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METHOD AND APPARATUS FOR 
DISCRIMINATING BETWEENUSER 

INTERACTIONS 

RELATED APPLICATION 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 60/880,983, filed Jan. 17, 2007. 

TECHNICAL FIELD 

0002 The present invention relates generally to a user 
interface (UI) device and, more particularly, to a touch-sensor 
device. 

BACKGROUND 

0003 Computing devices, such as notebook computers, 
personal data assistants (PDAs), kiosks, and mobile handsets, 
have user interface devices, which are also known as human 
interface devices (HID). One user interface device that has 
become more common is a touch-sensorpad (also commonly 
referred to as a touchpad). A basic notebook computer touch 
sensorpad emulates the function of a personal computer (PC) 
mouse. A touch-sensor pad is typically embedded into a PC 
notebook for built-in portability. A touch-sensor pad repli 
cates mouse X/y movement by using two defined axes which 
containa collection of sensorelements that detect the position 
of a conductive object, such as a finger. Mouse right/left 
button clicks can be replicated by two mechanical buttons, 
located in the vicinity of the touchpad, or by tapping com 
mands on the touch-sensor pad itself. The touch-sensor pad 
provides a user interface device for performing Such func 
tions as positioning a pointer, or selecting an item on a dis 
play. These touch-sensor pads may include multi-dimen 
sional sensor arrays for detecting movement in multiple axes. 
The sensor array may includea one-dimensional sensor array, 
detecting movement in one axis. The sensor array may also be 
two dimensional, detecting movements in two axes. 
0004 One type of touchpad operates by way of capaci 
tance sensing utilizing capacitive sensors. The capacitance 
detected by a capacitive sensor changes as a function of the 
proximity of a conductive object to the sensor. The conductive 
object can be, for example, a conductive stylus or a user's 
finger. In a touch-sensor device, a change in capacitance 
detected by each sensor in the X and Y dimensions of the 
sensor array due to the proximity or movement of a conduc 
tive object can be measured by a variety of methods. Regard 
less of the method, usually an electrical signal representative 
of the capacitance detected by each capacitive sensor is pro 
cessed by a processing device, which in turn produces elec 
trical or optical signals representative of the position of the 
conductive object in relation to the touch-sensor pad in the X 
and Y dimensions. A touch-sensor Strip, slider, or button 
operates on the same capacitance-sensing principle. 
0005. Another user interface device that has become more 
common is a touch screen. Touch screens, also known as 
touch screens, touch panels, or touch screen panels are dis 
play overlays which are typically either pressure-sensitive 
(resistive), electrically-sensitive (capacitive), acoustically 
sensitive (SAW surface acoustic wave) or photo-sensitive 
(infra-red). The effect of such overlays allows a display to be 
used as an input device, removing the keyboard and/or the 
mouse as the primary input device for interacting with the 
display's content. Such displays can be attached to computers 
or, as terminals, to networks. There are a number of types of 
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touch screen technologies, such as optical imaging, resistive, 
Surface acoustical wave, capacitive, infrared, dispersive sig 
nal, piezoelectric, and strain gauge technologies. Touch 
screens have become familiar in retail settings, on point of 
sale systems, on automated teller machines (ATMs), on 
mobile handsets, on kiosks, on game consoles, on PDAs 
where a stylus is sometimes used to manipulate the graphical 
user interface (GUI) and to enter data, and in automobile 
liquid crystal displays (LCDs). 
0006 Conventional user interface devices, however, do 
not have the ability to limit an operator in a certain location 
from interacting with a user interface of the device. Also, 
conventional user interface devices do not have the ability to 
provide one type of interaction with a user in one location, and 
a different interaction for another user in a different location, 
for example, a user in a driver seat and a passenger in a 
passenger seat in a car. These conventional devices are not 
configured to determine who has pressed a button (e.g., on a 
capacitive sensor or touch screen) in order to, for example, 
prevent the driver from accessing navigation functions while 
the car is in motion, but allow the passenger to operate those 
same controls. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007. The present invention is illustrated by way of 
example, and not by way of limitation, in the figures of the 
accompanying drawings. 
0008 FIG. 1 illustrates a car entertainment and navigation 
system in accordance with one embodiment of the present 
invention. 
0009 FIG. 2A illustrates a plan view of a car interior 
including components associated with one embodiment of 
the apparatus of the present invention. 
0010 FIG. 2B illustrates a plan view of a car interior 
including components associated with one embodiment of 
the apparatus of the present invention. 
0011 FIG. 3A conceptually illustrates a principle of 
operation of a user location discriminating method and appa 
ratus in accordance with one embodiment of the present 
invention. 
0012 FIG. 3B conceptually illustrates a principle of 
operation of a user location discriminating method and appa 
ratus in accordance with another embodiment of the present 
invention. 
0013 FIG. 3C conceptually illustrates a principle of 
operation of a user location discriminating method and appa 
ratus in accordance with another embodiment of the present 
invention. 
0014 FIG. 4 illustrates a drive circuit in accordance with 
one embodiment of the present invention. 
0015 FIG. 5 illustrates a user location discriminating 
apparatus having a capacitance sensor and a user detector 
circuit in accordance with one embodiment of the present 
invention. 
0016 FIG. 6 illustrates a block diagram of one embodi 
ment of an electronic system having a processing device for 
detecting a presence of a conductive object and for discrimi 
nating between a first signal indicative of interaction at a first 
location and a second signal indicative of interaction at a 
second location. 
0017 FIG. 7A illustrates a varying capacitance sensor 
element. 
0018 FIG. 7B illustrates one embodiment of a sensing 
device coupled to a processing device. 
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0019 FIG. 8 illustrates a capacitance sensor of the user 
location discriminating apparatus of FIG. 5 in accordance 
with one embodiment of the present invention. 
0020 FIG.9A illustrates a graph of a sensitivity of a single 
touch-sensor button. 
0021 FIG. 9B illustrates a graph of sensitivity of one 
embodiment of single touch-sensor button activated by two 
users in two locations. 

0022 FIG. 10 illustrates one embodiment of a selection 
circuit coupled to an analog bus for measuring capacitance on 
the sensor elements. 

0023 FIG. 11 illustrates a flow chart of one embodiment 
of a method for discriminating between a first signal indica 
tive of interaction at a first location and a second signal 
indicative of interaction at a second location. 

DETAILED DESCRIPTION 

0024. Described herein are apparatuses and methods for 
discriminating between a first signal from a user interface 
indicative of interaction at a first location and a second signal 
indicative of interaction at a second location. The following 
description sets forth numerous specific details such as 
examples of specific systems, components, methods, and so 
forth, in order to provide a good understanding of several 
embodiments of the present invention. It will be apparent to 
one skilled in the art, however, that at least some embodi 
ments of the present invention may be practiced without these 
specific details. In other instances, well-known components 
or methods are not described in detail or are presented in 
simple block diagram format in order to avoid unnecessarily 
obscuring the present invention. Thus, the specific details set 
forth are merely exemplary. Particular implementations may 
vary from these exemplary details and still be contemplated to 
be within the spirit and scope of the present invention. 
0025. A method and an apparatus for detecting which of 
multiple operators, or the same operator at multiple locations, 
has activated a user interface are described. In an exemplary 
embodiment, the user location discriminating method and 
apparatus may be utilized with a button (e.g., capacitive sens 
ing or touch screen) on a display within a vehicle (e.g. an 
automobile) to prohibit the driver, for example, from entering 
a destination address in a navigation system while the car is in 
motion, but allow a passenger to enter such information with 
out requiring a physically separate set of controls accessible 
only to the passenger. In another exemplary embodiment, an 
automobile display system may include an LCD display with 
two different images displayed at two different viewing 
angles (e.g., to display a navigation system to the driver and a 
movie to the passenger). Touch screen (or other technology) 
controls are made to be user sensitive, so that a passenger gets, 
for example, pause, fast forward, etc while the driver gets 
navigation controls, all on the same screen and even, in one 
embodiment, with touch screen buttons in the same place on 
the screen. 

0026. In one embodiment, the user discriminating method 
includes generating and applying a signal having a frequency 
onto the body of each user (e.g., driver, passenger, etc.) and 
detecting that frequency when the user touches the control 
(touch screen, capacitive sense button, etc). The user dis 
criminating apparatus may also include a drive circuit for 
generating and applying an electrical signal onto the users' 
bodies. For example, a conductor or loop is provided in each 

Sep. 10, 2009 

seat, or each seatbelt, or floor mat, etc. that is coupled to the 
drive circuit in order to apply the electrical signal onto the 
bodies of the users. 
0027) Although the user discriminating method and appa 
ratus is discussed herein in relation to automobile systems, 
the user discriminating method and apparatus may be used 
with other devices in other types of applications. For 
example, the users could be standing on a mat and interacting 
with a UI in order to gain entry through a secured door. 
Embodiments of the present invention are applicable to any 
situation where multiple users are accessing a UI, and have 
some defined position relative to the UI and a different fre 
quency can be generated and applied to each users body 
depending on their location. It should be noted that the user 
discriminating method and apparatus may also be used with 
other, non-capacitive sensing, types of buttons and Switches. 
0028 FIG. 1 illustrates a car entertainment and navigation 
system in accordance with one embodiment of the present 
invention. In one embodiment, the car entertainment & navi 
gation system 100 may include a dashboard area 110 having 
a user interface 120 (e.g., touch screen display, touch-sensor 
buttons, touch-sensor slider, touch-sensor pad, or the like). 
The user interface 120 is coupled to a processing device 190. 
described in more detail below. In one embodiment, as illus 
trated in FIG. 2A, the user interface 120 includes a display 
220 disposed in the dashboard area 110, as well as multiple 
touch-sensor buttons 210. Alternatively, the user interface 
120 may include other combinations of similar or dissimilar 
types of user interfaces. The display screen 220 (e.g., display 
screen or touch screen) may be used to display some or all of 
entertainment functions (e.g., radio channel, RDS informa 
tion, CD name, track number, track name, etc. etc), navigation 
functions (e.g., map, destination address, current location, 
estimated time of arrival, etc), communications functions 
(e.g., mobile phone dialing) and general car functions (e.g., 
number of miles to next service, estimated range with current 
amount of fuel, etc). 
0029. The car entertainment & navigation system 100 may 
also include a console area 130 having other user interfaces, 
such as capacitive sense sliders, non-capacitive sensing but 
tons (e.g., mechanical buttons, photo-sensitive buttons, etc.) 
and other types of controls, as shown in FIG. 1. In one 
embodiment, as illustrated in more detail in FIG. 2B, the 
console area 130 includes a user interface 220 that includes a 
touch-sensor slider 240, also known as a capacitive sense 
slider, and multiple non-capacitive sensing buttons 230. 
which may be, for example, mechanical buttons, photo-sen 
sitive buttons, or the like. Alternatively, the user interface 220 
may include other combinations of similar or dissimilar types 
of user interfaces, such as capacitive sense buttons, sliders, 
touch pads, touch screens, or the like. In one embodiment, the 
touch-sensorslider 240 is a selection control of an automobile 
control system. The touch-sensor slider 240 may be used in 
automotive vehicles, such as on the dashboard area 110, or 
console area 130, and may include a manually-operated dial 
and display for use in connection with on-board engine con 
trols, stability controls, braking controls, energy controls, 
audio features, display features, lighting features, and com 
fort-control features. Alternatively, the touch-sensor slider 
240 is another type of control user interface to perform other 
types of operations. 
0030) Different interaction between the user interface 
(e.g., the user interface 120 or 220) and multiple users may be 
required. In particular, the response to at least one type of 
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interaction with the interface (e.g., capacitive sense button, 
touchscreen button, mechanical button, etc.) is required to be 
different depending on which of two or more operators (or 
two of more locations of the same operator) originates the 
interaction. For example, when the car is moving, the driver 
may be locked out from accessing some or all navigation 
functions such as entering a new destination address while the 
car is in motion. 

