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

(19) World Intellectual Property Organization

CORRECTED VERSION

International Bureau

(43) International Publication Date
16 December 2010 (16.12.2010)

(10) International Publication Number

WO 2010/144152 A9

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

74

31

International Patent Classification:
GO6F 3/041 (2006.01)

International Application Number:
PCT/US2010/001703

International Filing Date:
14 June 2010 (14.06.2010)

Filing Language: English
Publication Language: English
Priority Data:

61/186,792 12 June 2009 (12.06.2009) US

Applicant (for all designated States except US):
CIRQUE CORPORATION [US/US]; 2463 South 3850
West, Suite A, Salt Lake City, UT 84120 (US).

Inventors; and

Inventors/Applicants (for US ornly): HILL, Jared, C.
[US/US]; 192 Estate Way, Fruit Heights, UT 84037 (US).
WOOLLEY, Richard, D. [US/US]; 1875 North 690
East, Orem, UT 84097 (US).

Agents: O'BRYANT, David, W. et al.; Morriss O'Bryant
Compagni, P.C., 734 East 200 South, Salt Lake City, UT
84102 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

84)

AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

(48)

as)

with international search report (Art. 21(3))

Date of publication of this corrected version:
18 August 2011

Information about Correction:
see Notice of 18 August 2011

20107144152 A9 I 00 O 010 OO0

(54) Title: MULTITOUCH INPUT TO TOUCHPAD DERIVED FROM POSITIVE SLOPE DETECTION DATA

FIG. 3

o data from the touchpad.

(57) Abstract: A method for using existing touchpad hardware to detect and track multiple objects such as fingers that are in con-
tact with a touchpad, wherein the method extracts information from data that is already being collected, wherein analysis of the
data is simplified by identifying objects by only looking for a positive slopes and negative slopes to identify multiple objects in



WO 2010/144152 PCT/US2010/001703

MULTITOUCH INPUT TO TOUCHPAD DERIVED FROM POSITIVE SLOPE
DETECTION DATA

BACKGROUND OF THE INVENTION

Cross Reference to Related Applications This document

claims priority to and incorporates by reference all of the
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application docket number 4621,CIRQ.PR, having serial

e dvas G
numkber §1/186,792,

Fiaeld Of the Invention: This invention relates

generally to touchpads. UMore gspecifically,

/*

invention is & method for using data from a
detect and track multiple obiects that are touching a
surface thereof, The invention uses the data that 1is
already provided by a touchpad without having to make

5

modifications to touchpad hardware.

Description of Related Art: There are several designs

for capacitance sensitive touchpads. One of the existing

touchpad designs that can be modified to work with the

present invention is a touchpad made by
Corporation, Accordingly, it is useful to examine the
underlying techrnology to better understand how any
capacitance sensitive touchpad can be modified to work with
the present invention.

The CIRQUE® Corporation touchpad is a mubual
capacitance~sensing device and an example is iliustrated as
a block diagram in figure 1. In this touchpad 10, a grid
of X (12) and ¥ (14) electrodes and & sense electrode 16 is
used to define the touch-sensitive area 18 of the touchpad.
Typically, the touchpad 10 is a rectangular grid of

approximately 16 by 12 electrodes, or 8 by & electrodes

1
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when there are space constraints. Interlaced with these X
{12) and ¥ (14} (or row and column; electrodes is a single

ion neasurements are made
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The CIRQUE® Corporation touchpad 10 measures an
imbalance in electrical charge on the sense line 16, When

ne peinting object 1s on or in proximity To the touchpad

10, the touchpad circuitry 20 is in a bhalanced state, and
there is no charge imbalance or the sense line 16, When a

»)

pointing obiject creates imbalance because of capacitive

B

O
i

¥ touches a touch

[

o

A

coupling when the object approaches

surface (the sensing area 18 of the touchpad
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1N capaclitance occurs on the elecgtrodes 12,

measured is the change in capacitance, but not the sbsolute
- - 2 T 3 5 I - A Thy ~ 4

capacitance value on the electrodes 12, 14, The touchpad

10 determines the change in capacitance by measuring the

amount of charge that must be injected onto the sense line

I 5 i 1 9 e - - 3 [ £ ) o o . e
16 to reestablish or regain balance ¢of charge on the sense
line

M . i .. 2w L : ~vy b e o
The system above is utilized fo determine the position

£ s 3 -~ . 3 - i P S P e g I .

of a finger on or in proximity t©o a touchpad 10 as follows.

