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HIGH RESOLUTION NON-GHOSTED GESTURES

BACKGROUND OF THE INVENTION

Cross Reference to Related Applications This document

claims priority to and incorporates by reference all of the
subject matter included in the provisional patent application
docket number 5019.CIRQ.PR, having serial number 61/521,470,
filed August 9, 2011.

Field Of the Invention: This invention relates generally

to touchpad technology. More specifically, the present
invention enables the use of multi-finger gestures where the
exact absolute position of fingers does not need to be known

in order to perform the gesture.

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 CIRQUE® Corporation.
Accordingly, it is useful to examine the underlying technology
to better understand how any capacitance sensitive touchpad
can be modified to work with the present invention.

The CIRQUE® Corporation touchpad is a mutual capacitance-
sensing device and an example is illustrated as a block
diagram in figure 1. In this touchpad 10, a grid of X (12)
and Y (14) electrodes and a 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 6 electrodes when
there are space constraints. Interlaced with these X (12) and
Y (14) (or row and column) electrodes is a single sense
electrode 16. All position measurements are made through the

sense electrode 16.
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The CIRQUE® Corporation touchpad 10 measures an imbalance
in electrical charge on the sense line 16. When no pointing
object is on or in proximity to the touchpad 10, the touchpad
circuitry 20 is in a balanced state, and there is no charge

5 imbalance on the sense line 16. When a pointing object
creates imbalance because of capacitive coupling when the
object approaches or touches a touch surface (the sensing area
18 of the touchpad 10), a change in capacitance occurs on the
electrodes 12, 14. What is measured is the change in

10 capacitance, but not the absolute 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 16 to reestablish or regain
balance of charge on the sense line.

15 The system above is utilized to determine the position of
a finger on or in proximity to a touchpad 10 as follows. This
example describes row electrodes 12, and is repeated in the
same manner for the column electrodes 14. The values obtained
from the row and column electrode measurements determine an

20  intersection which is the centroid of the pointing object on
or in proximity to the touchpad 10.

In the first step, a first set of row electrodes 12 are
driven with a first signal from P, N generator 22, and a
different but adjacent second set of row electrodes are driven

25 with a second signal from the P, N generator. The touchpad
circuitry 20 obtains a value from the sense line 16 using a
mutual capacitance measuring device 26 that indicates which
row electrode is closest to the pointing object. However, the
touchpad circuitry 20 under the control of some

30 microcontroller 28 cannot yet determine on which side of the
row electrode the pointing object is located, nor can the
touchpad circuitry 20 determine just how far the pointing
object is located away from the electrode. Thus, the system

shifts by one electrode the group of electrodes 12 to be
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driven. In other words, the electrode on one gide of the
group is added, while the electrode on the opposite side of
the group is no longer 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, it is possible to determine
on which side of the row electrode the pointing object is
located, and how far away. Pointing object position
determination is then performed by using an equation that
compares the magnitude of the two signals measured.

The sensitivity or resolution of the CIRQUE® Corporation
touchpad is much higher than the 16 by 12 grid of row and
column electrodes implies. The resolution is typically on the
order of 960 counts per inch, or greater. The exact
resolution 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 is repeated for the Y or column
electrodes 14 using a P, N generator 24

Although the CIRQUE® touchpad described above uses a grid
of X and Y electrodes 12, 14 and a separate and single sense
electrode 16, the sense electrode can actually be the X or Y
electrodes 12, 14 by using multiplexing. Either design will

enable the present invention to function.

BRIEF SUMMARY OF THE INVENTION
In a preferred embodiment, the present invention is a
method of performing a two-finger gesture when the absolute
position of the fingers does not need to be known in order to
perform the gesture, wherein de-ghosting of results from a
touch sensor that gives a false position and a real position
for each actual finger on the touch sensor is performed by

finding a strongest signal when performing a short aperture
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measurement from one side of the touch sensor so that the
direction of a rotation gesture can be determined, and wherein
flick and pinch gestures can all be calculated using de-
ghosted weighted average and weighted absolute deviation
calculations.

These and other objects, features, advantages and
alternative aspects of the present invention will become
apparent to those skilled in the art from a consideration of
the following detailed description taken in combination with

the accompanying drawings.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

Figure 1 is a block diagram of the components of a
capacitance-sensitive touchpad as made by CIRQUE® Corporation
and which can be operated in accordance with the principles of
the present invention.