0031. In one embodiment, a first user (e.g., driver) is 
located in a driver seat 140, and a second user (e.g., passen 
ger) is located in a passenger seat 150. The first user interacts 
with the user interface 120 at the first location, and the second 
user interacts with the user interface 120 at the second loca 
tion. The processing device 190 is configured to discriminate 
between interaction at the first location and interaction at the 
second location, for example, to distinguish between the first 
and second users at the first and second locations, respec 
tively. In one embodiment, the processing device includes a 
detecting circuit that is configured to receive a first signal and 
a second signal from the user interface indicative of interac 
tion at the first location and at the second location, respec 
tively. The detecting circuit may also be configured to distin 
guish between the first signal and the second signal. In 
another embodiment, the detecting circuit is configured to 
receive additional inputs from other systems, such as inputs 
from the speedometer of the car, or the like. For example, the 
detecting circuit when receiving the first signal from the first 
user, based on a type of operation, the detecting circuit can 
check the speed from the speedometer input to determine that 
the car is in motion to reject or allow the type of operation. 
0032. In one embodiment, the driver seat 140 includes a 

first drive circuit 170 that is configured to generate the first 
signal indicative of interaction at the first location. The first 
drive circuit 170 is coupled to a coil 160(1) that is disposed in 
the driver seat 140. Similarly, the passenger seat 150 includes 
a second drive circuit 180 that is configured to generate the 
second signal indicative of interaction at the second location. 
The second drive circuit 180 is coupled to a coil 160(2) that is 
disposed in the passenger seat 150. The first drive circuit 170 
is configured to apply the first signal to a body of the first user 
at the first location (e.g., driver seat) through, for example, the 
coil 160(1) installed in the driver seat 140. The processing 
device 190 is configured to receive the first signal through the 
body of the first user when the first user interacts with the user 
interface 120 at the first location. Similarly, the second drive 
circuit 180 is configured to apply the second signal to a body 
of the second user at the second location (e.g., passenger seat) 
through, for example, the coil 160(2) installed in the passen 
ger seat 150. Alternatively, the second drive circuit 180 is 
configured to apply the second signal to the body of the first 
user at the second location (e.g., passenger seat). The pro 
cessing device 190 is configured to receive the second signal 
through the body of the second user when the second user 
interacts with the user interface 120 at the second location. As 
described above, the processing device 190 is configured to 
discriminate between the first signal and the second signal to 
determine which user is interacting with the user interface 
120. 

0033. In another embodiment, the first drive circuit 170 is 
disposed in one of the two locations, and generates the first 
and second signals indicative of interactions at the first and 
second locations, respectively. The processing device 190 is 
configured to receive the first and second signals through the 
bodies of the first and second users when the first and second 
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users interact with the user interface 120 at the first and 
second locations, respectively. Alternatively, more than two 
drive circuits may be used for additional locations. 
0034. In another embodiment, the user interface 130 is 
coupled to the processing device 190. Similar to the embodi 
ments described above, the processing device 190 may be 
configured to discriminate between multiple signals received 
from one or more users at multiple locations. For example, the 
processing device 190 is configured to receive a first signal 
and a second signal indicative of interaction at a first location 
(e.g., driver seat 140) and at a second location (e.g., passenger 
seat 150), respectively, and to discriminate between the first 
and second signals corresponding to the first and second 
locations, respectively. 
0035 FIG. 3A conceptually illustrates a principle of 
operation of a user location discriminating method and appa 
ratus in accordance with one embodiment of the present 
invention. Environment 300 is representative of a car envi 
ronment, in which a first user 360 sits on the driver seat 140. 
The first drive circuit 170 is installed in, or surrounding the 
driver seat 140. The first drive circuit 170 is coupled to the coil 
160(1), whish is installed in the driver seat 140. In one 
embodiment, the coil is a loop of conductive material that is 
disposed in the seat of the driver seat 140. The first drive 
circuit 170 generates a first signal, using, for example, an 
oscillator having a first frequency (e.g., 250 Hz), and applies 
the first signal to the body 360 of the first user by way of the 
coil 160(1) in the driver seat 140. Similarly, a second drive 
circuit 180 may be installed in the passenger seat 150, and 
coupled to another coil 160(2) installed in the passenger seat 
150 (not illustrated). The second drive circuit 180 generates a 
second signal, using, for example, an oscillator having a 
second frequency (e.g., 350 HZ), and applies the second sig 
nal to the body of the second user by way of the coil 160(2) in 
the passenger seat 150. When the first user interacts with the 
user interface 120, the first signal generated by the first drive 
circuit 170 is received at the processing device 190 through 
the user interface 120. As such, the first signal is indicative of 
interaction with the user interface 120 at the first location. 
Similarly, when the second user interacts with the user inter 
face 120, the second signal generated by the second drive 
circuit 180 is received at the processing device 190 through 
the user interface 120; and, as such, the second signal is 
indicative of interaction with the user interface 120 at the 
second location. As described above, the processing device 
190 is configured to discriminate between the first and second 
signals, and, as Such, may be configured to discriminate 
between interactions from multiple users. 
0036 Alternatively, the first and second drive circuits 170 
and 180 and the coils 160(1) and 160(2) are disposed in other 
locations in the car. For example, the coil 160(1) may be 
disposed in a car mat, or in another piece of equipment that 
contacts the user, Such as, for example, a seatbelt. It should be 
noted that the coils, as described herein do not need to be in 
contact with the user, but alternatively, may be in close proX 
imity to the user to induce a voltage onto the body of the user. 
0037 Although the embodiments described above are 
implemented in a car, alternatively, the embodiments 
described herein may be used in other environments in which 
multiple users interact with the same interface to discriminate 
between the multiple users, such as in other types of vehicles, 
terminals, kiosks, or the like. 
0038 FIG. 3B conceptually illustrates a principle of 
operation of a user location discriminating method and appa 
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ratus in accordance with another embodiment of the present 
invention. The user location discriminating method and appa 
ratus in FIG. 3B is implemented in environment 350, for 
example, at a terminal used to gain entry through a secured 
door, in which the first user is standing on the floor 340. The 
coil 160(1) and the first drive circuit 170 are installed in the 
floor 340. When the user stands in the first location, the body 
360 of the first user makes contact with the coil 160(1). The 
first drive circuit 170 generates the first signal and applies the 
first signal through the body 360 of the first user. At a second 
location of the environment 350, the second drive circuit 180 
may be installed to generate the second signal and to be 
applied to the body of another user by way of a second coil 
160(2) (not illustrated). The user interface 310, which may 
be, for example, a touch screen, is installed in a display case 
320 and is coupled to the processing device 190. In other 
embodiments, the user interface 310 may be other types of 
user interfaces and may be installed in other structures, such 
as a wall, a floor, a stand, a kiosk, or the like. As described 
above, with respect to FIG. 3A, the processing device 190 
receives signals corresponding to the locations of the users 
and discriminates between the received signals to determine 
which user is interacting with the user interface. For example, 
when the first user makes contact with the user interface 310, 
the processing device 190 receives the first signal through the 
body 360 of the first user and through the user interface 310. 
That is, the first signal generated by the first drive circuit 170 
is propagated through the body 360 to the user interface 310 
when the first user interacts with the user interface 310. 

0039. As described above, other drive circuits may be 
installed in other locations with respect to the display case 
320, as illustrated in FIG. 3C, which illustrates a top view of 
the environment 350 of FIG.3B. In this embodiment, the first 
user is disposed in a first location relative to the display case 
320, and the second user is disposed in a second location 
relative to the display case 320. As described above with 
respect to FIG.3B, the processing device 190 receives the first 
signal through the body 360 of the first user when the first user 
interacts with the user interface 310. The processing device 
190 also receives the second signal through the body 390 of 
the second user when the second user interacts with the user 
interface 310. The processing device 190 is configured to 
discriminate between the first and second signals received 
through the user interface 310 by the first and second users. 
Additional locations and signals may also be used to discrimi 
nate between user locations, as well as to discriminate 
between users. 

0040 FIG. 4 illustrates a signal generator circuit 400 in 
accordance with one embodiment of the present invention. 
The signal generator 400 includes an oscillator 430 coupled 
to an amplifier 440, which is coupled to a coil 420. The 
oscillator 430 and amplifier 440 may be part of a drive circuit 
410. In another embodiment, the drive circuit 410 includes an 
oscillator 430, but not an amplifier 440. Alternatively, the 
signal generator circuit 400 may include other types of cir 
cuits used to generate one or more signals having similar or 
dissimilar frequencies. 
0041. In one embodiment, the drive circuit 410 is disposed 
at a first location and the coil 420 is disposed in another 
location. In another embodiment, the drive circuit 410 and the 
coil 420 are disposed in the same location or in close proX 
imity to one another. For example, in one embodiment, the 
drive circuit 410 is disposed below a seat of a car, and the coil 
160(1) is disposed in the seat to make contact with the user. 
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0042. In one embodiment, the signal generator circuit 400 
generates a first signal with a first frequency, and applies the 
first signal to a first user at a first location through the coil 420. 
In another embodiment, the signal generator circuit 400 gen 
erates both a first signal with a first frequency and a second 
signal with a second frequency, and applies the first signal to 
the first user at the first location through a first coil and the 
second signal to a second user at a second location through a 
second coil. 