This example describes row electrodes 12, and ig repeated

in the same manner for the column electrodes 14. The

1

[#)

values obtained from the row and column electrode
measurenents determine an intersection which is the

centroid of the poilnting obkject on or in proximity to the

1
|
i e

1N

touchpad 10.

In the first step, a first set of row electrodes 12
are driven with a first signal from P, N genevator 22, and
a different bubt adjacent second set of row electrodes are
signal from the P, N generator. The
cbhbtains a value from the sense line

citance measuring device 26 that

electrode is closest to the pointing

SUBSTITUTE SHEET (RULE 26)
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cbiject. Howewver, the touchpad circunitry 20 under the

TR

cannot yet determins on

rol
which side of the row electrode

located, nor can the touchp ine just

how far the pointing cbiject is located away from the
electrode, Thus, the system shifts by one electrode the

group of electrodes 12 to be driven.

electrode on cone side of the group is
t

e side of the

driven. The new group is then driven by the P, N generator

22 and a second measurement of the sense line 16 is taken.
From these two measurements, 1t is possible to

determi

-

ne on which side of the row electrode the pointing
object is located, and how far away. Polnting obisct
position determination 1s then performed by using an

equation that compares the magnitude ¢f the two signals

The sensitivity or resolution of the CIRQU
Corporation touchpad is much hicgher than the 16 by 12 grid
of row and column electrodes implie The resolution is
typically on the order of 960 counts per inch, or greater.
The exact resclution is determined by the sensitivity of
the components, the spacing between the electrodes 12, 14
on the same rows and columns, and other factors that are
not material to the present invention,

The process above i1s repeated for the Y or column
electrodes 14 using a P, M generator 24

Although the CIRQUE® touchpad described above uses a

:LJ
<
[x3

grid of ¥ and Y electrodes 12, 14 and a separate and single
sense electrode 16, the sense electrode can actually be the
¥ oor ¥ electrodes 12, 14 by using multiplexing. Either

design will enable the present invention to function,

The underlying technology for the CIRQUE® Corporatior

touchpad is based on capacitive sensors. However, other

3
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touchpad technologies can also be used for the present

invention. These other proximity-sensitive and touch-

gsensitive touchpad technologies include electromagnetic,
inductive, pressure sensing, electreostatic, ultrasonic,

cptical, resistive membrane, semi-conductive membrans or

cther finger nsive Technelogy.
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The prior art includes a description of a touchpad
that is already capable of the detecticn and tracking of
multiple objects on a touchpad. This prior art patent
teaches and claims that the touchpad detects and tracks
individual objects anywhere on the touchpad. The patent

DN 1 e A Y Y - . IR Tm o v b T g . - 0
describes a system whereby objects appear as a “maxima” on

D

a curve. Conseguently, there is also a “minima” which 1s a

i

low segment of the curve where there is no detection of an.
Figure 2 is a graph illiustrating the concept of a first
maxima 320, a minima and a second maxima 34 that 1s the
result of the detection of two objects on a touchpad.

It wounld be an advantage over the prior art to provide

a and tracking method that does not reguire
the svstenm to determine how many ohjects are on the

touchpad surface, and vet still he capable of tracking

BRIEF SUMMARY OF THE INVENTION
In a first embodiment, the present invention is a
method for using existing touchpad hardware to detect and
track multiple objects such as fingers that are in contact

method extracts information

3
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with a touchpad, wherein

from data that is already being collected, wherein analysis

=

S

of the data is simplified by identifying ocbiects by only

( ]
e
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looking for a positive slopes and negative slopes
identify muitiple objects in data from the touchpad.
iects, features, advantages and

These and other ob-

1
|
i

alternative aspects of the present invention will become

4
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t to those skilled in the art from a consideration
of the following detalled description taken in combination
with the accompanying drawings.

i

BRIEF DESCRIPTION OF THE SEVERAL VIEWE OF THE DRAWINGS

O
“h
Q

Figure 1 1s a klock ST A

q
i
Q

K

peration of a2 first

und in the prior art,

T
o
1

h

o

embodiment of a touchpad that

=

/f

and which is adaptakle for use in the present invention,
Figure 2 1s a greph from the prior art that shows

having te identify a maxima for each

O

biject detected and an
intervening minima.

