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(57) Abstract: A capacitive touch sensor is provided hav-
ing sensing path for setting a color parameter to a desired
value within a range, the color parameter being color hue,
color saturation or color temperature. The sensor has a
first mode of operation in which a parameter can be set ap-
proximately to a desired value and a second mode in
which the value can be refined to the exact amount. In the
first mode, the full range of possible values is mapped
onto the sensing path and a user touch selects a value
within the full range according to its position along the
sensing path. In the second mode a finer adjustment is pro-
vided for, either by mapping a narrower sub-range of the
full range onto the sensing path, or by allowing incremen-
tal adjustment of the parameter from the value initially set
in the first mode, each incremental unit of adjustment be-
ing triggered by the object being displaced through a pre-
determined threshold displacement along the sensing path.
Switching from the first mode to the second mode is trig-
gered if moving displacement of the object along the sens-
ing path from the first point of touch exceeds a minimum
threshold value. This provides an intuitive transition for
the user from coarse to fine adjustment.
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CAPACITIVE POSITION SENSOR

CLAIM OF PRIORITY

{6005 Benefit of priority is herehy claimed to 1.5, Patent Apphication
Serial Number 12/317,305, filed on December 22, 2008, which is a continuation-
in-part of U.S. Patent Application Serial Number 11/868,566, filed on October 8,
2007, which claims the benefit of priority to U.8. Provisional Apphcation Serial
Number 60/862,358, filed on October 20, 2006, which arc herein incorporated

by reference.

BACKGROUND OF THE INVENTION

{8002] The invention relates to capacitive position Sensors, more
particularly the invention relates to capacitive position sensors for detecting the
position of an object around a curved path.

{80031 Capacitive position sensors are applicable to human interfaces as
well as material displacement sensing 1o conjunction with controls and
appliances, mechanisms and machinery, and computing.

{B004] Capacitive position sensors in general have recently become
mereasingly common and aceepted 1 buman interfaces and for machine control.
In the ficld of home appliances, i is now guite cormon to find capacitive touch
controls operable through glass or plastic panels. These sensors are increasingly
typified by 1S 6,452,514 which describes a matrix sensor approach employing

charge-transfer principles. Electrical appliances, such as TV's, washing
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machines, and cooking ovens increasingly have capacitive sensor controls
adjusting various parameters, for exanple volume, time and temperature.
{BB0S] Due to increasing market demand for capacitive touch controls,
there is an increased need for lower cost-per-function as well as greater
flexibility in usage and configuration. There exists a substantial demand for new
huroan interface technologics which can, at the right price, overcome the
techrnical deficits of electromechanical controls on the one hand, and the cost of

touch screens or other exotica on the other.
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{B3006] EP1273851A2 discloses a device for adjusting temperatare
scttings, power settings or other parameters of a cooking apparatus. The device
comprises a strip sensor which moay be hinear, curved or circular and may be a
capacitive touch sensor or some other form of touch sensor. A Iinear display is
arranged in paralle] to the sensor. The capacitive touch sensor is sensitive to the
touch of a finger and the display strip is mwade up of multiple display segments
which illuminate to show the current touch setting as defined by a finger touch
on the capacitive touch sensor. A predetermined calibration curve relating to a
paramcter to be adjusted is mapped onto the strip, the range extending from a
minimwn vahie 1o a maximoum vatue. The mintmum value may correspond 1o an
off condition of the domestic appliance. Additional operational modes may be
associated with the adjustment strip {o ascribe new functions to the sensor strip.
These can be selected by touching the display for a certain fime. For example, a
first additional mode can be entered by touching for 5 seconds, and a second
additional mode by touching for 10 seconds. One of the additional operational
miodes is a zoom mode which provides for fine adjustment of the parameter
value. The zoom operational mode can be activated by a contact time of, for
example, 10 seconds. Tn the zoom mode an additional digital display is activated
to show the current nurmerical value of the parameter being adjusted. In the zoom
mode, only a fraction {(¢.g. 10%) of the original adjustment range is mapped onto
the adjustroent strip so that moving a finger across the fidl length of the sensor
strip from left to right {or right to lefty will only increase (decrease} the current
sctting of the parameter value, thereby providing a finer adjustment. During this
fine adjustment, the display strip keeps its original function as a relative
mdicator of the full range between the mintmum and maximuom values.

188871 More generally, linear, curved and circuldar sensor strips for
adjusting cooker settings have been known for many years, for example see
US4121204 (resistive or capacitive sensor), DE19645907A 1 {capacitive sensor},
DEI9903300A 1 (resistive sensor), and EP1602882A1 {optical sensor).