0043. In another embodiment, the signal generator circuit 
400 generates a carrier signal having a carrier frequency at the 
first and second locations. The signal generator circuit 400 
modulates onto the carrier signal, at the first location, a first 
signal with a first frequency corresponding to the first loca 
tion, and modulates onto the carrier signal, at the second 
location, a second signal with a second frequency corre 
sponding to the second location. The processing device, 
which receives the carrier signal, demodulates the carrier 
signal to detect either the first frequency or the second fre 
quency to discriminate between the first and second signals. 
0044 FIG. 5 illustrates a user location discriminating 
apparatus 500 having a capacitance sensor 550 and a user 
detector circuit 560 in accordance with one embodiment of 
the present invention. The user location discriminating appa 
ratus 500 is coupled to a user interface 510 having multiple 
capacitive sensing elements 520. The user location discrimi 
nating apparatus 500 is also coupled to a display 580. The user 
interface 510 may be, for example, a touch panel having one 
or more touch-sensor buttons, a touchpad, a touch-sensor 
slider, a touch screen, or the like. 
0045. The discriminating apparatus 500 includes a selec 
tion circuit 540, a detecting circuit 555, and a UI controller 
570. The selection circuit 540 is coupled to the capacitive 
sensing elements 520 by an analog bus 541 and to the detect 
ing circuit 555. In one embodiment, the selection circuit 540 
is a multiplexer. Alternatively, other types of selection circuits 
may be used. The detecting circuit 555 is configured to 
receive through the selection circuit 540 multiple signals 
indicative of user interaction at multiple locations. In another 
embodiment, the detecting circuit is configured to receive 
additional inputs 561 from other systems, such as inputs from 
the speedometer of the car, general car functions, or the like. 
Alternatively, the additional inputs 562 (e.g., general car 
functions) may be received by the UI controller 570. The 
detecting circuit 555 includes a capacitance sensor 550, 
which is configured to receive a signal representative of the 
interaction with the user interface 510 at a first location or at 
a second location. The signal is representative of the capaci 
tance measured on the user interface 510. The capacitance 
sensor 550 is configured to detect, for example, a presence of 
a conductive object on the user interface 510, as well as other 
interactions on the user interface 510. 

0046. The detecting circuit 555 includes a user detector 
circuit 560, which is configured to receive multiple signals 
through the user interface 510 and to discriminate between 
the multiple signals corresponding to user interaction at mul 
tiple locations. In one embodiment, the user detector circuit 
560 is a frequency detector circuit. The frequency detector 
circuit may include a phase looked loop (PLL) circuit, a tone 
detector, or the like, to detect a frequency of the received 
signal. The frequency detector circuit is configured to receive 
the multiple signals corresponding to multiple locations and 
discriminate between multiple frequencies of the received 
signals. In another embodiment, the frequency detector cir 
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cuit comprises a demodulator that is configured to demodu 
late a carrier frequency to detect a modulated frequency on 
the carrier frequency. The modulate frequency corresponds to 
a specific location of the user interaction. The frequency 
detector circuit uses the modulated frequency to discriminate 
between the received signals to determine from which loca 
tion the user interaction is performed. It should be noted that 
the detector circuit 500 may include more or less components 
as described above, to detect a signal and to discriminate the 
signal from other signals received through the user interface, 
Such as an amplifier to condition the received signals for the 
PLL or tone detector. 

0047. The detecting circuit 555 is used to detect the fre 
quency of a signal that is received through the user interface 
510 when the user touches the controls (e.g., touch screen, 
capacitive sense buttons, etc) of the user interface 510. In 
another embodiment, the detecting circuit 555 includes only 
the capacitance sensor 550. In addition to detecting interac 
tion on the user interface 510, such as detecting a presence of 
a conductive object, the capacitance sensor 550 is configured 
to receive multiple signals and to discriminate between the 
received signals. For example, the capacitance sensor 550 is 
configured to receive a first signal and a second signal corre 
sponding to the first location and the second location, respec 
tively. In this embodiment, the first signal is representative of 
a first capacitance of a first user at the first location and the 
second signal is representative of a second capacitance of a 
second user (or the first user) at the second location. The 
capacitance sensor 550 uses the first capacitance to determine 
that the first user is interacting with the user interface 510, and 
uses the second capacitance to determine that the second user 
is interacting with the user interface 510. 
0048. In one embodiment of a discriminating apparatus 
that includes a capacitive sense button, the capacitance sensor 
550 operates in two modes: a touch sensing mode and a user 
sensing mode. When a touch is detected, it would then be 
reconfigured to sense the particular signal corresponding to 
the particular location. Alternatively, two circuits could each 
be connected to the same control, as illustrated in FIG. 5. The 
discriminating apparatus 500 in FIG.5 may include multiple 
capacitive sensing elements that may be selectively coupled 
(e.g., using the illustrated selection circuit 540) to the capaci 
tance Sensor 550 and the user detector circuit 560. Both the 
capacitance sensor 550 and the user detector circuit 560 are 
coupled to the UI controller 570 which is coupled to the user 
interface on the display 580 of the system. In one embodi 
ment, both the capacitance sensor 550 and the user detector 
circuit 560 could operate simultaneously. Alternatively, the 
capacitance sensor 550 and the user detector circuit 560 oper 
ate sequentially. 
0049. In one embodiment, the selection circuit 540 is con 
figured to sequentially select the individual sensor elements 
520. In another embodiment, the selection circuit 540 is con 
figured to sequentially select sets of sensor elements, such as 
rows or columns. The selection circuit 540 may be configured 
to provide charge current or Voltage to the selected sensor 
elements and to measure a capacitance on the selected sensor 
elements. In one exemplary embodiment, the selection circuit 
540 is a multiplexer array. Alternatively, the selection circuit 
may be other circuitry inside or outside the capacitance sen 
sor 550 to select the sensor element(s) to be measured. 
0050. In another embodiment, the capacitance sensor 550 
may be used to measure capacitance on all or less than all of 
the sensor elements of the user interface 510. Alternatively, 

Sep. 10, 2009 

multiple capacitance sensors 550 may be used to measure 
capacitance on all or less than all of the sensorelements of the 
user interface 510. In one embodiment, the selection circuit 
540 is configured to connect the sensor elements that are not 
being measured to the system ground. This may be done in 
conjunction with a dedicated pin in the GPIO port 607. 
0051. The processing device 530 is coupled the UI con 
troller 570. In one embodiment, the UI controller 570 
includes a decision logic block. The operations of decision 
logic block may be implemented in firmware; alternatively, it 
may be implemented in hardware or software. The decision 
logic block may be configured to receive the digital code or 
counts from the capacitance sensor 550, and to determine the 
state of the user interface 510, such as whether a conductive 
object is detected on or in proximity to the user interface 510, 
which button has been pressed on the user interface 510, from 
which location the user is interacting with the user interface 
510, or the like. 
0052. In another embodiment, instead of performing the 
operations of the decision logic in the UI controller 570, the 
processing device 530 may send the raw data to the host 650. 
Host 650, as illustrated in FIG. 6, may include decision logic 
block. The operations of the decision logic of the host 650 
may also be implemented in firmware, hardware, and/or soft 
ware. Also, as described below, the host may include high 
level APIs in applications that perform routines on the 
received data, Such as compensating for sensitivity differ 
ences, other compensation algorithms, baseline update rou 
tines, start-up and/or initialization routines, interpolations 
operations, Scaling operations, or the like. The operations 
described with respect to the decision logic of the UI control 
ler 570 may be implemented in a decision logic block of the 
host 650, applications running on the host 650, or in other 
hardware, Software, and/or firmware external to the process 
ing device 530. 
0053. In another embodiment, the processing device 530 
may also include a non-capacitance sensing actions block. 
This block may be used to process and/or receive/transmit 
data to and from the host 650. For example, additional com 
ponents may be implemented to operate with the processing 
device 530 along with the user interface 510 (e.g., keyboard, 
keypad, mouse, trackball, LEDs, displays, or the like). 
0054. In an alternative embodiment of the invention, a 
single frequency may be used in a controlled manner when it 
is applied. For example, normally there is no signal applied to 
the users at the multiple locations. When the user interface 
510 is pressed, a selected frequency is applied to the first user 
at the first location (e.g., driver seat). Then, a test may be 
performed to see if the selected frequency can be detected. 
The selected frequency may also be applied the second user at 
the second location (e.g., passenger seat) and tested to see if 
it can be detected. 
0055. In another embodiment, a single frequency can be 
used that is modulated with different modulated signals. For 
example, a 250 Hz signal may be used all the time in both 
controls, but with the signal turned on and off in different 
patterns (e.g., on for 10 ms, off for 20 ms vs. on for 20 ms and 
off 10 ms) depending on the seat (e.g., driver or passenger). In 
one embodiment, a carrier frequency (either the same for all 
users or different for each user) may be used with a distinct 
frequency signal (e.g., AM or FM) modulated onto the carrier 
frequency corresponding to the respective locations. Such an 
embodiment may help prevent spurious detection. In particu 
lar, the greater the complexity of the signal being detected, the 
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less the chance of spurious detection. For example, detecting 
a simple tone (e.g., 250 Hz) is susceptible to spurious detec 
tion any time there is any other 250 Hz signal present in the 
user interface environment (e.g., Surrounding the user and/or 
the sensorelements within the user interface). Modulating the 
signals onto the carrier signal makes it less likely that such a 
spurious detection would occur, because the other signal 
would have to be modulated in the same way. Starting and 
stopping the signal, and checking that the signal detection 
comes and goes as the signal comes and goes makes spurious 
detection even less likely. In general, such "closed loop' 
sensing methods may be more reliable than “open loop' 
sensing. 
0056. In alternative embodiments, other apparatus and 
methods may be used to discern which of multiple operators, 
or the same operator at multiple locations, has activated a user 
interface. Another such method may involve utilizing differ 
ent paths to ground at the different user locations, and ensur 
ing that those paths had different impedances to ground. In 
one embodiment, the impedance of each path to ground may 
be dynamically varied in order to modulate the detected sen 
Sor capacitive counts in a way that could be detected by a 
capacitance sensor, and, thus, used to identify which of the 
users was activating the control. In Such an embodiment, the 
capacitance sensor may be a capacitive sensor relaxation 
oscillator (CSR). With a CSR oscillator, capacitance is mea 
Sured in terms of raw counts (e.g., the higher the capacitance, 
the higher the raw counts) during periods of oscillation of the 
relaxation oscillator. More specifically, when a finger or con 
ductive object is placed on a capacitive sensor, the capaci 
tance increases and an output signal of the relaxation oscilla 
tor decreases. The relaxation oscillator output signal is fed to 
a digital counter for measurement, or counting, using tech 
niques known in the art. 
0057. A reference, or baseline, may be tracked (e.g., using 
software in a processing device within the UI control cir 
cuitry) and established for each different impedance path 
location, so that the system knows when a user interaction at 
a particular location is present (e.g., finger on button) by 
comparing the CSR raw counts (representing the capacitance 
due to the presence of a conductive object, such as user's 
finger) with the baseline for a particular location. Alterna 
tively, the CSR raw counts may be compared against multiple 
thresholds corresponding to multiple locations, respectively. 
In one embodiment, the baseline and thresholds are config 
ured before use by the user. For example, upon purchasing a 
car implementing the car entertainment and navigation sys 
tem 100, the user configures the system to specific users in 
multiple locations. For example, a presence threshold (e.g., 
finger threshold) for a first user sitting in the driver seat 140 is 
set and a presence threshold for a second user sitting in the 
passenger seat 150 is also set. Alternatively, the baseline and 
thresholds may be dynamically configured during operation. 
0058 At startup (or boot) the sensor elements 520 are 
scanned and the digital code or count values for each sensor 
element with no activation are stored as a baseline array (C). 
The presence of a finger on the sensor element or in proximity 
to the sensor element is determined by the difference in 
counts between a stored value for no sensor element activa 
tion and the acquired value with sensor element activation, 
referred to here as An. The sensitivity of a single sensor 
element is approximately: 
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An CF (1) 
n C. 