Figure 3 1s a graph that shows what types of
measurenents qualify as pesitive slopes and negative slopes
to identify the presence but not the lecation of multiple

fingers.

DETAILED DESCRIPTION COF THE INVENTION

Reference will now be made fo the drawings in which

A

the v

‘:D

1ricus elements of the present invention will be giver

E

-

numerical designations and in which fhe invention will be
discussed so as to enable one skilled in the art to make

and use the invention. It is to bhe understood that the

following description is only exemplary of the principles
of the present invention, and should not be viewed as
narrowing the claims which follow,

Figure 3 1s a graph that shows data points collected
from a touchpad operating using a first embodiment of the
present invention. The system requires that one X

ectrode and one Y electrode be removed from the set of

ectrodes being used to collect data from the touchpad.
These two elecitrodes are then tied to ground through a
capacitor. FElectrodes ave then driven and balanced against

these electrodes coupled to the capacitor to ground. When

5
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influsnce that

electrode. When a

hpad and the electrode bel

on a touc over

ng

1 on that electrode will be driven

signal

1t, the more positive the signal on that electrode will be.
Figure 3 1g an example of a graph showing a signal on
e¢ach of the electrodes on the X axis that i1s caused by two
cbjects being present on a surface therecof. The Cirque
controller IC has sixzteen electrodes and twelve Y
electrodes. Taking one electrode away from each axis o
act as the reference cgainst which the other electrodes are

measured or balanced leaves [ifteen X electrodes and eleven
Y electrodes for taking measurements on the touchpad.

It should be understood that the number of ¥ and ¥
electrodes is arbitrary and can vary accerding to the
controller being used to take measurements. This
ezample of fifteen ¥ electrodes being available for
measurements 1s an exzample only and should not be

~

considered as a 1
A fing 18

inventio the el
touchpad to the o

assume for this e

right.

T
18]
40

order f

Ypositive slope”

the positive

or

slope

imiting factor

of © en
b oy 4 PR R | i .
present on the touchpad with the center of

ated by point 44, In the present

ectrodes are scanned from one side of the
ther. The decision is arbitraryv. We will
xample that scanning is from left to

a measurement to be considered a
that indicates the presence of a finger,

must be present, and the measurement

must be greater than some selected “threshold” value. The
threshold value is indicated on this graph as threshold
value T 4Z, For the slope to be considered a positive one,
the magnitude of the rise in signal strength must be at
least two predetermined threshoid units,

6
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The threshold value T 42 is shown as a matter of

neise in all touchpad systems. Howaver, 1t may he
nacegsary to callbrate a system to account for the noise

inherent in different touchpad systems, and thereby adjust

electrode is greater than the signal on the first ¥

electrode, and that there is a rise 1n signal strength of
at least two thresheld units., In this case, there is a
rise of four threshold units, and thus there is a positive
slope because we are measuring from left to right,
Furthermore, the measurement 46 ex¢eeds the threshold value

T ks L. ) 5 AT - . .
T 42. This indicates the presence of a finger, without

O
i
&

o C o
ever having to identifv any maxima that are indicative

Iin the present invention, a slope counter is used To

=

- 1 R EED 7 ey 4 3 -~ \ -~ 3 P
track positive slopes which exceed the threshold value

. . o o o 4 e
42, The threshold counter iz therefore incremented to

jei]

Once a positive slope that excesds the threshold value
T 42 has been identified, the system now tries to identify
a sufficiently large negative slope, still proceeding from
left to right, that would indicate that an edge of the
finger has been resached, The first sufficiently largs

is ddentified by the measurement 44,

In this example, a negative slope that is sufficiently
large to indicate that the edge of a finger has been
reached uses different criteria. Specifically, there only
needs to be a decrease of one threshold unit. After

finding the negative slope, the system again looks for

)

e
[
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ancther positive slope and decremsnts the threshold counter

to a value of “07. 7The first positive slope at measursment

U
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a positive slope because it does

net pass the thresheld value T 4%
use it changes by at
least two threshold units, and it exceeds the Threshold