{(B08] WO2006/133976A1, WO2007/006624A1 and W02007/023067A1
are more recent examples of work on touch-sensitive control strips for domestic
appliances using capacitive sensors. These three patent applications were filed
betfore the priority date of the present applhication, but first pubhished after the
priority date of the present application. In particular, WO2006/133976A1 and

2
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WO2007/023067 Al disclose sensors with a zoom function similar to the above-
deseribed EP1273851 A2 which is used for setting a timer.

{6009 WO2006/133976A1 provides an adjustment strip with two
operational modes. In the first mode the full parameter vahie range 1s mapped
across the sensor strip. For example 0 to 99 minutes in a timer function. I a user
wishes to set the firoer to 30 minutes, he touches the strip approximately one
third way along. A parameter value of say 34 minuties is sensed by the capacitive
sensor, and displayed to the user on a numeric display. Once the fnitial value has
been set, the effect of touching the sensor field is automatically changed to a
second mode in which the parameter value is decreased {or increased) finely
{rom the initially selected value by an amount that depends on the distance
moved by the finger along the sensor strip. In the example, the user can then
shide his finger from right to left fo reduce the time from 34 minutes to the
desired 30 mimutes, using the display for visual feedback. In this way, the user
can imtially make a rough selection of the desired parameter value with a point
and touch action, and then refine it to the exact value desired by a finger sliding
action.

{60194 WO2007/023067A1 provides an adjustment strip with two
operational mmodes that switch between mapping the full parameter value range
across the sensor sirip and a partial range selected to show the subrange of
parameter values between which the parameter 1s most often set by a user. The
example of setling the timer on a cooker 1s given.

{8011 While a zoom function is useful, prior art implementations of the
zoom function have limitations regarding the manner in which the transition is
effected from the full range mode to the zoom mode. Tn EP1273851A2, the user
is made {o wait for a certain time, 1 seconds in the specific example, until the
transition occurs. On the other hand, m WOZ006/133976A1 the transition
automatically occurs as soon 48 a value from the fill range s selected. Netther
transition mode is ideal, the former can be frustratingly slow for the user, and the
latter automatic transition to fine adjustment is vndesirable in the case that the
initial touch sets a value that is a considerable way off what is intended by the

User.
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SUMMARY OF THE INVENTION

G121 The invention provides an improved capacitive position sensor
for an electrical apphance o which a desired pararocter value, in particular a
color parameter value, can be more efficiently and accurately selected.

{6013] According to one aspect of the present invention, there is
provided a capacitive position sensor for detecting a position of an object
comprising: a sensing clement comprising a sensing path; at least one terminal
connected to the sensing clement; at least one sensing channel connected to the
at 1east one terminal in which the sensing channel is operable to generale a signal
indicative of capacitance between the terminal and a systern ground; roeans to
determine a position of an object on the sensing clement; and means to further
refine the position of the object corresponding to a value in a parameter range of
values.

{3014 More particularly, this aspect of the invention provides a
capacitive position sensor for sefting a parameter or function to a desired vahie
in a range of parameter or function values by determining the position of an
obiect on a capacitive position sensor, the capacitive position sensor comprising:
a sensing clement comprising a sensing path; at least one terminal connected to
the sensing clement; at least one sensing channei connected to the at least one
termainal i which the sensing channel is operable to generate a signal jndicative
of capacitance between the terminal and a system ground; means to determine a
position of an object on the sensing element; means to {urther refine the position
of the object corresponding to a value in the range of parameter or function
values; and a processor operable 1o fnterpret and process the signal to defermine
the approximate position of an object on the sensing path, the processor being
condigured to provide a first mode of the capacitive position sensor in which the
range of pararaeter or function values is mapped onto the sensing path and in
which the parameter or function can be set to approximately the desired value by
a touch of the sensing path at a first point, and a second mode in which
displacement of an object on the sensing clement adjusts the parameter or
function from the value initially set in the first mode, wherein the processor is
configured to swiich from the first mode to the second mode responsive to
capacitive coupling caused by moving displacement of an object along the
sensing path m relation to the first point of touch.