0059. The value of An should be large enough for reason 
able resolution and clear indication of sensor element activa 
tion (e.g., button activation). This drives sensor element con 
struction decisions. C should be as large a fraction of C as 
possible. Since C is determined by finger area and distance 
from the finger to the sensor element's conductive traces 
(through the over-lying insulator), the baseline capacitance 
C, should be minimized. The baseline capacitance C. 
includes the capacitance of the sensor element pad plus any 
parasitics, including routing and chip pin capacitance. 
0060. In one embodiment, a first baseline is measured and 
stored for a first user at a first location and a second baseline 
is measured and stored for a second user at a second location. 
Based on the first and second baselines, the processing device 
530 is configured to discriminate between the first and second 
users at first and second locations, respectively. For example, 
the first baseline measurement may be tuned to a greater 
number of raw counts, so that the capacitance measured cor 
responding to the first user can be discriminated from the 
capacitance measured corresponding to the second user. In 
one embodiment, a circuit is installed at the first location to 
provide the additional capacitance to the user when the user 
interacts with the user interface. The additional capacitance 
applied to the user at one of the locations may be used to 
discriminate between the first and second signals received 
through the user interface. 
0061. In one embodiment, the signal generator circuit 400 

is configured to generate an additional capacitance to one of 
the locations. For example, the first drive circuit 170 is con 
figured to generate an additional capacitance that is applied to 
the body 360 of the first user. When the first user touches the 
user interface the additional capacitance (e.g., the capacitance 
in addition to the first capacitance of the first user), the pro 
cessing device 530 is configured to discriminate the first 
signal corresponding to interaction with the user interface 
510 at the first location from the second signal corresponding 
to interaction with the user interface 510 at the second loca 
tion. Alternatively, other configurations may be used togen 
erate an additional capacitance to be measured at one of the 
locations of the user interface 510. 
0062. It should be noted that while a CSR oscillator is 
described, any oscillator type that translates capacitance 
chances to raw count changes may be used. For example, the 
capacitance sensor 550 may implement other capacitance 
measurement methods, such as Sigma-delta modulation, Suc 
cessive approximation, Versus Voltage phase shift measure 
ment, resistor-capacitor charge timing, capacitive bridge 
divider, charge transfer, charge-accumulation circuits, or the 
like. It should be noted however, instead of evaluating the raw 
counts relative to a threshold, the capacitance sensor may be 
evaluating other measurements to determine the user interac 
tion. For example, in the capacitance sensor having a sigma 
delta modulator, the capacitance sensor is evaluating the ratio 
of pulse widths of the output, instead of the raw counts being 
over a certain threshold. 
0063 FIG. 6 illustrates a block diagram of one embodi 
ment of an electronic system 600 having a processing device 
530 for detecting a presence of a conductive object and for 
discriminating between a first signal indicative of interaction 
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at a first location and a second signal indicative of interaction 
at a second location. Electronic system 600 includes process 
ing device 530 (which includes the detecting circuit 555), 
touch-sensor pad 620, touch-sensor slider 630, touch-sensor 
buttons 640, host processor 650, embedded controller 660, 
and non-capacitance sensor elements 670. The processing 
device 530 may include analog and/or digital general purpose 
input/output (“GPIO) ports 607. GPIO ports 607 may be 
programmable. GPIO ports 607 may be coupled to a Pro 
grammable Interconnect and Logic (“PIL), which acts as an 
interconnect between GPIO ports 607 and a digital block 
array of the processing device 530 (not illustrated). The digi 
tal block array may be configured to implement a variety of 
digital logic circuits (e.g., DAC, digital filters, digital control 
systems) using, in one embodiment, configurable user mod 
ules (“UMs). The digital block array may be coupled to a 
system bus (not illustrated). Processing device 530 may also 
include memory, such as random access memory (RAM) 605 
and program flash 604. RAM 605 may be static RAM 
(SRAM) or the like, and program flash 604 may be a non 
Volatile storage, or the like, which may be used to store 
firmware (e.g., control algorithms executable by processing 
core 602 to implement operations described herein). Process 
ing device 530 may also include a memory controller unit 
(MCU) 603 coupled to memory and the processing core 602. 
0064. The processing device 530 may also include an ana 
log blockarray (not illustrated). The analog blockarray is also 
coupled to the system bus. Analog block array also may be 
configured to implement a variety of analog circuits (e.g., 
ADC, analog filters) using, in one embodiment, configurable 
UMs. The analog block array may also be coupled to the 
GPIO 6O7. 

0065. In one embodiment, the processing device 530 also 
includes the user detector circuit 560, as described above. In 
another embodiment, the processing device 530 does not 
include the user detector circuit 560, and the processing 
device 530 is configured to discriminate between interaction 
of a user with the user interface at the first and second loca 
tions using the capacitance sensor 550. 
0066. As illustrated, capacitance sensor 550 may be inte 
grated into processing device 530. Capacitance sensor 550 
may include analog I/O for coupling to an external compo 
nent, such as touch-sensor pad 620, touch-sensor slider 630, 
touch-sensor buttons 640, and/or other devices. 
0067. It should be noted that the embodiments described 
herein are not limited to a specific type of user interface. Such 
as a touchscreen for entertainment and navigation implemen 
tations in a car, but can be used in other capacitive sensing 
implementations, for example, the sensing device may be a 
touch-sensor pad 620, a touch-sensor slider 630, or a touch 
sensor button 640 (e.g., capacitance sensing button). It should 
also be noted that the embodiments described herein may be 
implemented in other sensing technologies than capacitive 
sensing. Such as resistive, optical imaging, Surface acoustical 
wave (SAW), infrared, dispersive signal, and strain gauge 
technologies. Similarly, the operations described herein are 
not limited to car control operations, but can include other 
operations, such as lighting control (dimmer), temperature or 
environmental control, Volume control, graphic equalizer 
control, speed control, or other control operations requiring 
gradual or discrete adjustments. It should also be noted that 
these embodiments of capacitive sensing implementations 
may be used in conjunction with non-capacitive sensing ele 
ments, including but not limited to pick buttons, sliders (ex. 
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display brightness and contrast), Scroll-wheels, multi-media 
control (ex. Volume, track advance, etc.), mechanical buttons, 
handwriting recognition and numeric keypad operation, or 
the like. 

0068. In one embodiment, the electronic system 600 
includes a touch-sensor pad 620 coupled to the processing 
device 530 via bus 621. Touch-sensorpad 620 may include a 
two-dimension sensor array. The two-dimension sensor array 
includes multiple sensor elements, organized as rows and 
columns. 

0069. In another embodiment, the electronic system 600 
includes a touch-sensor slider 630 coupled to the processing 
device 530 via bus 631. Touch-sensor slider 630 may include 
a single-dimension sensor array. The single-dimension sen 
sor array includes multiple sensor elements, organized as 
rows, or alternatively, as columns. 
0070. In another embodiment, the electronic system 600 
includes touch-sensor buttons 640 coupled to the processing 
device 530 via bus 641. Touch-sensor button 640 may include 
a single-dimension or multi-dimension sensor array. The 
single- or multi-dimension sensor array includes multiple 
sensor elements. For a touch-sensor button, the sensor ele 
ments may be coupled together to detect a presence of a 
conductive object over the entire Surface of the sensing 
device. Alternatively, the touch-sensor button 640 has a single 
sensor element to detect the presence of the conductive 
object. In one embodiment, the touch-sensor button 640 may 
be a capacitance sensor element. 
(0071. The electronic system 600 may include any combi 
nation of one or more of the touch screen (not illustrated in 
FIG. 6), touch-sensor pad 620, touch-sensor slider 630, and/ 
or touch-sensor button 640. In another embodiment, the elec 
tronic system 600 may also include non-capacitance sensor 
elements 670 coupled to the processing device 530 via bus 
671. The non-capacitance sensor elements 670 may include 
buttons, light emitting diodes (LEDs), and other user inter 
face devices, such as a mouse, a keyboard, a display, or other 
functional keys that do not require capacitance sensing. In 
one embodiment, buses 671, 641, 631, and 621 may be a 
single bus. Alternatively, these buses may be configured into 
any combination of one or more separate buses. 
0072 The processing device 530 may also provide value 
added functionality Such as keyboard control integration, 
LEDs, battery charger, and general purpose I/O, as illustrated 
as non-capacitance sensor elements 670. Non-capacitance 
sensor elements 670 are coupled to the GPIO 607. 
0073 Processing device 530 may include internal oscilla 

