housing the processor 320, the potentiometer 322, the
button 324, the LED 326, the memory 328 and the relay 330.

As indicated by the dotted lines in Figure 5, the thermocouples 314, 360 the
relay 330, the potentiometer 322, the button 324, the LED 326 and the memory 328 are
all configured for communication with the processor 320 of the temperature controller
312.

The thermocouple 360 may be used to accurately measure a temperature at
the centre of the oven 318. The processor 320 may operate the relay 330 to heat or
cool the oven 318 according to the temperature measured by the thermocouple 360.
This may ensure that the temperature at the centre of the oven 318 is controlled
accurately. This may be important when the temperature of the centre of the oven 318
is critical, but where the thermocouple 314 is embedded or attached during
manufacture of the oven 318 into a wall of the oven 318.

Additionally or alternatively, the thermocouple 360 may be used to calibrate the
thermocouple 314. Once calibration is complete, the thermocouple 360 may be
removed or disabled. More specifically, or around a first time, the thermocouple 314 is
used to measure a first temperature and the thermocouple 360 is used to measure a

second temperature. The processor 320 determines and a temperature offset or
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difference between the first and second temperatures. The processor 320 stores the
temperature difference in the memory 328. At a subsequent second time, the
thermocouple 314 measures a third temperature and the processor 320 applies the
stored temperature difference to the third temperature to thereby infer the temperature
at the centre of the oven 318. The processor 320 may determine the temperature
offset or difference at a predetermined temperature sensed by one of the
thermocouples 314, 360. Such a method may be used to accurately control
temperature at the centre of the oven 318 even where the existing thermocouple 314 is
incorporated into a wall of the oven.

In a variant of the method of use of the further temperature control system 310
described above, the processor 320 may determine the temperature offset or
difference at each of a plurality of predetermined temperatures sensed by the
thermocouple 314. Each of the predetermined temperatures and the corresponding
temperature offsets or differences may be stored in the memory 328 and used to more
accurately determine the temperature at the centre of the oven 318 when the
thermocouple 314 is used to measure temperature. Such a method may be used to
more accurately control temperature at the centre of the oven 318 even where the
existing thermocouple 314 is incorporated into a wall of the oven.

One skilled in the art will appreciate that various modifications of the foregoing
temperature control systems 10, 110, 210 and methods may be made without
departing from the scope of the present invention as defined by the claims. For
example, the temperature control systems 10, 110, 210 may be used in conjunction
with a calibrated temperature sensor (not shown) which is separate from the
thermocouples 14, 114, 214. The calibrated temperature sensor may provide absolute
temperature readings which may be associated with the voltage signal values T, and
T, obtained by sampling signals received from the thermocouples 14, 114, 214.
Alternatively, absolute temperature readings corresponding to the voltage signal values
T, and T, may be obtained from calibration data specific to the particular thermocouple
used or specific to the particular type of thermocouple used.

Although the temperature controllers 12, 112, 212 are shown as being located
externally adjacent to the ovens 18, 118, 218, it should be understood that the
temperature controllers 12, 112, 212 may be located internally within the ovens 18,
118, 218 or remotely from the ovens 18, 118, 218.

Rather than using linear interpolation to determine the set-point temperature

signal value Ts, any interpolation method may be used to determine the set-point
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temperature signal value Tge from Pse, P4, P2, T4 and T.. For example, known
polynomial or spline interpolation methods may be used.

The foregoing temperature control systems 10, 110, 210 and methods may be
used with any kind of temperature sensor. For example, the foregoing temperature
control systems 10, 110, 210 and methods may be used with at least one of a
thermometer, a thermocouple, a resistance temperature detector (RTD), a thermistor, a
pyrometer or the like.

A power switching device other than a relay may be used. For example, a solid
state switch such as a power transistor or the like may be used.