4
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{B015] According to another aspect of the present invention, there is
provided a method for determining the position of an object on a capacitive
position sensor as hereinbefore defined, the method comprising bringing an
object into proxmmity with the sensing element so as to determine a position of
the objoct, initiating a change in mode of the sensor to respond {0 capacitive
coupling caused by moving displacerent of an object on the sensor element,
displacing an object on the sensing element to select a value m a parameter range
of values, and processing the signal to determine the selected parameter valoe.
{816 More particularly, this aspect of the invention provides a method
for setting a pararaeter or function to a desired value in a range of parameter or
{unction vahies by determining the position of an object on a capacitive position
sensor, the capacitive posilion sensor comprising: a sensing clement comprising
a sensing path; at least one terminal connected to the sensing element; at least
one sensing chamnel connected to the at least one terminal in which the sensing
channel is operable to generate a signal indicative of capacitance between the
terminal and a system ground; means {0 determine a position of an object on the
sensing clement; and means to further refine the position of the object
cmrespondin g to a value in the range of parameter or function values, the
method comprising: o a first mode of the capacitive position sensor in which the
range of pararaeter or function values is mapped onto the sensing path bringing
an object into proximity with the sensing clement at a first point 50 as to
determine a position of the object and thereby initially set the parameter or
fiinetion to approximateiy the desired valueg; initiating a change in mode of the
ensor from the first mode 1o a second mode responsive to capacitive coupling
caused by moving displacement of the object along the sensing path in relation
to the first point of touch of the object on the sensing element; in the second
mode displacing the object on the sensing element to adjust the parameter or
function fromo the value foitially set to the desired value; and processing the
signal to determine the selected parameter or function valae.
{8417 In an embodiment of the invention, the capacitive sensor may
work in a first mode and a seccond mode. fn a first mode, a sigoal may be
generated which is mdicative of capacitive coupling of an object, for example a
user's finger, with the sensing element. The signal generated m the first mode
may provide an approximate position of an object in relation fo a desired

Q
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parameter valoe the user wishes to select. A processor may preferably be
provided fo interpret and process the signal to determine the approximate
position of an ohject on the sensing clement. It is preferved that i the first mode
of operation, the capacitive sensor may generate a signal indicative of capacitive
coupling caused by bringing an object info proximity with a desired location on
the sensor or by moving displacement of the object in proximity with the sensing
clement.

{BBEE] In an embodiment of the Invention, the capacitive sensor may
enter a second mode of eperation if moving displacement of the object in
proximity with the sensing clement during a first mode of operation exceeds a
minimum threshold value. For example, for a sensing element m the form of a
rotary capacitive sensor, if a user displaces an object in proximity with the
sensing element during a frst mode of operation by a minimum threshold angle
in relation to a first pomnt of touch of the object on the sensing element, the
capacitive sensor may switch into a second mode of operation. The mimmum
threshold angle may be determined by an algorithia programmed into a
miicrocontrolier and the threshold angle moay be set at different values depending
on the sensitivity required and the parameter which is bemg adjusted. In one
emibodiment, the threshold angle may be set at 20 degrees before the capacitive
sensor switches from the first mode to the second mode of operation. An
approximate parameter value ray be obtained in the first wode and in the
second mode a desired parameter value may be selected.

{3019 In the second mode of operation, an object may be displaced in

5
b
i

proximity with the sensing clement by a pre-determined threshold value, for
example 20 degrees, to effect an meremental change i the pararoeter valae
thereby allowing a desired specific parameter valie to be selected.
Advantageously, a capacitive sensor of the invention operating 1o a first mode
may allow & pararoeter value to be selected (which may be the desired value, or
near to the desired value, the user wishes to select) and in a second mode the
sensor may cffect an incremental incr or decrease of the parameter value
sclected in the first mode. fo the second mode, a parameter value may be
mereased or decreased by a pre-determmed amount, for example + 1 unit, £5
units, or =1 units, based on the number of times an object is displaced on the