Figure 2 shows the Ghosting that occurs when using the
measurement system as described in pending U.S. Patent
application serial number 12/855,545.

Figure 3 shows de-ghosted measurements (short aperture)
using the method of the present invention.

Figure 4 is a graph showing integrated current graphed as
a function of time from short and long aperture measurements.

Figure 5 is a graph showing the concept of a weighted
average.

Figure 6 is a graph showing the concept of a weighted

absolute deviation.

DETAILED DESCRIPTION OF THE INVENTION
Reference will now be made to the drawings in which the
various elements of the present invention will be given
numerical designations and in which the invention will be
discussed so as to enable one skilled in the art to make and

use the invention. It is to be understood that the following
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description is only exemplary of the principles of the present
invention, and should not be viewed as narrowing the claims
which follow. It should alsc be understood that the terms
“touch sensor”, “touchpad”, “touchscreen”, “touch input
device” and “touch sensitive device” may be used
interchangeably throughout this document.

The measurements used in tracking multi-finger gestures
can come from single-ended axis measurements from 1) CIRQUE®
Corporation touchpad circuitry or 2) from balanced
measurements described in pending U.S. Patent Application
serial number 12/855,545. However, these methods result in a
ghosted image when multiple fingers are in contact with the
touchpad.

Accordingly, the purpose of the present invention is to
enable the user to perform non-ghosted gestures including
flick, pinch and rotate. The present invention assumes that
at least two fingers are present to perform the gestures to be
described. The method of the present invention is well suited
for applications where high resolution gestures without
ghosting is desirable, and the absolute position of the each
finger is not important to performance and recognition of the
gesture. In other words, it is not necessary to know
precisely where the fingers are located as long as the
distance between the fingers may be known, and the position of
the fingers is known relative to each other.

For this document, a flick gesture is defined as at least
two fingers being rapidly moved together in the same direction
in a light, sharp, jerky stroke or movement, a pinch is the
bringing together or moving apart of two fingers, and a rotate
is movement of at least two fingers around a common center.

One of the steps that may be performed by the present
invention is the de-ghosting of the touchpad. Because of the
nature of how mutual capacitance touchpads take measurements,

when multiple fingers are on a touchpad, each finger can
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appear to be located in one of two different positions, or a
real and a false position. The present invention provides a
simple and quick method for determining the actual or real
positions of the fingers 42. If the actual positions are
known, then the rotate gesture can be performed.

Figure 2 shows the ghosting effect that occurs when using
the measurement system as described in pending U.S. Patent
application serial number 12/855,545. As shown in figure 2,
there are four possible locations for the two fingers 30, 32.
These locations are positions 42, 44, 46, 48. This is because
the graphs 50 and 52 each show the presence of two fingers at
70, 72, 74 and 76. While visually the actual locations 42, 48
of the fingers 30, 32 are known, the graphs 50, 52 show that
the fingers could also be located at positions 44 and 46.

This is known as the phenomenon of ghosting.

The step of de-ghosting is performed in order to execute
the function of rotation. However, it should be understood
that the de-ghosting process can benefit any multi-finger
gesture that can be performed. Regarding the rotation
function, the direction of rotation can only be performed if
the slope of the real fingers can be determined.

In the present invention, de-ghosting is based on
determining which of two possible finger positions is real and
which is false by analyzing results of a signal that is placed
on the electrodes from one side of the touchpad 40. Any edge
of the touchpad 40 can be selected for the method. The right
edge of the touchpad 40 will be used in the example to follow.

In figure 3, the nearest actual finger to the right side
of the touchpad 40 is either at position 42 or 44. The
present invention uses a short aperture and a long aperture
measurement, or just a short aperture measurement, to
determine which of the finger positions is false and which is

real.
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The graphs 50 and 52 in figure 3 are indicative of the
strongest signal using whatever measurement system is selected
for determining which of the apparent finger positions are
real and which are false. Therefore, the graphs 50 and 52 do
not specify a specific measurement method that can be used to
determine which finger positions are real. However, it is
accurate to simplify the results as showing a strong signal
for the real position and a weak signal for the false
position. The strongest signal in graph 50 is at position 74,
and the strongest signal at graph 52 is at position 72.