torf clocks 606 and communication block 608. The oscillator/ 
clocks block 606 provides clock signals to one or more of the 
components of processing device 530. Communication block 
608 may be used to communicate with an external compo 
nent, such as a host processor 650, via host interface (I/F) 651. 
Alternatively, processing block 530 may also be coupled to 
embedded controller 660 to communicate with the external 
components, such as host 650. Interfacing to the host 650 can 
be through various methods. In one exemplary embodiment, 
interfacing with the host 650 may be done using a standard 
interface to connect to an embedded controller 660, which in 
turn sends data to the host 650 via a low pin count (LPC) 
interface. In one exemplary embodiment, interfacing may be 
done using a universal serial bus (USB) interface directly 
coupled to the host 650 via host interface 651. Alternatively, 
the processing device 530 may communicate to external com 
ponents, such as the host 650 using industry standard inter 
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faces, such as USB, PS/2, inter-integrated circuit (I2C) bus, 
system packet interfaces (SPI), or the like. The host 650 
and/or embedded controller 660 may be coupled to the pro 
cessing device 530 with a ribbon or flex cable from an assem 
bly, which houses the sensing device and processing device. 
0074. In one embodiment, the processing device 530 is 
configured to communicate with the embedded controller 660 
or the host 650 to send and/or receive data. The data may be 
a command or alternatively a signal. Such as commands 
defined by HID class drivers already built into the Operating 
System (OS) software of host 650. Alternatively, the process 
ing device 530 may be configured to communicate with the 
embedded controller 660 or the host 650, using non-OS driv 
ers, such as dedicated touch-sensor pad drivers, or other driv 
ers known by those of ordinary skill in the art. 
0075. In one embodiment, the processing device 530 is 
configured to communicate data (e.g., commands or signals) 
using hardware, Software, and/or firmware, and the data may 
be communicated directly to the processing device of the host 
650. Such as a host processor, or alternatively, may be com 
municated to the host 650 via drivers of the host 650, such as 
OS drivers, or other non-OS drivers. It should also be noted 
that the host 650 may directly communicate with the process 
ing device 530 via host interface 651. 
0076. In one embodiment, the data sent to the host 650 
from the processing device 530 includes click, double-click, 
movement of the pointer, Scroll-up, Scroll-down, Scroll-left, 
scroll-right, step Back, and step Forward. In another embodi 
ment, the data sent to the host 650 includes the position or 
location of the conductive object on the sensing device. Alter 
natively, other user interface device commands may be com 
municated to the host 650 from the processing device 530. 
These commands may be based on gestures occurring on the 
sensing device that are recognized by the processing device, 
Such as tap, push, hop, drag, and ZigZag gestures. Alterna 
tively, other commands may be recognized. Similarly, signals 
may be sent that indicate the recognition of these operations. 
0077 Processing device 530 may reside on a common 
carrier Substrate Such as, for example, an integrated circuit 
(IC) die substrate, a multi-chip module substrate, or the like. 
Alternatively, the components of processing device 530 may 
be one or more separate integrated circuits and/or discrete 
components. In one exemplary embodiment, processing 
device 530 is a Programmable System on a Chip (PSOC(R) 
processing device, developed by Cypress Semiconductor 
Corporation, San Jose, Calif. Alternatively, processing device 
530 may be one or more other processing devices known by 
those of ordinary skill in the art, Such as a microprocessor or 
central processing unit, a controller, special-purpose proces 
Sor, digital signal processor (DSP), an application specific 
integrated circuit (ASIC), a field programmable gate array 
(FPGA), or the like. Additionally, the processing device may 
include any combination of general-purpose processing 
device(s) and special-purpose processing device(s). 
0078. It should also be noted that the embodiments 
described herein are not limited to having a configuration of a 
processing device coupled to a host, but may include a system 
that measures the capacitance on the sensing device and sends 
the raw data to a host computer where it is analyzed by an 
application. In effect the processing that is done by process 
ing device 530 may also be done in the host. In another 
embodiment, the processing device 530 is the host. 
0079. In one embodiment, the method and apparatus 
described herein may be implemented in a fully self-con 
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tained user interface, which outputs fully processed X/y 
movement and gesture data signals or data commands to a 
host. In another embodiment, the method and apparatus may 
be implemented in a user interface, which outputs X/y move 
ment data and also finger presence data to a host, and where 
the host processes the received data to detect gestures. In 
another embodiment, the method and apparatus may be 
implemented in a user interface, which outputs raw capaci 
tance data to a host, where the host processes the capacitance 
data to compensate for quiescent and stray capacitance, and 
calculates X/y movement and detects gestures by processing 
the capacitance data. Alternatively, the method and apparatus 
may be implemented in a user interface, which outputs pre 
processed capacitance data to a host, where the touchpad 
processes the capacitance data to compensate for quiescent 
and stray capacitance, and the host calculates X/y movement 
and detects gestures from the pre-processed capacitance data. 
Alternatively, other configurations are possible. 
0080 Capacitance sensor 550 may be integrated into the 
processing device 530, or alternatively, in a separate IC. Alter 
natively, descriptions of capacitance sensor 550 may be gen 
erated and compiled for incorporation into other integrated 
circuits. For example, behavioral level code describing 
capacitance sensor 550, or portions thereof, may be generated 
using a hardware description language. Such as VHDL or 
Verilog, and stored to a machine-accessible medium (e.g., 
Flash ROM, CD-ROM, hard disk, floppy disk, etc.). Further 
more, the behavioral level code can be compiled into register 
transfer level (“RTL) code, a netlist, or even a circuit layout 
and stored to a machine-accessible medium. The behavioral 
level code, the RTL code, the netlist, and the circuit layout all 
represent various levels of abstraction to describe capacitance 
Sensor 550. 

I0081. It should be noted that the components of electronic 
system 600 may include all the components described above. 
Alternatively, electronic system 600 may include only some 
of the components described above, or include additional 
components not listed herein. 
I0082 In one embodiment, capacitance sensor 550 is a 
capacitance sensing relaxation oscillator (CSR). Such as illus 
trated in and described with respect to FIG.8. The CSR may 
be coupled to an array of sensor elements, an analog multi 
plexer, digital counting functions, and high-level Software 
routines to compensate for environmental and physical sensor 
element variations. The sensor array may include combina 
tions of independent sensor elements, sliding sensorelements 
(e.g., touch-sensor slider), and touch-sensor sensor element 
pads (e.g., touchpad or touch screen) implemented as a pair 
of orthogonal sliding sensor elements. The CSR may include 
physical, electrical, and Software components. The physical 
components may include the physical sensor element itself. 
typically a pattern constructed on a printed circuit board 
(PCB) with an insulating cover, a flexible membrane, or a 
transparent overlay. The electrical component may include an 
oscillator or other means to convert a capacitance into a 
measured value. The electrical component may also include a 
counter or timer to measure the oscillator output. The soft 
ware component may include detection and compensation 
algorithms to convert the count value into a sensor element 
detection decision (also referred to as switch detection deci 
sion). For example, in the case of slider sensor elements or 
X-Y touch-sensor sensor element pads, a calculation for find 
ing position of the conductive object to greater resolution than 
the physical pitch of the sensor elements may be used. 
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0083. It should be noted that there are various known 
methods for measuring capacitance. Although some embodi 
ments described herein are described using a relaxation oscil 
lator, the present embodiments are not limited to using relax 
ation oscillators, but may include other methods, such as 
current versus Voltage phase shift measurement, resistor-ca 
pacitor charge timing, capacitive bridge divider, charge trans 
fer, sigma-delta modulators, successive approximation, 
charge-accumulation circuits, or the like. 
0084. The current versus voltage phase shift measurement 
may include driving the capacitance through a fixed-value 
resistor to yield voltage and current waveforms that are out of 
phase by a predictable amount. The drive frequency can be 
adjusted to keep the phase measurementina readily measured 
range. The resistor-capacitor charge timing may include 
charging the capacitor through a fixed resistor and measuring 
timing on the Voltage ramp. Small capacitance values may 
require very large resistors for reasonable timing. The capaci 
tive bridge divider may include driving the capacitor under 
test through a fixed reference capacitor. The reference capaci 
tor and the capacitor under test form a voltage divider. The 
Voltage signal may be recovered with a synchronous demodu 
lator, which may be done in the processing device 530. The 
charge transfer may be conceptually similar to an R-C charg 
ing circuit. In this method, C is the capacitance being sensed. 
Cs is the Summing capacitor, into which charge is trans 
ferred on Successive cycles. At the start of the measurement 
cycle, the Voltage on Cs is discharged. The Voltage on 
Cs increases exponentially (and only slightly) with each 
clock cycle. The time for this Voltage to reach a specific 
threshold is measured with a counter. Additional details 
regarding these alternative embodiments have not been 
included so as to not obscure the present embodiments, and 
because these alternative embodiments for measuring capaci 
tance are known by those of ordinary skill in the art. 
0085 FIG. 7A illustrates a varying capacitance sensor 
element. In its basic form, a capacitance sensor element 700 
is a pair of adjacent conductors 701 and 702. There is a small 
edge-to-edge capacitance, but the intent of sensor element 
layout is to minimize the parasitic capacitance C between 
these conductors. When a conductive object 703 (e.g., finger) 
is placed in proximity to the two conductors 701 and 702, 
there is a capacitance between electrode 701 and the conduc 
tive object 703 and a similar capacitance between the con 
ductive object 703 and the other electrode 702. The capaci 
tance between the electrodes when no conductive object 703 
is present is the base capacitance C that may be stored as a 
baseline value. There is also a total capacitance (C+C) on 
the sensor element 700 when the conductive object 703 is 
present on or in close proximity to the sensor element 700. 
The baseline capacitance value C may be subtracted from 
the total capacitance when the conductive object 703 is 
present to determine the change in capacitance (e.g., capaci 
tance variation C) when the conductive object 703 is present 
and when the conductive object 703 is not present on the 
sensor element. Effectively, the capacitance variation C can 
be measured to determine whether a conductive object 703 is 
present or not (e.g., sensor activation) on the sensor element 
700. 

I0086 Capacitance sensor element 700 may be used in a 
capacitance sensor array. The capacitance sensor array is a set 
of capacitors where one side of each capacitor is connected to 
a system ground. When the capacitance sensor element 700 is 
used in the sensor array, when the conductor 701 is sensed, the 
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conductor 702 is connected to ground, and when the conduc 
tor 702 is sensed, the conductor 701 is connected to ground. 
Alternatively, when the sensor element is used for a touch 
sensor button, the conductor 701 is sensed and the conductor 
702 is connected to ground. The presence of the conductive 
object 703 increases the capacitance (C+C) of the sensor 
element 700 to ground. Determining sensor element activa 
tion is then a matter of measuring change in the capacitance 
(C) or capacitance variation. Sensor element 700 is also 
known as a grounded variable capacitor. 
I0087. The conductive object 703 in this embodiment has 
been illustrated as a finger. Alternatively, this technique may 
be applied to any conductive object, for example, a conduc 
tive door Switch, position sensor, or conductive penin a stylus 
tracking System (e.g., stylus). 
I0088. The capacitance sensor element 700 is known as a 
projected capacitance sensor. Alternatively, the capacitance 
sensor element 700 may be a surface capacitance sensor that 
does not make use of rows or columns, but instead makes use 
of a single linearized field, Such as the Surface capacitance 
sensor described in U.S. Pat. No. 4,293,734. The surface 
capacitance sensor may be used in touch screen applications. 
I0089 FIG. 7B illustrates one embodiment of a capaci 
tance sensor element 707 coupled to a processing device 530. 
Capacitance sensor element 707 illustrates the capacitance as 
seen by the processing device 530 on the capacitance sensing 
pin 706. As described above, when a conductive object 703 
(e.g., finger) is placed in proximity to one of the conductors 
705, there is a capacitance, C, between the one of the con 
ductors 705 and the conductive object 703 with respect to 
ground. This ground, however, may be a floating ground. 
Also, there is a capacitance, C, between the conductors 705, 
with one of the conductors 705 being connected to a system 
ground. The ground conductor may be coupled to the pro 
cessing device 530 using GPIO pin 708. The conductors 705 
may be metal, or alternatively, the conductors may be con 
ductive ink (e.g., carbon ink), conductive ceramic (e.g., trans 
parent conductors of indium tin oxide (ITO)), conductive 
polymers, or the like. In one embodiment, the ground con 
ductor is an adjacent sensor element. Alternatively, the 
ground conductor may be other grounding mechanisms. Such 
as a Surrounding ground plane. Accordingly, the processing 
device 530 can measure the change in capacitance, capaci 
tance variation C, as the conductive object is in proximity to 
one of the conductors 705. Above and below the conductor 
that is closest to the conductive object 703 is dielectric mate 
rial 704. The dielectric material 704 above the conductor 705 
can be an overlay. The overlay may be non-conductive mate 
rial used to protect the circuitry from environmental condi 
tions and electrostatic discharge (ESD), and to insulate the 
user's finger (e.g., conductive object) from the circuitry. 
Capacitance sensor element 707 may be a sensor element of 
a touch screen, a touch-sensor pad, a touch-sensor slider, a 
touch-sensor button, or the like. 
0090 FIG. 8 illustrates a capacitance sensor of the user 
location discriminating apparatus of FIG. 5 in accordance 
with one embodiment of the present invention. The capaci 
tance sensor 550 of FIG. 8 includes a relaxation oscillator 810 
coupled to sensor element (designated as capacitor 851) of a 
user interface, and to a digital counter 820. The relaxation 
oscillator 810 is formed by the capacitance to be measured on 
the capacitor 851, a charging current source 830, a compara 
tor 835, and a reset switch 845 (also referred to as a discharge 
switch). It should be noted that capacitor 851 is representative 



US 2009/0225.036 A1 

of the capacitance measured on a sensor element of the user 
interface. The relaxation oscillator is coupled to drive a charg 
ing current (Ic) 857 in a single direction onto a device under 
test (“DUT) capacitor, capacitor 851. As the charging cur 
rent piles charge onto the capacitor 851, the Voltage across the 
capacitor increases with time as a function of Ic 857 and its 
capacitance C. Equation (2) describes the relation between 
current, capacitance, Voltage, and time for a charging capaci 
tOr. 