Although the temperature controllers 12, 112, 212 have been described for use
in controlling the temperature of ovens 18, 118, 218 the temperature controllers 12,
112, 212 may be used for the temperature control of any object, system or
environment. The temperature controllers 12, 112, 212 may, for example, be used for
controlling the temperature of a heating or cooling system of any kind. The
temperature controllers 12, 112, 212 may be used for controlling the temperature of a
system or appliance for warming, grilling or cooking food. The temperature controllers
12, 112, 212 may be used for controlling the temperature of a system or appliance for
cooling such as a fridge, a freezer or the like. The temperature controllers 12, 112, 212
may be used for controlling the temperature of a system or environment across a broad
temperature range from cryogenic temperatures to temperatures present in a furnace
or a jet engine or the like.

Furthermore, each of the temperature controllers 12, 112, 212 may be
programmed for use with multiple temperature sensors. For example, the temperature
controller 12 may be programmed to operate with multiple temperature sensors, where
each temperature sensor is used to sense the temperature of a different object, to
sense the temperature in a different environment or zone, or to sense the temperature
of a different system or component. The temperature controller 12 may be
programmed to define different temperature control ranges for different objects, to
define different temperature control ranges in different environments or zones, or to
define different temperature ranges for different systems or components.

Additionally or alternatively, each of the temperature controllers 12, 112, 212
may be programmed for use with a single temperature sensor over multiple
temperature control ranges. For example, the temperature controller 12 may be
programmed to operate over multiple temperature control ranges, where each

temperature control range corresponds to a different application or use of the oven 18.
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One skilled in the art will appreciate that the method described for programming or
defining a single temperature control range may be extended so as to define multiple
temperature control ranges which are stored in the memory 28 and which may be
selected by a user according to a desired application or use of the oven 18.

Rather than physically changing the temperature of the environment in which a
temperature sensor 14, 114, 214 is located to permit programming of the minimum or
maximum set-point temperature, a voltage source may be used to provide an
equivalent voltage value to the controller 20, 120, 220 which is equivalent to the
voltage T, or T, that would have been provided by the temperature sensor 14, 114, 214
at the desired minimum or maximum set-point temperature. The equivalent voltage
value corresponding to a given temperature may be determined from calibration data
for the specific temperature sensor used or for the specific kind of temperature sensor

used.
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CLAIMS

1. A method for use in temperature control comprising:

associating a first setting of an adjustable device with a first temperature signal
value;

associating a second setting of the adjustable device with a second
temperature signal value; and

determining a set-point temperature signal value from a set-point setting of the
adjustable device, the first and second settings of the adjustable device, and the first

and second temperature signal values.

2. A method according to claim 1, wherein the first temperature defines a minimum set-
point temperature and the second temperature defines a maximum set-point

temperature.

3. A method according to claim 1 or 2, wherein the first and second temperatures
define a temperature range over which an object, system or environment is to be

controlled.

4. A method according to any preceding claim, comprising storing the first and second
settings of the adjustable device together with the corresponding first and second

temperature signal values in a look-up table.

5. A method according to any preceding claim, comprising storing the first and second
settings of the adjustable device together with the corresponding first and second

temperature signal values in a memory.

6. A method according to any preceding claim, comprising using interpolation to
determine the set-point temperature signal value from the set-point setting of the
adjustable device, the first and second settings of the adjustable device, and the first

and second temperature signal values.

7. A method according to any preceding claim, comprising using linear interpolation to

determine the set-point temperature signal value from the set-point setting of the
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adjustable device, the first and second settings of the adjustable device, and the first

and second temperature signal values.

8. A method according to any preceding claim, wherein the first setting of the

adjustable device is a minimum setting of the adjustable device.

9. A method according to any preceding claim, wherein the second setting of the

adjustable device is a maximum setting of the adjustable device.

10. A method according to any preceding claim, comprising manually adjusting the
adjustable device to at least one of the first setting, the second setting and the set-point

setting.