sensing clement exceeding a pre-determined threshold value. Therefore, the
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threshold value may correspond to an increase or decrease of the parameter
alue by, say, =1 unit, and each time the threshold value is reached (n times} th
parameter value will increase or decrease by =1 (o times £1),
106201 In an alternative embodiment of the invention, the capacitive
sensor may enter a second mode of operation by effectively ‘zooming-in' on a
narrower range of parameter values, compared to the parvameter range displayed
in the first mode, so that a user may accurately select a desired parameter value.
The narrower range of parameter values shown duoring the second mode will be
determined by the parameter value selected in the first mode, for example plus
and rotnus 10 uniis from the value selected in the fivst mode. In the second mode
of operation, an object may be displaced along the sensing element so as to
select the desired parameter value
{602} Preferably the processor for determining the position of an object
in proximity with the sensing element n a first mode of operation may be
operable for also determining the position of an object in proximity with the
sensing element in a second mode of operation.
{8822 Thevefore, in the invention the capacitive sensor may function in
a first mode of operation n which an approximate parameter value may be
selected followed by a second mode of operation in which a specific parameter
value may be selected. The range of parameter values associated with the
capacitive sensor (1.e. the resolution) may determine whether a desired parameter
valiue can be selected in the first mode of operation. The second mode of
operation will allow a desired parameter value to be accurately selected, for
example, either by zooming-in on a narrower range of parameter values around
the parameter value selected i the first mode and displacing an object in
proximity with the sensing clement {o select the desired value, or, by displacing
an object in proximity with the sensing element fo exceed a pre-determined
threshold value in order to change the parameter value selected from the first
mode by one or more increments. The nomber of times the threshold value is
exceeded may determine the number of times the parameter value is increased or
decreased.
{60231 A capacitive sensor of the invention may be incorporated into a
control panel of an electronic apphance or gadget, for example a cooking oven,
raicrowave oven, television, washing machine, MP3 player, mobile phone, or

I
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other multimedia device. Another example is a control panel for controlling
lights or the background lighting of displays, such as a diramer function to
control brightoess, or aspects of the color in color lighting, such as light emitting
diode (LED) lighting. The control panel for the light may be mtegral with the
light, in a remote control unit, or wali mounted on a wall plate. A wide range of
parameters/functions may be controlled by the capacitive sensor of the
mvention, dependent on the type of electronic apphance in which the capacitive
sensor is incorporated, for example, temperatare, volume, contrast, brightness, or
frequency. Another example is to control color parameters, such as color hue,
color saturation and color temperature 1o Hights or displays, such as computer
displays or television displays. The parameter or function to be controlied may
be selected prior to use of the capacitive sensor.

16024} Advantageously, the sensor has a bigher degree of resolution in
the second mode allowing a user to rove their finger o proximity with the
sensing element to select a specific parameter value. If the sensing element is in
the form of a closed loop, a user may be able to scroll clockwisc or
anticlockwise around the sensing clernent to sclect the desired value. In the
second mode for example, 2 20 degree votation may be equivalent to changing a
parameter value by 1 unit. The amount of rotation required by an object on the
sensing clement 1o cause an meremental change in a parameter value may be
varied dependent on the parameter or function being controlied. Control ciremitry
or a program-conirolled microprocessor may be used to control the degree of
rotation reguired o cause a change in a parameter vafue.

{6025] In a preferred embodiment of the invention, the sensing element
is arcuate in shape. It is particularly preferred that the sensing element is in the
form of a closed loop for use in a rotary capacitive position sensor. In a rotary
capacitive position sensor embodiment, an object roay be mooved along the

sensing element of the sensor for a plurality of revolutions and the distance
moved by the object may determine the oulput signal which is generated by the
sensing channel{s).

{6026] In the first mode of operation of the capacitive sensor, capacitive
~ 3 £ et 1 - ity ith a2 cena >l orent av he deteote
coupling of an object in proximity with a sensing element may be detected to
give an approximate position in relation to a range of valoes for a given

parameter. I a user wishes to obtain differcot position data, the object may be
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removed {rom proximity with the sensing element and then brought into
proximity with the said sensing clement again. In other words, a user may
initiate the first mode of the sensor again simply by retouching the seusing
element. When the second mode of operation is initiated, a user may scroll the
sensing clement to select a specific value of a certain parameter. An output
signal may be generated indicative of a specific parameter value when an objec
ceases displacement at a cerain position on the sensing clement. in an
embodiment, if a user releases touch from the sensing clement in a second meode
and retouches the sensing elernent then the first mode of operation may be
activated again.

{60271 In an embodiment of the invention, the capacitive position sensor
may further comprise one, two or more discrete sensing areas in the contre
region of a rotary sensing element. Preferably, if the sensing areas in the centre
region of the sensing clement sense capacitive coupling o an object, any signal
produced from the sensing element is reduced or Tocked ouot’ using the Adjacent
Key Suppression™ technology described in the applicant's earlier US 6,993,607
and US 11/279,402 both incorporated herein by reference. Any output signal
{rom the rotary sensing clement caused by capacitive coupling with an object
may also lock out a signal from the central sensing areas.