CcV=Idt (2) 

0091. The relaxation oscillator begins by charging the 
capacitor 851, at a fixed current Ic 857, from a ground poten 
tial or zero voltage until the voltage across the capacitor 851 
at node 855 reaches a reference voltage or threshold voltage, 
V 850. At the threshold voltage V 850, the relaxation 
oscillator allows the accumulated charge at node 855 to dis 
charge (e.g., the capacitor 851 to “relax” back to the ground 
potential) and then the process repeats itself. In particular, the 
output of comparator 835 asserts a clock signal F 840 
(e.g., F. 840 goes high), which enables the reset Switch 
845. This discharges the capacitor at node 855 to ground and 
the charge cycle starts again. The relaxation oscillator outputs 
a relaxation oscillator clock signal (F-840) having a fre 
quency (f) dependent upon capacitance C of the capacitor 
851 and charging current Ic 857. 
0092. The comparator trip time of the comparator 835 and 
reset switch 845 add a fixed delay. The output of the com 
parator 835 is synchronized with a reference system clock to 
guarantee that the reset time is long enough to completely 
discharge capacitor 851. This sets a practical upper limit to 
the operating frequency. For example, if capacitance C of the 
capacitor 851 changes, then f changes proportionally 
according to Equation (2). By comparing f of F 840 
against the frequency (f) of a known reference system 
clock signal (REF CLK), the change in capacitance AC can be 
measured. Accordingly, equations (3) and (4) below describe 
that a change in frequency between F-840 and REF CLK 
is proportional to a change in capacitance of the capacitor 
851. 

ACoAfwhere (3) 

Af-fro-fref. (4) 

0093. In one embodiment, a frequency comparator may be 
coupled to receive relaxation oscillator clock signal (F. 
840) and REF CLK, compare their frequencies f and f, 
respectively, and output a signal indicative of the difference 
Af between these frequencies. By monitoring Afone can 
determine whether the capacitance of the capacitor 851 has 
changed. 
0094. In one exemplary embodiment, the relaxation oscil 
lator 810 may be built using a programmable timer (e.g., 555 
timer) to implement the comparator 835 and reset switch 845. 
The capacitor charging current for the relaxation oscillator 
810 may be generated in a register programmable current 
output DAC (also known as IDAC). Accordingly, the current 
source 830 may be a current DAC or IDAC. The IDAC output 
current may be set by an 8-bit value provided by the process 
ing device 530, such as from the processing core 602. The 
8-bit value may be stored in a register, in memory, or the like. 
Alternatively, the relaxation oscillator 810 may be built using 
other circuitry. Relaxation oscillators are known by those of 
ordinary skill in the art, and accordingly, additional details 
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regarding their operation have not been included so as to not 
obscure the present embodiments. 
0095. In many capacitance sensor element designs, the 
two “conductors” (e.g., 701 and 702) of the sensing capacitor 
are actually adjacent sensor elements that are electrically 
isolated (e.g., PCB pads or traces), as indicated in FIG. 7A. 
Typically, one of these conductors is connected to a system 
ground. Layouts for touch-sensor slider (e.g., linear slide 
sensor elements) and touch-sensorpad applications have sen 
Sor elements that may be immediately adjacent. In these 
cases, all of the sensor elements that are not active are con 
nected to a system ground through the GPIO 607 of the 
processing device 530 dedicated to that pin. The actual 
capacitance between adjacent conductors is Small (C), but 
the capacitance of the active conductor (and its PCB trace 
back to the processing device 530) to ground, when detecting 
the presence of the conductive object 703, may be consider 
ably higher (C+C). The capacitance of two parallel con 
ductors is given by the following equation: 

A 4 
C = 80 er (4) 

A 
= en 8.85 pF/m 

0096. The dimensions of equation (4) are in meters. This is 
a very simple model of the capacitance. The reality is that 
there are fringing effects that substantially increase the sensor 
element-to-ground (and PCB trace-to-ground) capacitance. 
0097. There is some variation of sensorelement sensitivity 
as a result of environmental factors. A baseline update rou 
tine, which compensates for this variation, may be provided 
in the high-level APIs. 
0098. As described above with respect to the relaxation 
oscillator 810, when a finger or conductive object is placed on 
the sensor element, the capacitance increases from C to 
C+C so the relaxation oscillator output signal 840 (F) 
decreases in frequency. The relaxation oscillator output sig 
nal 840 (F) may be fed to a digital counter 620 for mea 
surement. The digital counter 420 receives the relaxation 
oscillator output signal 840 (F) and counts at least one of 
a frequency or a period of the relaxation oscillator output 
received from the relaxation oscillator. There are two meth 
ods for counting the relaxation oscillator output signal 840: 
frequency measurement and period measurement. 
0099. In one embodiment, the digital counter 820 includes 
two multiplexers 855 and 875. Multiplexers 855 and 875 are 
configured to select the inputs for the pulse width modulator 
(PWM) 865 and the timer 880 for the two measurement 
methods, frequency and period measurement methods. Alter 
natively, other selection circuits may be used to select the 
inputs for the PWM 865 and the timer 880. In another 
embodiment, multiplexers 855 and 880 are not included in the 
digital counter, for example, the digital counter 820 may be 
configured in one, or the other, measurement configuration. 
0100. In the frequency measurement method, the relax 
ation oscillator output signal 840 is counted for a fixed period 
of time. The timer 880 (e.g., counter) is read to obtain the 
number of counts during the gate time. This method works 
well at low frequencies where the oscillator reset time is small 
compared to the oscillator period. A PWM 865 is clocked for 
a fixed period by a derivative of the system clock, VC3 860 
(which is a divider from the 24 MHz system clock 870). Pulse 
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width modulation is a modulation technique that generates 
variable-length pulses to represent the amplitude of an analog 
input signal; in this case VC3860. The output of PWM 865 
enables the timer 880 (e.g., 16-bit). The relaxation oscillator 
output signal 840 clocks the timer 880. The timer 880 is reset 
at the start of the sequence, and the count value is read out at 
the end of the gate period. 
0101. In the period measurement method, the relaxation 
oscillator output signal 840 gates a timer 880 (e.g., counter), 
which is clocked by the system clock 870 (e.g., 24 MHz). In 
order to improve sensitivity and resolution, multiple periods 
of the oscillator are counted with the PWM865. The output of 
PWM 865 is used to gate the timer 880. In this method, the 
relaxation oscillator output signal 840 drives the clock input 
of PWM 865. As previously described, pulse width modula 
tion is a modulation technique that generates variable-length 
pulses to represent the amplitude of an analog input signal; in 
this case the relaxation oscillator output signal 840. The out 
put of the PWM 865 enables the timer 880 (e.g., 16-bit), 
which is clocked at the system clock frequency 870 (e.g., 24 
MHz). When the output of PWM 865 is asserted (e.g., goes 
high), the count starts by releasing the capture control of the 
timer 880. When the terminal count of the PWM 865 is 
reached, the capture signal is asserted (e.g., goes high), stop 
ping the count and setting the PWM's interrupt. The timer 
value is read in this interrupt. The relaxation oscillator 810 is 
indexed to the next Switch (e.g., next sensor element in the 
user interface) to be measured and the count sequence is 
started again. 
0102 Additional details of the relaxation oscillator and 
digital counter are known by those of ordinary skill in the art, 
and accordingly a detailed description regarding them has not 
been included. It should also be noted, that the embodiments 
described herein are not limited to using relaxation oscilla 
tors, but may include other sensing circuitry for measuring 
capacitance. Such as versus Voltage phase shift measurement, 
resistor-capacitor charge timing, capacitive bridge divider, 
charge transfer, Sigma-delta modulators, charge-accumula 
tion circuits, successive approximation, or the like. 
0103 FIG.9A illustrates a graph of a sensitivity of a single 
touch-sensor button. Graph 900 includes the counts 952 as 
measured on a single touch-sensor button for “no presence' 
950 on the touch-sensor button, and for a “presence'951 on 
the touch-sensor button. In one embodiment, when the “pres 
ence'951 is detected, a button activation is determined. The 
“No presence' 950 occurs when the user interface does not 
detect the presence of the conductive object. The “No pres 
ence'950 is detected between a range of noise. The range of 
noise may include a positive noise threshold 947 and a nega 
tive noise threshold 948. So long as the counts 952 are mea 
Sured as being between the positive and negative thresholds 
947 and 948, the user interface detects “no presence” 950. 
The “presence” 951 is when the user interface detects the 
presence of the conductive object (e.g., finger). The “Pres 
ence'951 is detected when the counts 952 are greater than a 
presence threshold 945. The presence threshold 945 indicates 
that a presence of a conductive object is detected on the user 
interface during touch-activation sensing. The sensitivity 949 
(CfCp) of the single button operation is such that when it 
detects the presence of the conductive object, the capacitance 
variation (An) is above the presence threshold 945. The sen 
sitivity 949 may have a range, sensitivity range 946. Sensi 
tivity range 94.6 may have a lower and upper limit or thresh 
old. The lower threshold is equal to or greater than the 
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presence threshold 945, allowing a “presence” 951 to be 
detected on or in proximity to the touch-sensor button. The 
user interface may be configured such that there is a design 
margin between the presence threshold 945 and the positive 
noise threshold 947. The sensitivity range 946 is based on the 
Surface area of the touch-sensor button, as well as other fac 
tOrS. 