11. A method according to any preceding claim, comprising:

using the temperature sensor to measure the first temperature signal value
when the temperature sensor is at a first temperature; and

using the temperature sensor to measure the second temperature signal value

when the temperature sensor is at a second temperature.

12. A method according to claim 11, comprising:

adjusting the setting of the adjustable device to the first setting;

heating and/or cooling an object, a system or an environment to which the
temperature sensor is exposed to the first temperature;

using the temperature sensor to measure the first temperature signal value;

adjusting the setting of the adjustable device to the second setting;

heating and/or cooling the object, the system or the environment to which the
temperature sensor is exposed to the second temperature; and

using the temperature sensor to measure the second temperature signal value.

13. A method according to claim 11 or 12, comprising:
confirming that the temperature sensor is at the first temperature before
measuring the first temperature signal value from the temperature sensor; and
confirming that the temperature sensor is at the second temperature before

measuring the second temperature signal value from the temperature sensor.
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14. A method according to claim 13, wherein confirming that the temperature sensor is
at the first or second temperature comprises:

using a calibrated temperature sensor to monitor the temperature of an object,
a system or an environment to which the temperature sensor is exposed; and

heating and/or cooling the object, the system or the environment until the
temperature of the object, the system or the environment measured using the

calibrated temperature sensor is at the first or second temperature.

15. A method according to any preceding claim, comprising:

measuring the first temperature signal value from the temperature sensor in
response to a first manually provided stimulus; and

measuring the second temperature signal value from the temperature sensor in

response to a second manually provided stimulus.

16. A method according to any preceding claim, comprising heating and/or cooling an
object, system or environment to which the temperature sensor is exposed until a
temperature signal value measured by the temperature sensor reaches the set-point

temperature signal value.

17. A method according to claim 16, comprising using proportional, integral and/or
derivative control to control the heating and/or cooling of the object, the system or the

environment.

18. A method according to any preceding claim, wherein the temperature sensor
comprises at least one of a thermometer, a thermocouple, a resistance temperature

detector (RTD), a thermistor, and a pyrometer.

19. An apparatus for use in temperature control comprising:
an adjustable device; and
a processor configured for communication with the adjustable device and a
temperature sensor, wherein the processor is configured to:
associate a first setting of the adjustable device with a first temperature

signal value;



10

15

20

25

30

WO 2014/184541 PCT/GB2014/051465

32

associate a second setting of the adjustable device with a second
temperature signal value; and

determine a set-point temperature signal value from a set-point setting
of the adjustable device, the first and second settings of the adjustable device,

and the first and second temperature signal values.

20. An apparatus according to claim 19, wherein the adjustable device comprises a

potentiometer, an encoder, a dial, a slider, a keyboard or a touch screen.

21. An apparatus according to claim 19 or 20, comprising a memory, wherein the
processor is configured for communication with the memory and is configured to store
the first and second settings of the adjustable device together with the corresponding

first and second temperature signal values in the memory.

22. An apparatus according to any of claims 19 to 21, comprising a manually operated
binary control device, wherein the processor is configured for communication with the
binary control device and is configured to do at least one of the following in response to
operation of the binary control device:

determine at least one of the first and second settings of the adjustable device;

control a plant so as to heat and/or cool the object, system or environment to
which the temperature sensor is exposed; and

measure the first and second temperature signal values from the temperature

Sensor.

23. An apparatus according to any of claims 19 to 22, wherein the binary control device

comprises a switch, a button, a keyboard or a touch screen.

24. An apparatus according to any of claims 19 to 23, comprising an indicator, wherein
the processor is configured for communication with the indicator and is configured to
operate the indicator so as to visually confirm at least one of the following:

when the processor has determined the first and/or second settings of the
adjustable device;

when the processor is controlling the plant so as to heat and/or cool the object,

system or environment to which the temperature sensor is exposed; and
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when the processor has measured the first and/or second temperature signal

values from the temperature sensor.