Consider figure 4 which shows a graph of current
integrated as a function of time. A signal is applied from
the right edge of the touchpad 40 at time Tl and the current
is measured at time T2 and at time T3. Time T2 is the short
aperture measurement, and time T3 represents the long aperture
measurement. When the signal is first applied to the touchpad
40, the current initially rises rapidly and then levels off as
the functional equivalent of a capacitor is charged. However,
the rate at which the capacitor is charged is a function of
the distance of a finger from the right edge of the touchpad
40.

Consider the finger 42 and a signal, such as a square
wave, being applied from the right edge of the touchpad 40.

If the distance between the finger 42 and the right edge of
the touchpad 40 is relatively small, then the integrated
current rises rapidly because the resistance from the right
edge of the touchpad 40 to the finger 42 is relatively small.
The curve 60 represents the integrated current at finger 30.
The curve 60 can be characterized as a strong signal that can
be shown by the graph 50 at position 72. Notice that the
integrated current is almost the same at time T2 and time T3.
This is representative of the distance to finger 30 from the

right edge of the touchpad 40 being relatively short.
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Next, consider curve 62. There is no finger at position
44 because it is actually at position 48. The curve 62 is the
resulting integrated current curve for the finger 32 from the
right edge of the touchpad 40, and can be characterized as a

5 weak signal as indicated by the graph 50 at position 70. The
curve 62 is flattened compared to curve 60, reflecting the
increased resistance between the right edge of the touchpad 40
and the finger 32.

The short and large aperture measurements indicate that

10 there is no finger at position 44, and the closest finger to
the right edge is at position 42.

The same short and large aperture measurements and
integration of current may also be performed from the left,
the top or the bottom side or edges of the touchpad 40.

15 However, it should be apparent that this measurement does not
have to be performed because the single measurement from only
one edge of the touchpad 40 has already indicated the actual
positions of the fingers 30, 32.

It should be understood that the touchpad 40 has a first

20 electrode axis which is orthogonal to but co-planar with a
second electrode axis, wherein each of the electrode axes are
comprised of a plurality of parallel electrodes, wherein one
axls functions as drive electrodes while the other axis
functions as sense electrodes, and wherein thege functions are

25 interchangeable. The set of parallel electrodes that are
driven with a signal to perform the de-ghosting process are
the set that are pointed at the side from which a signal is
driven.

With the de-ghosted actual positions of the fingers 30,

30 32 now determined, the calculations necessary for executing
the desired gestures can now be performed.

The first step is to determine a weighted average for the
fingers 30, 32 on the touchpad 40. The weighted average is a

calculation that is well known to those skilled in the art.
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Figure 5 is a graph 64 that illustrates the meaning of the
weighted average. The locations of the two fingers 30, 32 are
on the electrodes 2 and 4. This example is for illustration
purposes only, and is not limiting to actual electrodes or the

5 spacing between them, or any prior examples. The weighted
average will give a value of the 3 as expected. For the set
of axis measurements, x(i) = {x(1), x(2), x(3)m}, where (i) is
the number of the electrode, the weighted average is
calculated as W{Avg}{x)= % * Fiwx(i).

10 The next step is to calculate the weighted absolute
deviation (WAD). Figure 6 is a graph 66 that illustrates the
meaning of the weighted absolute deviation. For the set of
axis measurements x (i) = {x(1), x(2), x(3)..}, where (i) is the

number of the electrode, the weighted absolute deviation is
15 calculated as WAD(x)=%* i —W(Avg)l*x{{}. The weighted

absolute deviation from the weighted average of the X and Y

axis measurements are used to determine approximate finger

separation with a high degree of precision. The weighted

average and the weighted absolute deviation may be used in all
20 of the gesture calculations as explained below.

The following assumptions should be made when performing
the gestures to be described. M1X and M2X are the set of two
successive X axis measurements. M1Y and M2Y are the set of
two successive Y axis measurements. M3X and M3Y are

25 subsequent short aperture measurements. Position(X or Y) can

range from (0,0) to (XMax, YMax). Flick(X or Y) can range

from (-XMax, -YMax) to (XMax, YMax). Pinch(X or Y) can range
from (0,0) to (XMax, YMax). Rotate = -90 degrees to 90
degrees.