0104. Although FIG. 9A is usually representative of the 
sensitivity of a single touch-sensor button, FIG. 9A may also 
illustrate the sensitivity of a group of coupled sensor ele 
ments. It should also be noted that the values of parameters in 
the graph of FIG. 9A may be different for the different con 
figurations. For example, in Scanning a sensor element indi 
vidually, the presence threshold 945 may be set to have an 
arbitrary count of 100 counts, based on factors such as scan 
speed, surface area, and the like. It should be noted in this 
embodiment, separate baseline measurement can be made for 
each of the sensor elements that are being measured individu 
ally, and the capacitance on a particular sensor element is 
compared against a presence threshold, Such as the presence 
threshold 945, to determine if the particular sensor element 
has been activated. However, using the same hardware (e.g., 
sensor elements, ground conductors, capacitance sensing 
pins, processing device, and the like), in Scanning the group of 
coupled sensorelements, the presence threshold may be setto 
have a similar or dissimilar presence threshold, for example, 
a lower count than the 100 counts used in the other configu 
ration. Alternatively, other thresholds may be set for the dif 
ferent configurations, such as for the button-activation sens 
ing or the proximity sensing. 
0105 FIG. 9B illustrates a graph of sensitivity of one 
embodiment of single touch-sensor button activated by two 
users in two locations. Graph950 includes the counts 852 as 
measured on a single touch-sensor button for “no presence' 
950 on the touch-sensor button, for a first “presence'951A on 
the touch-sensor button, and for a second "presence'951B on 
the touch-sensor button. In one embodiment, when the first 
“presence'951A is detected, a button activation from a first 
user at the first location is determined, and when the second 
“presence'951B is detected, a button activation from a sec 
ond user at the second location is determined. In another 
embodiment, when the first “presence'951A is detected, a 
button activation from a first user at the first location is deter 
mined, and when the second “presence'951B is detected, a 
button activation from a first user at the second location. The 
“No presence' 950 occurs when the user interface does not 
detect the presence of the conductive object of a user at either 
location. The “No presence'950 is detected between a range 
of noise, as described above. So long as the counts 952 are 
measured as being between below the presence threshold 
945A, no user interface detects “no presence'950. The first 
“presence'951A is when the user interface detects the pres 
ence of the conductive object (e.g., finger) at the first location. 
The first “presence'951A is detected when the counts 952 are 
greater than a first presence threshold 945A, but below a 
second presence threshold 945B. The second “presence' 
951B is when the user interface detects the presence of the 
conductive object (e.g., finger) at the second location. The 
second “presence'951B is detected when the counts 952 are 
greater than the second presence threshold 945B. The first 
and second presence thresholds 945A and 945B indicate that 
a presence of a conductive object is detected on the user 
interface during touch-activation sensing. Alternatively, the 
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presence thresholds may be tuned to other values in discrimi 
nating between interaction at the first location and the second 
location. 
0106 Although FIG.9B is usually representative of the 
sensitivity of a single touch-sensor button, FIG.9B may also 
illustrate the sensitivity of a group of coupled sensor ele 
ments. It should also be noted that the values of parameters in 
the graph of FIG.9B may be different for the different con 
figurations, as described above. It should be noted in this 
embodiment, separate baseline measurement can be made for 
each of the sensor elements that are being measured individu 
ally, and the capacitance on a particular sensor element is 
compared against a presence threshold, Such as the presence 
threshold 945A or 945B, to determine if the particular sensor 
element has been activated. Alternatively, other thresholds 
may be set for the different configurations, such as for button 
activation sensing or proximity sensing. 
01.07 FIG. 10 illustrates one embodiment of a selection 
circuit 540 coupled to an analog bus 541 for measuring 
capacitance on the sensor elements 1004 and 1005. As previ 
ously described, the selection circuit 540 is coupled to the 
sensor elements and ground conductor via capacitance sens 
ing pins 706, current source 830, reset switch 845, and a 
comparator 835 (not illustrated in FIG. 10) via analog bus 
541. The selection circuit 540 may be configured to sequen 
tially select a sensor element of the multiple sensor elements 
1004 and 1005 to provide the charge current and to measure 
the capacitance of each sensor element 1004 and 1005, indi 
vidually. In another embodiment, the sensor elements 1004 
and 1005 are selected and coupled together to provide the 
charge current and to measure a collective capacitance on the 
coupled sensor elements 904 and 905. Alternatively, the 
selection circuit 540 may be configured to couple any com 
bination of sensor elements (and ground conductors) to the 
system ground of the processing device 530. 
0108. It should be noted that although the selection circuit 
540 is illustrated and described with respect to a relaxation 
oscillator having the current source 830, reset switch 845, and 
comparator 835, alternatively, the selection circuit 540 is 
implemented with other types of circuits for measuring 
capacitance. Such as a circuit that includes the sigma-delta 
modulator, or other types of capacitance measuring circuits, 
Such as current versus Voltage phase shift measurement, resis 
tor-capacitor charge timing, capacitive bridge divider, charge 
transfer, Successive approximations, charge-accumulation 
circuits, or the like. 
0109. In one exemplary embodiment, the selection circuit 
540 is a multiplexer array of the relaxation oscillator 810. 
Alternatively, selection circuit 540 may be other circuitry 
outside the relaxation oscillator 810, or even outside the 
capacitance sensor 550 to select the sensor element to be 
measured. The selection circuit 540 may also be used to 
ground the sensor elements that are not being measured. This 
may be done in conjunction with a dedicated pin in the GPIO 
port 607. The selection circuit 540 may also be used to couple 
all the sensor elements 904 and 905 (and/or ground conductor 
903) at the same time. Alternatively, the processing device 
530 may sequentially or simultaneously scan each of the 
sensor elements individually. The processing device 530 can 
select the sensor elements 904, 905, and 903 using selection 
control lines 1001, 1002, and 1003, respectively. 
0110 FIG. 11 illustrates a flow chart of one embodiment 
of a method 1100 for discriminating between a first signal 
indicative of interaction at a first location and a second signal 
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indicative of interaction at a second location. The method 
1100 includes receiving a first signal from a user interface 
indicative of interaction at a first location, in operation 1101. 
The method 1100 also includes receiving a second signal 
from a user interface indicative of interaction at a second 
location, in operation 1102. The method 1100 also includes 
discriminating between the first signal and the second signal 
corresponding to the first location and the second location, 
respectively, by determining whether the received signal is 
the first signal, in operation 1103. If the received signal is the 
first signal, a first type of operation is performed, in operation 
1104. However, if the received signal is not the first signal, 
then a second type of operation is performed, in operation 
1105. By discriminating between the first and second signals, 
user interaction of a first user at a first location can be dis 
criminated from user interaction of a second user (or alterna 
tively, the first user) at the second location. Once the method 
has discriminated between the first and second signals, dif 
ferent (or similar) operations of the user interface can be 
performed in response. It should be noted that the second 
signal may have a Zero value. When discriminating between 
the first signal and the second signal, the method discrimi 
nates the first signal as corresponding to a first user at a first 
location when the second signal is a Zero value. For example, 
in the car driver case, the presence of the first signal is 
detected and the value of the signal is detected as a Zero value, 
the method determines that the driver is operating the UI, and 
thus locks out access to certain UI functions. Such as while the 
car is in motion. In another embodiment, the second signal 
would always be set to a defined value, such as a Zero value, 
so that the certain UI functions would be allowed only if the 
second signal were detected at a value other than Zero. 
0111. In one embodiment, the operation of discriminating 
between the first and second signals includes generating the 
first signal with a first frequency, such as by a first drive 
circuit, at a first location, and generating the second signal 
with a second frequency, Such as by the first drive circuit or a 
second drive circuit, at a second location. The first and second 
frequencies are measured to discriminate between the first 
and second signals. The method may further include applying 
the generated first signal to a body of a first user at the first 
location and the generated second signal to a body of a second 
user (or the body of the first user) at the second location. By 
applying the first signal to the body of the first user at the first 
location, the first signal is propagated through the body of the 
first user to the user interface when the first user interacts with 
the user interface at the first location. Similarly, by applying 
the second signal to the body of the second user (or first use) 
at the second location, the second signal is propagated 
through the body of the second user to the user interface when 
the second user interacts with the user interface at the second 
location. 

0112. In another embodiment, the operation of discrimi 
nating between the first and second signals includes generat 
ing a first signal with a first frequency at the first location, and 
generating the second signal with the same frequency as the 
first frequency at the second location. The signals are applied 
to the bodies at the respective locations at different points in 
time. For example, after the first signal has been applied to the 
user at the first location, the method attempts to detect the first 
signal through the user at the first location. However, if the 
first signal is not detected, then the second signal is applied to 
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the user at the second location, and the method attempts to 
detect the second signal through the user at the second loca 
tion. 

0113. In another embodiment, the operation of discrimi 
nating between the first and second signals includes generat 
ing a carrier signal having the carrier frequency at the first and 
second locations, and modulating onto the carrier signal, at 
the respective locations, the first signal with a first frequency 
corresponding to the first location and the second signal with 
a second frequency corresponding to the second location. The 
method includes an operation to receive the carrier signal 
having the carrier frequency, and to demodulate the carrier 
signal to discriminate between the first and second signals 
corresponding to the first location and the second location, 
respectively. The operation of demodulating may include 
demodulating the carrier signal to detect either the first fre 
quency or the second frequency to discriminate between the 
first and second signals. 
0114. In another embodiment, the operation of discrimi 
nating between the first and second signals includes deter 
mining a first capacitance of a first user at the first location 
from the first signal corresponding to the first location and a 
second capacitance of a second user at the second location 
from the second signal corresponding to the second location. 
The method further includes discriminating between interac 
tion of the first user and the second user based on the deter 
mined first and second capacitances. In one embodiment, a 
first count, representative of the first capacitance (e.g., first 
signal) of the first user at the first location, is measured. A 
second count, representative of the second capacitance (e.g., 
second signal) of the second user (or first user) at the second 
location, is measured. The method further includes an opera 
tion to discriminate between interaction of the first and sec 
ond users at the first and second locations based on the first 
and second counts. 

0115. In another embodiment, the method 1100 further 
includes providing a display that is configured to display a 
first image to a first user in the first location and a second 
image to a second user in the second location. For example, 
the display is configured to display two different images 
displayed at two different viewing angles (e.g., to display a 
navigation system to the driver and a movie to the passenger). 
The user interface (e.g., touch screen) controls may be user 
sensitive, so that the user interface provides functions, such as 
pause, fast forward, etc., to the passenger, while the user 
interface provides navigation functions. In one embodiment, 
the functions for the different users are provided in the same 
touch screen. In another embodiment, the functions are pro 
vided on the same touch screen buttons located at the same 
place on the touch screen. The method includes an operation 
that can detect a first type of interaction by the first user with 
the user interface at the first location, as well as detect a 
second type of interaction by the second user with the user 
interface at the second location. When the first type of inter 
action is detected at the first location, the method performs a 
first type of operation. In response to detecting the second 
type of interaction at the second location, a second type of 
operation is performed. In another embodiment, the method 
includes limiting operation of the user interface at the first 
location, while allowing interaction with the user interface at 
the second location. In one embodiment, to limit operation in 
the first location, the method includes preventing a first type 
of interaction at the first location. However, the first type of 
interaction at the second location is allowed. For example, the 
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driver at the first location may be prevented from accessing 
navigation functions while the car is in motion, but the pas 
senger at the second location may be allowed to access these 
same functions. 