{B028] The sensing element may be crobodied by a single resistor, for
example it may comprise a resistive material deposited on a substrate to form a
continuous patiern. This provides for an easy-to-fabricate resistive sensing
clerent which can be deposited on the substrate in any one of a range of
patierns. Alternatively, the sensing elernent may be made from a plurality of
discrete resistors. The discrete resisiors may be alternately connected n series
with a plurality of conducting sense plates, the sense plates providing for
fncreased capacitive coupling between the object and the resistive sensing
clement. This provides for a resistive sensing element which can be fabricated
from widely available off-the-shelf items. The disclosure of WO2005/019766 s
incorporated herein by reference as an example of the capacitance measurement
circuitry which may be used. Alternatively, a resistor-less scusing element
stmijar to that described in 154,264,903 may be used io form the capacitive

sensor of the invention.
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{3029] The resistive sensing element may have a substantially constant
resistance per unit length. This provides for a capacitive position sensor having a
stmple uniform response. Where greater positional resolution is required and/or
when employing a relatively long resistive sensing element, the resistive sensing
clement may inchide a plurality of terminals.

{B036] The obicct to be detected may be a pointer, for example a finger
or a stylus, which can be freely positioned by a user. Alternatively, the object
may be a wiper held in proximity to the resistive sensing element, the position of
the wiper along the resistive sensing clement being detected by the capacitive
position sensor. The position of the wiper may be adjusted by a user, for
examiple by turning a rotary knob, or may be coupled {o a shaft driven by
connected equipment such that the capacitive position sensor can act as an
encoder.

{8831 Further objects of some embodiments of the invention are fo
provide for a sensor having high reliability, a sealed surface, low power
consumption, simple design, ease of fabrication, and the ability to operate using
off-the-shelf logic or microcontrollers.

{00832 In US 6,466,036, the applicant teaches a capacitive field sensor
emploving a singie coupling plate to detect change in capacitance to ground.
This apparatus comprises a civcuit emaploying repetitive charge-then-transfer or
charge-plus-transfer eyeles using common integrated CMOS push-pull driver
circuitry. This technology forms the basis of some embodiments of the invention
and is incorporated by reference herein.

{80331 Some definitions are now made. 'Element’ refers to the physical
electrical sensing elemnent made of conductive substances. 'Electrode’ refers to
one of the galvanic connection points made to the element to connect it to
suitable driver/sensor electronics. The terms 'object’ and 'finger' are used
synonymously in reference to cither an inanimate object such as a wiper or
pomter or stylus, or alternatively a human finger or other appendage, any of
whose presence adjacent the ciement will create a localized capacitive coupling
from a region of the element back to a circuif reference via any circuifous path,
whether galvanically or non-galvanically. The term touch’ includes either
physical contact between an object and the element, or, proxamity in free space
between object and eleroent, or physical contact between object and a diclectric

10
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{(such as glass) existing between object and element, or, proximily in free space
including an intervening layer of diclectric existing between object and clement.
Heremafier the terms ‘cirele’ or 'circular’ refer to any ellipsoid, trapezoid, or other

closed loop of arbitrary size and cuthine shape having an open middle section.

BRIEF DESCRIPTION OF THE DRAWINGS

{6034] The invention will now be described by way of exampie only
with reference to the embodiments described and shown in the drawings.
{80351 Figure 1 shows a contrel pancl of an apparatus embodying a
rotary capacitive sensor, the sensor being used 1o a first mode of operation.
{6036] Figure 2a shows the capacitive sensor of Figure | being used by
in a second mode of operation, with the user scrolling around the sensor in an
anti-clockwise direction.

{30371 Figure 2b shows the capacitive sensor of Figure | being used ina
second mode of operation, with the user scrolling around the sensor in a
clockwise direction.

{68038 Figure 3 shows a control panel of an apparatus according to
another embodiment, in which a rotary capacitive sensor 1 being used in a {irst
mode of operation,

{B6039] Figure 4 shows the capacitive sensor of Figure 3 being used ina
second mode of operation.

{3040] Figure 5A shows a Hghting controller according to a further
embodiment and incorporating a control panel with a rotary capacitive sensor
according to the mvention.

{60431 Figure 58 shows a color hight unit controllabe by the highting

controller of Figure SA.