30 The following equations are used for the following

gestures for the fingers 30, 32:

PositionX = MaxX * W(Avg) (M1X)
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PositionY = Max¥ * W(Avg) (M1Y)

FlickX = MaxX * (W{(Avg) (M2X) - W(Avg) (M1X))

FlickY = MaxY * (W(Avg) (M2Y) - W(Avg) (M1Y))

PinchX = MaxX * WAD (M1X)

PinchY = MaxyY * WAD(M1Y)

Rotate = InverseTangent (SlopePN * WAD(M1Y)/WAD(M1X)),
Where SlopePN = +1 when W(Avg) (M3X) < W(Avg) (M1X),

otherwise SlopePN = -1

It should now be apparent that the short and long
aperture measurements or just a short aperture measurement
quickly determines the slope of the fingers as well as which
finger positions are real and which are false, thereby
providing the slope data needed to determine the direction of
rotation of the fingers.

In an alternative embodiment, the finger locations can be
determined based upon a width calculation.

One XY touchpad measurement algorithm generates an XY
array of results which vary in magnitude according to the
amount of finger presence near the corresponding XY grid
location. In such a system, the location of a single touch
can be computed as a weighted average. Each result is
weighted by the distance from some arbitrarily determined
origin, such as the corner of a touchpad. All such weighted
results are summed, then this sum is divided by the sum of the
results. This gives a position for a finger that is
independent of touch strength.

When two touches or fingers are present, the algorithm
above can still be used, but it still returns one position,
which is the average position of the two fingers. The actual
positions of the two fingers can be determined with an
additional calculation. Weighted averages are recalculated,
but this time, the results are weighted according to the

distance from the average location that was determined above.
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This result gives a measure of how wide the position is.
Specifically, results near the average position contribute a
small amount to the width, and results far from the average
position contribute a large amount to the width calculation.
Finally, the two positions can be determined as being at the
average position plus and minus half the width. A small width
indicates that the touch is only a single finger. Conversely,
a two finger touch results in a larger width.

It should be understood that in the description above,
distances, including width and positions, all have both an X
and a Y component.

It is to be understood that the above-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 skilled
in the art without departing from the spirit and scope of the
present invention. The appended claims are intended to cover

such modifications and arrangements.

11
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CLAIMS

What is claimed 1is:

1. A method for performing a two-finger gesture on a touch
sensor, saild method comprising:

i) providing a touch sensor that suffers from the
effect of ghosting that provides a false position and a real
position for each actual finger on the touch sensor;

2) performing a de-ghosting operation to distinguish
between the false position and the real position for each
finger on the touch sensor, said de-ghosting operation
comprised of:

a. performing a short aperture measurement from a
first edge of the touch sensor;

b. selecting the real position of the finger as the
strongest signal from the short aperture measurement; and

3) performing a two-finger gesture using the real

position for each finger on the touch sensor.

2. The method as defined in claim 1 wherein the method
further comprises providing a touch sensor having a first
electrode axis which is orthogonal to but co-planar with a
second electrode axis, wherein each of the electrode axes are
comprised of a plurality of parallel electrodes, wherein one
axis functions as drive electrodes while the other axis
functions as sense electrodes, and wherein these functions are

interchangeable.

3. The method as defined in claim 1 wherein the method
further comprises:

1) performing a short aperture measurement and along
aperture measurement from the first edge of the touch sensor;

and

12
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2) selecting the real position of the finger as the
strongest signal from the short aperture measurement and the

long aperture measurement;

4. The method as defined in claim 1 wherein the method
further comprises calculating an integrated current curve for
each signal coming from the first edge of the touch sensor,
and selecting the curve with the highest curve as the

strongest signal.

5. The method as defined in claim 1 wherein the method
further comprises selecting the two-finger gesture from the
group of two-fingers gestures comprised of flick, pinch and

rotate.

6. The method as defined in claim 5 wherein the method
further comprises performing the two-finger gestures by
calculating the weighted average and the weighted absolute
deviation, wherein the weighted average is calculated by the
equation:

Wﬂﬂwg)bj==iﬁ Yi#=x(i), where (i) is the number of the
electrode, and wherein the weighted absolute deviation is

calculated by the equation:
LVAD(X)==%* Y- W(Avg)| *2({), where (i) is the number of

the electrode.

7. The method as defined in claim 6 wherein the method

further comprises performing a flick gesture using the

equations:
FlickX = MaxX * (W(Avg) (M2X) - W(Avg) (M1X))
FlickY = MaxY * (W(Avg) (M2Y) - W(Avg) (M1Y))

13
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wherein M1X and M2X are a set of two successive X axis
measurements, and M1lY and M2Y are the set of two successive Y

axls measurements.