0116. The embodiments described herein may be config 
ured to have the ability to limitan operator in certain locations 
from interacting with a user interface of the device. The 
embodiments described herein may also be configured to 
have the ability to provide one type of interaction with a user 
in location, and a different interaction for another user (or the 
same user) at a different location. For example, a first user at 
a first location may be a user in the driver seat of a car, while 
a second user at a second location may be a user in the 
passenger seat of a car. The embodiments described herein 
are configured to determine who has pressed a button in order 
to, for example, prevent the driver from accessing navigation 
functions while the car is in motion, but allow the passenger 
to operate those same controls. 
0117 Embodiments of the present invention, described 
herein, include various operations. These operations may be 
performed by hardware components, Software, firmware, or a 
combination thereof. As used herein, the term “coupled to 
may mean coupled directly or indirectly through one or more 
intervening components. Any of the signals provided over 
various buses described herein may be time multiplexed with 
other signals and provided over one or more common buses. 
Additionally, the interconnection between circuit compo 
nents or blocks may be shown as buses or as single signal 
lines. Each of the buses may alternatively be one or more 
single signal lines and each of the single signal lines may 
alternatively be buses. 
0118 Certain embodiments may be implemented as a 
computer program product that may include instructions 
stored on a machine-readable medium. These instructions 
may be used to program a general-purpose or special-purpose 
processor to perform the described operations. A machine 
readable medium includes any mechanism for storing or 
transmitting information in a form (e.g., software, processing 
application) readable by a machine (e.g., a computer). The 
machine-readable medium may include, but is not limited to, 
magnetic storage medium (e.g., floppy diskette); optical Stor 
age medium (e.g., CD-ROM); magneto-optical storage 
medium; read-only memory (ROM); random-access memory 
(RAM); erasable programmable memory (e.g., EPROM and 
EEPROM); flash memory; electrical, optical, acoustical, or 
other form of propagated signal (e.g., carrier waves, infrared 
signals, digital signals, etc.); or another type of medium Suit 
able for storing electronic instructions. 
0119) Additionally, some embodiments may be practiced 
in distributed computing environments where the machine 
readable medium is stored on and/or executed by more than 
one computer system. In addition, the information transferred 
between computer systems may either be pulled or pushed 
across the communication medium connecting the computer 
systems. 
I0120 Although the operations of the method(s) herein are 
shown and described in a particular order, the order of the 
operations of each method may be altered so that certain 
operations may be performed in an inverse order or so that 
certain operation may be performed, at least in part, concur 
rently with other operations. In another embodiment, instruc 
tions or Sub-operations of distinct operations may be in an 
intermittent and/or alternating manner. 
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0121. In the foregoing specification, the invention has 
been described with reference to specific exemplary embodi 
ments thereof. It will, however, be evident that various modi 
fications and changes may be made thereto without departing 
from the broader spirit and scope of the invention as set forth 
in the appended claims. The specification and drawings are, 
accordingly, to be regarded in an illustrative sense rather than 
a restrictive sense. 

What is claimed is: 
1. A method, comprising: 
receiving a first signal and a second signal from a user 

interface indicative of interactionata first location and at 
a second location, respectively; and 

discriminating between the first signal and the second sig 
nal corresponding to the first location and the second 
location, respectively. 

2. The method of claim 1, wherein discriminating between 
the first and second signals comprises: 

generating the first signal with a first frequency corre 
sponding to the first location; 

generating the second signal with a second frequency cor 
responding to the second location, wherein the first fre 
quency and the second frequency are different frequen 
cies; and 

measuring the first frequency and the second frequency to 
discriminate between the first and second signals. 

3. The method of claim 2, further comprising: 
applying the generated first signal to a body of a first user 

at the first location, wherein the generated first signal is 
propagated through the body of the first user to the user 
interface when the first user interacts with the user inter 
face at the first location; and 

applying the generated second signal to a body of a second 
user at the second location, wherein the generated sec 
ond signal is propagated through the body of the second 
user to the user interface when the second user interacts 
with the user interface at the second location. 

4. The method of claim 1, wherein discriminating between 
the first and second signals comprises: 

generating the first signal with a first frequency; 
generating the second signal with a second frequency, 

wherein the first frequency is the same as the second 
frequency; 

applying the first signal to a first user at the first location; 
detecting through the first user the first signal to discrimi 

nate the first signal from the second signal; 
applying the signal to a second user at the second location 

if no first signal is detected; and 
detecting through the second user the second signal to 

discriminate the second signal from the first signal. 
5. The method of claim 1, wherein discriminating between 

the first and second signals comprises: 
receiving a carrier signal having a carrier frequency; and 
demodulating the carrier signal to detect either the first 

signal or the second signal to discriminate between the 
first and second signals corresponding to the first loca 
tion and the second location, respectively. 

6. The method of claim 5, wherein discriminating between 
the first and second signals further comprises: 

generating the carrier signal having the carrier frequency at 
the first and second locations; 

modulating onto the carrier signal the first signal with a first 
frequency corresponding to the first location; and 
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modulating onto the carrier signal the second signal with a 
second frequency corresponding to the second location, 
wherein demodulating comprises demodulating the car 
rier signal to detect either the first frequency or the 
second frequency to discriminate between the first and 
Second signals. 

7. The method of claim 1, wherein discriminating between 
the first and second signals comprises: 

determining a first capacitance of a first user at the first 
location from the first signal corresponding to the first 
location; 

determining a second capacitance of a second user at the 
second location from the second signal corresponding to 
the second location; and 

discriminating between interaction of the first user and the 
second user based on the determined first and second 
capacitances. 

8. The method of claim 7, wherein discriminating between 
the first and second signals further comprises: 

measuring a first count based on the first signal, wherein 
the first count is representative of the first capacitance of 
the first user at the first location; 

measuring a second count based on the second signal, 
wherein the second count is representative of the second 
capacitance of the second user at the second location; 
and 

discriminating between interaction of the first user and the 
second user based on the measured first and second 
COuntS. 

9. The method of claim 1, further comprising: 
providing a display configured to display a first image to a 

first user in the first location and a second image to a 
second user in the second location; 

detecting a first type of interaction by the first user with the 
user interface at the first location; 

detecting a second type of interaction by the second user 
with the user interface at the second location; 

performing a first type of operation in response to detecting 
the first type of interaction at the first location; and 

performing a second type of operation in response to 
detecting the second type of interaction at the second 
location. 

10. The method of claim 1, further comprising detecting a 
presence of a conductive object on the user interface. 

11. An apparatus, comprising 
a detecting circuit configured to discriminate between a 

first signal and a second signal, wherein the first signal 
and the second signal are indicative of user interaction at 
a first location and at a second location, respectively. 

12. The apparatus of claim 11, wherein the detecting circuit 
comprises: 

a capacitance sensor configured to receive a signal repre 
sentative of the interaction with the user interface at the 
first location or at the second location; and 

a user detector circuit configured to receive the first and 
second signals and to discriminate between the first sig 
nal and the second signal corresponding to the first loca 
tion and the second location, respectively. 

13. The apparatus of claim 11, wherein the detecting circuit 
comprises a capacitance sensor configured to receive the first 
and second signals and to discriminate between the first sig 
nal and the second signal corresponding to the first location 
and the second location, respectively, wherein the first signal 
is representative of a first capacitance of a first user at the first 
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location and the second signal is representative of a second 
capacitance of a second user at the second location. 

14. The apparatus of claim 12, wherein the capacitance 
sensor comprises: 

a relaxation oscillator coupled to the user interface, 
wherein the relaxation oscillator comprises: 
a current source to provide a charge current to a plurality 

of sensor elements of the user interface; 
a selection circuit coupled to the plurality of sensor 

elements and the current source, wherein the selection 
circuit is configured to sequentially select a sensor 
element of the plurality of sensor elements to provide 
the charge current and to measure the capacitance of 
each sensor element of the user interface; 

a comparator coupled to the current source and the selec 
tion circuit, wherein the comparator is configured to 
compare a Voltage on the selected sensor element and 
a threshold Voltage; and 

a reset Switch coupled to the comparator, current source, 
and selection circuit, wherein the reset Switch is con 
figured to reset the charge current on the selected 
sensor element; and 

a digital counter coupled to the relaxation oscillator, 
wherein the digital counter is configured to count at least 
one of a frequency or a period of a relaxation oscillator 
output received from the relaxation oscillator. 

15. The apparatus of claim 12, wherein the user detector 
circuit comprises a frequency detector circuit having at least 
one of a phase locked loop (PLL) circuit or a tone detector. 

16. The apparatus of claim 11, wherein the user interface is 
at least one of a capacitance sensing device or a mechanical 
button. 

17. The apparatus of claim 11, further comprising: 
the user interface coupled to the detecting circuit, wherein 

the detecting circuit is configured to receive the first and 
second signals through the user interface; and 

a first drive circuit configured to generate the first signal 
indicative of interaction at the first location, wherein the 
first drive circuit is configured to apply the first signal to 
a body of a first user at the first location, wherein the 
detecting circuit is configured to receive the first signal 
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through the body of the first user when the first user 
interacts with the user interface at the first location. 

18. The apparatus of claim 17, further comprising a second 
drive circuit configured to generate the second signal indica 
tive of interaction at the second location, wherein the second 
drive circuit is configured to apply the second signal to a body 
of a second user at the second location, wherein the detecting 
circuit is configured to receive the second signal through the 
body of the second user when the second user interacts with 
the user interface at the second location. 

19. The apparatus of claim 17, wherein the first drive circuit 
is configured to generate a second signal indicative of inter 
action at the second location and to apply the second signal to 
a body of a second user at the second location, wherein the 
detecting circuit is configured to receive the second signal 
through the second user when the second user interacts with 
the user interface at the second location. 

20. The apparatus of claim 17, wherein the first drive circuit 
comprises: 

an oscillator, 
an amplifier coupled to the amplifier, and 
a coil coupled to the amplifier. 
21. The apparatus of claim 17, wherein the user interface, 

detection circuit, and first drive circuit are installed in a car, 
and wherein the first drive circuit is installed in a seat of the 
Ca. 

22. A method, comprising: 
providing a user interface; and 
discriminating between interaction with the user interface 

at a first location and interaction with the user interface 
at a second location. 

23. The method of claim 22, further comprising limiting 
operation of the user interface at the first location while allow 
ing interaction with the user interface at the second location. 

24. The method of claim 23, wherein limiting operation of 
the user interface comprises preventing a first type of inter 
action at the first location while allowing the first type of 
interaction at the second location. 

25. The method of claim 22, wherein the first location is a 
driver seat of a car and the second location is a passenger seat 
of the car. 