DETAILED DESCRIPTION OF THE INVENTION

{30421 Figure | illustrates part of a control panel 50 having a capacitive
sensor 60 and a digital readout display 70. The conirol panel 50 may be
incorporated nto an electronic apphiance such as a cooking oven, moicrowave
oven, washing machine, fridge freezer, television, MP3 player, mobile telephone
or the like. The parameter or function to be controlled by the capacitive sensor
will depend on the type of electrical appliance in which the capacitive sensor is
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incorporated. Parameters like vohume, lemperature, operating program,
brightness, conirast are some examples of functions that may be controlled by
the capacitive sensor of the invention. In a preferred embodiment of the
mvention, the parameter to be controlled may be chosen from a pre-determined
list of parameters so that a user may advantageously adjust different parameters
on an clecirical appliance or apparatus. The capacitive sensor 60 shown in
Figure 1 is set to control cooking teraperature of a microwave or cooking oven.
{B3043] The capacitive sensor 60 comprises a rotary sensing element 100
for detecting capacitive coupling with an abject, typically an operator's finger. A
Liguid Crystal Display 75 (or other known display} 18 formed in the control
panel 50 to iHuminate the temperature scale around the sensing element. The
temperature scale ranges from 0 to 300 degrees Centigrade. The capacitive
sznsor 60 is shown i a first mode of operation in which a user's finger is used to
select a cooking temperature. A user's finger 80 18 shown m proximity with &
portion of the sensing element 100 corresponding to a temperature of 175
degrees Centigrade (°C) which is displayed on the digital readout display 70.

The selected temperature of 175°C may be the desired temperature required by
the user, but in most cases the temperature selected in the fivst mode of operation
will indicate a temperature near to the actual teroperature required by the user. A
user may re-touch the sensing element 1006 of the sensor to reactivate the first
mode of operation and select a different temperatore. The resolution of the
sensor may determine how close the temperatare selected in the first mode is to
the desired temperature sought by the user.

{60441 Turning now to Figures 2A and 2B, the capacitive seusor 60 s
shown 1 a second mode of operation. The capacitive sensor automatically enters
the second mode of operation after a teraperatore has been selected in the first
mmode of operation. o the second mode, a user is able to fncrcase or decrease the
teroperature selected in the first mode by a pre-determined increment. Changing
the temperature by a given increment depends on a user displacing thetr finger in
proximity with the sensing clement 100 by a pre-determined threshold angle.
The embodiment shown 1o Figures 2A and 2B requires a 20° rotation (i.¢.
threshold angle is 20°) to effect a temperature change of + 1°C.

{6045] As shown in Figare 2A, a user has displaced their finger in
proximity with the sensing elemnent 160 in an anti-clockwise direction to

12



WO 2010/075463 PCT/US2009/069322

decrease the temperature of 175°C selected in the first mode. The user has
moved his finger by 40° (i.e. 2x the threshold angle) from the first point of touch
in the first mode of operation, fo cause a feroperature decrease by 2°C to 173°C
{shown by arrow ). As shown in Figure 2B, the user has moved his finger by
40° in a clockwise direction from the first point of touch in the first mode of
operation, o cause a temperature increase by 2°C to 177°C (arrow D).
Advantageously, the capacifive sensor in the second mode of operation allows 2
user to accurately select a destred temperature. The resolution of the capacitive
sensor in the second mode of operation is typically finer than that in the first
mode of operation. The threshold angle may be re-settable and is typically
determined by a program stored in a microcontroller.
{6046] In the second mode of operation as iflustrated in Figures 2A and
2B, a +and - indicator display 92 is presentt above the capacitive sensor 66 to
ndicate to the user that the temperature can be increased or decrcased by |
unit(s). The digital display 70 shows the temperature as it is changed by the user.
The LCD 75 showing the teraperature scale in the first mode is no longer
highlighted during the second mode of operation.
{60471 Figure 3 illustrates a votary sensing element 20 of a capacifive
position sensor 10 embodying the invention. The capacitive sensor 10 is
fncorporated nto a control panel of a cooking oven. The capacitive sensor 10
shown in Figure 1 is used to select a desired cooking temperature, although the
sensor could be used for selecting any particular parameter vahie based on the
electrical appliance in use. The sensor of Figure 1 is shown in a first mode of
operation. A user's finger 30 approaches the rotary sensing clement 20 and is
capacitively coupled to the sensing element in the region between 150 to 206°C.
A temperature of 175°C is shown in the digital display 70. The first mode of
operation of the sensor allows the user to select an approximate cooking
teroperature. The rotary sensing element 20 may have a diameter of about 2
inches which, prior to the mmvention, may make it difficalt for a user to
accurately select a certain temperature.
{80481 The capacitive sensor 10 avtomatically enters a second mode of
operation after a temperature has been selected in the first mode, as llustrated 1o
Figure 4. As shown in Figure 4, the temperature scale around the sensing
clement 20 has been modified or reset to expand the temperature range in the
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capacitively coupled region determined from the first mode of operation. The
user may now select a desived temperature for cooking by scrolling his finger
clockwise or anticlockwise around the sensing element until the desired
temperature is reached, in this case 180°C as shown on the digital display 70
The temperature scale illustrated in Figure 4 is only an example of how the
capacitive sensor may be programined to zoom in on & pre-determined
teroperature range. In the second mode of operation, the number of degrees of
rotation required to effect a temperatire change by a certain mcrement may be
adjusted. The temperature selected may be displayed on an analoguc or digital
readout display formed within the control panel, such as on digital display 70.
{60491 Figure SA shows 4 hand-held lighting controller 85 according o a
further embodiment. Figure 5B shows a color hight fitting 90 controllable by the
highting controlier. The light 1s an LED light incorporating red, green and blue
LEDs 92. In the illustrated umit, there are two red LEDS, one green and one blue
to provide equal maximum brightness of each color. The lighting controller 85 is
a hand-held unit with conventional built-in infrared or radio frequency
trapsmitier for wireless commumication with the Hght 90.