25. An apparatus according to claim 24, wherein the indicator comprises a light

emitting diode (LED) or a display.

26. An apparatus according to any of claims 19 to 25, wherein the processor is
configured for communication with a plant for heating and/or cooling an object, system
or environment to which the temperature sensor is exposed and the processor is
configured to control the plant so as to control the temperature of the object, system or
environment to which the temperature sensor is exposed until a temperature signal
value measured by the temperature sensor reaches the set-point temperature signal

value.

27. A thermostat comprising:
an apparatus according to any of claims 19 to 26; and

a temperature sensor.

28. A temperature control system comprising:
an apparatus according to any of claims 19 to 26;
a temperature sensor; and
a plant for heating and/or cooling an object, a system or an environment to

which the temperature sensor is exposed.

29. A method according to any of claims 1 to 18, comprising

locating a further temperature sensor at a different position to the temperature
sensor at, on, adjacent to, or within an object, system or environment to which the
temperature sensor is exposed; and

heating and/or cooling the object, the system or environment until a
temperature measured using the further temperature sensor reaches a predetermined

temperature.

30. A method according to any of claims 1 to 18, comprising:
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locating a further temperature sensor at a different position to the temperature
sensor at, on, adjacent to, or within an object, system or environment to which the
temperature sensor is exposed;

determining a temperature difference between a temperature measured using
the temperature sensor and a temperature measured at or around the same time using
the further temperature sensor,

storing the temperature difference;

measuring a third temperature using the temperature sensor; and

using the third temperature and the stored temperature difference to determine

a temperature at the further position.

31. A method according to claim 30, comprising:
heating and/or cooling the object, system or environment until the determined

temperature at the further position reaches a desired temperature.

32. A method according to claim 30 or 31, comprising:
removing the further temperature sensor from the object, system or

environment after determining the temperature difference.

33. A method for use in temperature control, comprising:

measuring a first temperature of an object, system or environment using a first
temperature sensor located at a first position at a first time;

measuring a second temperature of the object, system or environment using a
second temperature sensor located at a second position at or around the first time;

determining a temperature difference between the first and second
temperatures;

measuring a third temperature of the object, system or environment using one
of the first and second temperature sensors at a second time; and

using the third temperature and the temperature difference to determine a
temperature at the position of the other of the first and second temperature sensors at

the second time.

34. A method according to claim 33, comprising:
removing the other of the first and second temperature sensors from the object,

system or environment after determining the temperature difference.
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35. A method according to claim 33 or 34, comprising:

repeatedly measuring a third temperature of the object, system or environment
using one of the first and second temperature sensors;

using the third temperature and the temperature difference to repeatedly
determine a temperature at the position of the other of the first and second temperature
SENsors;

heating and/or cooling the object, the system or environment until the
determined temperature at the position of the other of the first and second temperature

sensors reaches a predetermined temperature.

36. A method according to claim 33, comprising:

measuring the third temperature of the object, system or environment using the
first temperature sensor at the second time; and

using the third temperature and the temperature difference to determine a

temperature at the position of the second temperature sensor at the second time.

37. A method according to claim 36, comprising:
removing the second temperature sensor from the object, system or

environment after determining the temperature difference.

38. A method according to claim 36 or 37, comprising:

repeatedly measuring a third temperature of the object, system or environment
using the first temperature sensor;

using the third temperature and the temperature difference to repeatedly
determine a temperature at the position of the second temperature sensor;

heating and/or cooling the object, the system or environment until the
determined temperature at the position of the second temperature sensor reaches a

predetermined temperature.

39. A method according to any of claims 36 to 38, comprising selecting the second
position of the second sensor at a position relative to the object, system or environment
at which accurate temperature control of the object, system or environment is desirable

or critical.
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40. A method according to any of claims 36 to 39, comprising selecting the second
position of the second sensor at a central position within a chamber of a heating and/or

cooling apparatus.
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