4

value T 42, and thus is identified as ancther fingsr. The

’l
i

thresheld counter 1s again ted te a value of ™17,
It is important Lo recognize that maximums and

minimums of signal strength have never been identified, but

.
oy
Q
-t
o
2
[}
ot

only positive and negative siopes from data lways

t
been collected from the touchpad hardware. Aanother point

to note is that no actual location of any finger has beer
4 a4 ~ ] i) I § i v N e .
identified either. The presence of fingers has been

identified, but not their locations.
It was noted that as a practical matter of

ntation, the present invention also regquires that

slope measurement 46 rises from T-3 to T 42. The second
positive s
limitation of the system is useful for circumstances where
a finger may be “fat” or rollied on its side. Such a
placement of & finger can result in measurement 54,
Because measurement 54 did not rise at least two
predetermined threshold units, it is not considered a

parate finger even

T
:
(4
v
’_.
—
=
O
o
|
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N
Le!
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ot
ik
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s
¢
i
q
=
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l.../
s
0

though the negative slope measurement 56 has been measured.

The actual value of “threshold units” can be

determined later, and should nob be considered to be a

nvention. Wnhat is

&}
b

©
W
v
it
-

ot
l_J

limiting factor of the
important is that the methodology of how to determine the

presence of fingers be identified,
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determination
a glgnal is a

.l

rhreshold uni
CAresnola uni

It shoul

rements

he generate

an he measur
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feature of the present invention is a
of the strength of a signal. The strength of

functicn of the number of predetermined
ts that the positive slope has risen.

T\

apperent

ed nsing the X electr

d be of Tingers

odes, The sane

taken from

and same information can he

of the Y electrodes, Thus, a

graph can also

which shows th measurements on Y electrodes

will alsc show tThe presence of the fingers that were und
on the X electrodes. When the logation of fingers is not

being determi

then that

info

ned but

rmati

on

electrodes.

It 18 to be understood that the ahove-described
arrangements are only illustrative of the application of
the principles of the present invention. Numerous
modifications and alternative arrangements may be devised

by those skil
spirit and sc
claims are in

faay
by

-

the art without departing from th

ope of the present invention. The appended
tended to cover such modifications and

9
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What iz claimed is:
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1. A method for determining the number of cbjects that
are present on a touch sensitive surface, said method
comprised of the steps of:

1) providing a plurality of parallel X electrodes
diszpesed on a first leyer of a substantieally transparent

v

dispesed on a second layer of the substrate, wherein The Y
electrodes are co-planar with and orthogenal to the X
electrodes;

2) measuring a signal on each of the plurality of X
electrodes, proceeding from a first side of the ¥
electrodes to an opposite second side;s

2 analyzing the measurements in ovder to identify
objects by determining if any two measurements of adjacent
X electrodes show a positive slope in signal strength that
is sufficiently large, and which passes &
threshold value to above the threshold value, 80 as to

ndicate the presence of a conductive object:

49 analyzing the measurements in order to identify a
negative slope after the positive slope; and

5) repeating steps 3} and 4} for each conductive
obiject identified on the touch sensitive surface while
moving towards the second side.

2, The method defined in c¢ialm 1 wherein the step of
finding a positive slope further compris the steps of:

1) satting a threshoid value for signal strength;

2 setting a threshoid unit

3 assigning a pos to be a measursment of
signal strength of two ads des, wherein the
signal strength must rise threghold value to

above the threshold value, and

10
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3. e method asg defined in claim wherein the

setting a threshold value is further comprised of the step

[&]

h
5]

[6a)

:lecting a thresheld value that is generally above a

nelse level of the touch sensitive surface.
4. The method as defined in c¢laim Z wherein the step of
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the positive slope further
comprises the step of assigning the negative slops to be a
measurement of signal strength of two adjacent electrodes,

wherein the signal strength must fall at least one

threshold unit.
o ™ . Y y - I £ Io4 TS f R ;
5. The method as defined in claim Z wherein the method

further comprises the step of determining a signal sitrength
for the conductive cbject, wherein the method comprises the
step of determining the total rise in threshold units when

a positive slope is detected,

0. The method as defined in c¢laim 2 whevrein the method
further comprises the step of using a threshold counter to

determine the total number of c¢biects that are on the touch

sensitive surface, wherein the method comprises the steps

1y incrementing the threshold counter when analysis
shows that a positive slope has bean measured; and

2} decrementing the thresheld counter when analysis
shows that a negative slope has bean measured, and
assigning the total number of obijects on the touch
sensitive surface to be the number of times that the

threshold counter is incremented.