{60501 The controller 85 incorporates a flat control panel that
accommodates a mumber of capacitive sensors, A circular "wheel” rotary
capacitive sensor 20 is provided, which 15 preferably recessed in the housing to
provide Tocation for a user's finger 30. A pair of capacitive button sensors §6 are
located centrally within the wheel. In addition, two further pairs of button
sensors 82 and 84 are provided cutside the rotary capacitive sensor. Button pair
82 function as on/off switches for the hight. Button pair 84 control brightness of
the tight. Button pair 86 located inside the wheel control color saturation. The
button pairs 84 and 86 arc used to adjust the parameters of brighiness and
saturation over a linear range, with adjustment taking place within the allowed
range according to the duration of a touch on either button of the pair.
Specifically, the upper button of button pair 84 1s used to increase brightness and
the lower buiton to decrease brightness. Further, the upper button of button pair
86 1s used to adjust saturation towards pure color and the lower button towards
white. The wheel is marked to show the color wheel or color circle as indicated

by the text labeling.
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{B305%] The light 90 is controlled initially 1 a first mode of operation to
praduce the color hue of hight as defined by the position of a sensed touch on the
sensor 20. For example, blue-green as tillustrated when a touch of the wheel is
sensed at approximately 9 o'clock, purple at § o'clock etc. This is achieved in the
light unit 90 by appropriate driving of the LEDs as is well known in the art.
Once a touch 18 sensed and the inftial color hue set, the capacitive sensor 20
automatically enters a second mode of operation, in which further shding motion
of the user's finger 30 around the sensor wheel provides fine adjostment of color
hue according to the color circle. In this way, a user can conveniently produce
Hght of any desire hue or saturation Jevel as desired in an intuitive manner. fo
alternative configurations of this embodiment, the wheel can be assigned other
color parameters, such as color hue, color saturation, or color temperature, In
respect of color teraperature, it is noted that LED light asserablies are known in
the art in which the color temperature is adjustable, e.g. to vary Hght ambicunce.
Moreover, it will be understood that control of color is not only useful for
lighting asserblies, bul may also be used in other devices, such as display
screens.

{80521 Although the present invention has been described with respect to
preferred embodiments, many modifications and alterations can be made without
departing from the invention. Accordingly, it is intended that all such
modifications and alterations be considered as within the spirit and scope of' the

invention.
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CLAIMS
What is claimed is:
1. A capacitive position sensor for seiting a parameter or function to a
desired value in a range of parameter or function values by determuning the
position of an object on a capacitive position sensor, the capacitive position
SCNSOT COMmprising:

a sensing element coraprising a sensing path;

at least one terminal connected to the sensing element;

at least one sensing channel connected to the at least one terminal in
which the sensing channel 18 operable to generate a signal indicative of
capacitance between the terminal and a system ground;

means to delermine a position of an object on the sensing element;

means to further refine the position of the object corresponding to a value
in the range of parareter or function values; and

a processor operable o mterpret and process the signal to determine the
approximate position of an object on the sensing path, the processor being
condigured to provide a first mode of the capacitive position sensor in which the
range of parameter or fumction values is mapped onto the sensing path and in
which the parameter or function can be set to approximately the desired value by
a touch of the sensing path at a first point, and a second mode in which
displacement of an object on the sensing clement adjusts the parameter or
function from the value mitially set in the first mode, wherein the processor is
condigured to swiich from the first mode to the second mode responsive to

capacitive coupling caused by moving displacement of an object along the

(2]

ensing path i relation to the first point of touch, and wherein the parameter or

function being controlied by the capacitive position sensor is an aspect of color.