11
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7. The method as defined in claim 2 wherein the step of
determining if any twoe measurements of adjacent ¥
electrodes show a positive slope in signal strength further
comprises the steps of:

1) comparing a measurement of signal strength of a

1f the cha
negative g

2)

7
F4s

and a second elactrode and detarmining

nge in signal strength ls a positive or a
lope; and

comparing a measurement strength of a

next set of ¥ electrodes and determining if the change in
signal strength is a positive or a negative slope until all
of the sets of X electrodes are compared.

8. A method for determining the number of objects that
are prese on & touch sensitive surface, said method
ceomprised of the steps of:

iy providing a plurality of parallel ¥ electrodes
disposed on a first lever of a substantially transparent
substrate, and & plurality of parallel
disposed on a second layer of the substrate, wherein the X
electrodes are co-planar with and orthegonal to the Y
electrodes;

2) measuring a signal on each of the plurality of ¥
electrodes, proceeding from a first side of the Y
electrodes to an opposite second side;

3 analyzing the measurements in ovder bo identify
obdjects by determining if any two measurements of adjacent
Y electrodes show a positive slope in signal strength that
is sufficiently large, and which passes from below a
threshold value to above the thresheld value, so as to
indicate the presence of a conductive obiject;

4) analyzing the measurements in order to identify a

i
>

negative

SLO

7 PR N N S JR.
ve after the sitive and

\L

jole slope;

12
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5} repeating steps 3 and 4) for each conductive
cbiject identified on the touch sensitive face while
moving towards the second side.

9. The nmethod as defined in claim § wherein the step of
finding a positi slope further comprises the steps of:

i) gsetting a threshold value for signal strangth;

e
<

n

“

signal s

)

nal s

9
sig

n

A

t

above
measured

unita.

meas
threshol

ne

Ful - .

further
for the
step of

surement

agsigning a

©Os ive [eRs Q1
trength of twe adjacent electrodes, wherein the
trength must rise from below the threshold wvalue to

e threshold wvalue, and wherein the total change in
signal strength nust be at least two threshold
method as defined in claim 9 wherein the step of

a threshold vealue is further comprised of the step

ting & threshold value that is generally above a

vel of the touch
method as defined in claim 9 wherein the step of

a negative slope after the positive sliope further

s the step of assigning the negative slope to be a

of signal strength of two adjacent electrodes,

the signal strength mu fall at least one

] L_

a4 it

Ul

method defined in ciaim 9 wherein the mathod
comprises the step of determining a signal strength

conductive obiject, wherein the method comprises the

determining the total rise in threshold units when
ve siope is detected.

13
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3

in claim 9 wherein the method

O
(]

of using a

the total numbe g

of object

gsensitive surface, wherein the method comprises the steps
of

1) incrementing the threshold counter when analysis
shows That a positive slope has been measured; and

2}

/

decremanting the threshold

unter when analysis

shows That a negative slope has been measured, and
assigning the total number of obijects on the touch

sengitive surface to be the nunber of fimes that the
threshold counter is incremented,
14. The method as defined in claim 9 wherein the step of
determining 1f any Lwo measurements of adjacent Y
electrodes show a positive slope in signal strength further
comprises the steps of:

iy comparing a measurement of signal strength of a

first Y elactrode and a second Y electrode and determining
if the change in signal strencgth is a positive or a
negative slope; and

comparing a measurement

.
O O

of signal strength a

next set of Y electrodes and determining if the change in
signal strencth 1s a positive or a negative slope uvntil all
of the sets of Y electrodes are compared.

14
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FIG. 2
(PRIOR ART)
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