2. The sensor of ¢laim 1, wherein the aspect of color is selected from the

group: color hue, color saturation, and color temperature.

3. The sensor of claima 1, wherein the sensing path is formed as a closed

foop.
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4. The sensor of claim 1, wherein the processor requires said moving
displacement to excoed a minimuin threshold value in order to initiate a change

i mode of the sensor from the first mode to the second mode.

3. The sensor of claim 1, wherein, in the second mode, the processor effecis
an incrernental change in the parameter or function value when it is sensed that
the object has moved along the sensing path by a pre-determined threshold

displacement.

6. The sensor of claim 1, wherein, in the second mode, the processor
changes the parameter or function value by a number of units based on the
number of times the object displacement along the sensing path is sensed to have

exceeded the pre-deternined threshold displacement.

7. The sensor of claim I, wherein, in the second mode, the processor maps a
narrower sub-range of the range of parameter or function vahies onto the sensing

path around the value of the parameter or function mitially set in the fivst mode.

8. The sensor of claim 1, wherein the processor is further configured such
that if a release of touch from the sensing clement in the second mode followed
by a subsequent re-touching of the sensing element is sensed, then the first mode

18 activated.

9. The sensor of ¢laim 1, wherein the parameter or function being
controlled by the capacitive position sensor is selected from the group:

temperature, vohime, contrast, brightness, and frequency.

1. The sensor of claim |, wherein the processor 1s configured to allow the
parameter or function to be controlled to be selected prior to use of the

capacitive position sensor,

11, A conirol panel of an electronic applance incorporating a capacitive

1
i

position sensor according to claim

ot
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12, An electronic appliance having a control panel incorporating a capacitive

position sensor according to claim i,

13. The electronic apphance of claim 12 selected from the group: a cooking
oven, microwave oven, television, washing machine, MP3 player, mobile phone,

and multimedia device.

4. A method for setting a parameter or function to a desired value in a range
of paramcter or function values by determining the position of an objecton a
capacitive position sensor, the capacitive position sensor comprising: a seusing
clement comprising a sensing path; at least one terminal connected to the sensing
clement; at least one sensing channel connected to the at least one terminal in
which the sensing channel 18 operable to generate a signal indicative of
capacitance between the terminal and a system ground; means to determine a
position of an obiject on the sensing element; and means to further refine the
position of the object corresponding to a value in the range of parameter or
function values, the method comprising:

mn a {irst mode of the capacitive position sensor in which the range of
parameter or function values is mapped onto the sensing path bringing an object
foto proximity with the sensing clement at a first point so as fo determine a
position of the object and thereby nitially set the parameter or function to
approximately the desired value;

initiating a change in mode of the sensor from the first mode to a second
mode responsive to capacitive coupling caused by moving displacement of the
object along the sensing path in relation to the first point of touch of the object
on the sensing element;

n the second mode displacing the object on the sensing element to adjust
the parameter or function from the value initially set to the desired value; and

processing the signal to determine the selected parameter or {unction
value,

wherein the parameter or function being controlled by the capacitive

position sensor is an aspect of color.
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15, The method of claim 14, wherein the aspect of color 1s selected from the

group: color hue, color saturation, and color temperature,

16, The method of claim 14, wherein the sensing path is formed as a closed

loop.

17, The method of claim 14, wherem said moving displacement 1s required
to exceed a minimum threshold value in order to initiate a change in mode of the

sensor from the first mode 1o the second mode.

1R, The method of claim 14, wherein, m the second mode, an meremental

change in the parameter or function valoe is effected by the obiject moving along

the sensing path by a pre-determined threshold displacement.

19. The method of claim 14, wherein, in the second mode, the parameter or
function value is changed by a number of units based on the number of times the
obiect displacement along the seusing path exceeds the pre-determined threshold

displacement.

20, The method of claim 14, wherein, in the second mode, a narrower
subrange of the range of parameter or {unction values 1s mapped onto the
sensing path around the value of the parameter or function initially set in the first

mode.

21, The method of claim 14, wherein releasing touch from the sensing
clement in the second mode and then re-touching the sensing clement causes the

first mode to be activated again.

22, The method of claim 14, wherein the parameter or function being
controlled by the capacitive position sensor is selected from the group:

temperature, volume, contrast, brightness, and frequency.

23.  The method of claim 14, wherein the parameter or fimetion to be
controllied s selectable prior to use of the capacitive posifion sensor.
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