8. The method as defined in claim 6 wherein the method
further comprises performing a pinch gesture using the
equations:

PinchX = MaxX * WAD (M1X)

PinchY = MaxY * WAD(M1Y)
wherein M1X and M2X are a set of two successive X axis
measurements, and M1Y and M2Y are the set of two successive Y

axis measurements.

9. The method as defined in claim 6 wherein the method
further comprises performing a rotate gesture using the
equation:

Rotate = InverseTangent (SlopePN * WAD(M1Y) /WAD(M1X)),

where SlopePN = +1 when W(Avg) (M3X) <« W(Avg) (M1X), otherwise
SlopePN = -1 for all other results, wherein M1X and M2X are a
set of two successive X axis measurements, M1Y and M2Y are the
set of two successive Y axis measurements, and wherein M3X and

M3Y are subsequent short aperture measurements.

10. The method as defined in claim 6 wherein the method
further comprises performing a position determination of each
finger using the equations:

PositionX = MaxX * W(Avg) (M1X)

PositionY = MaxY * W(Avg) (M1Y)
wherein M1X and M2X are a set of two successive X axis
measurements, and M1Y and M2Y are the set of two successive Y

axlis measurements.

14
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11. A method for determining the location of at least two
objects on a touch sensor when there is a ghost effect, said
method comprising:

1) providing a touch sensor that suffers from the
effect of ghosting that provides a false position and a real
position for each actual finger on the touch sensor;

2) performing a short aperture measurement from a first
edge of the touch sensor; and

3) selecting the real position of the finger as the

strongest signal from the short aperture measurement.

12. The method as defined in claim 11 wherein the method
further comprises performing a two-finger gesture using the

real position for each finger on the touch sensor.

13. The method as defined in claim 12 wherein the method
further comprises providing a touch sensor having a first
electrode axis which is orthogonal to but co-planar with a
second electrode axis, wherein each of the electrode axes are
comprised of a plurality of parallel electrodes, wherein one
axis functions as drive electrodes while the other axis
functions as sense electrodes, and wherein these functions are

interchangeable.

14. The method as defined in claim 12 wherein the method
further comprises:

1) performing a short aperture measurement and along
aperture measurement from the first edge of the touch sensor;
and

2) selecting the real position of the finger as the
strongest signal from the short aperture measurement and the

long aperture measurement.
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15. The method as defined in claim 12 wherein the method
further comprises calculating an integrated current curve for
each signal coming from the first edge of the touch sensor,
and selecting the curve with the highest curve as the
strongest signal.

16. The method as defined in claim 12 wherein the method
further comprises selecting the two-finger gesture from the
group of two-fingers gestures comprised of flick, pinch and

rotate.

17. The method as defined in claim 16 wherein the method
further comprises performing the two-finger gestures by
calculating the weighted average and the weighted absolute
deviation, wherein the weighted average is calculated by the
equation:

MﬁAvg)ﬁﬁ==%@ Zi=x{i), where (i) is the number of the
electrode, and wherein the weighted absolute deviation is
calculated by the equation:

PKAD[%)==§% Zli = W{Avg)l = x{{), where (i) is the number of

the electrode.

18. The method as defined in claim 17 wherein the method

further comprises performing a flick gesture using the

equations:
FlickX = MaxX * (W(Avg) (M2X) - W(Avg) (M1X))
FlickY = MaxY * (W(Avg) (M2Y) - W(Avg) (M1Y))

wherein M1X and M2X are a set of two successive X axis
measurements, and M1Y and M2Y are the set of two successive Y

axls measurements.
19. The method as defined in claim 17 wherein the method

further comprises performing a pinch gesture using the

equations:

16
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PinchX = MaxX * WAD (M1X)

PinchY = Max¥ * WAD (M1Y)
wherein M1X and M2X are a set of two successive X axis
measurements, and M1Y and M2Y are the gset of two successive Y

axis measurements.

20. The method as defined in claim 17 wherein the method
further comprises performing a rotate gesture using the
equation:

Rotate = InverseTangent (SlopePN * WAD (M1Y)/WAD(M1X)),

where SlopePN = +1 when W(Avg) (M3X) < W(Avg) (M1X), otherwise
SlopePN = -1 for all other results, wherein M1X and M2X are a
set of two succesgive X axis measurements, M1Y and M2Y are the
set of two successive Y axis measurements, and wherein M3X and

M3Y are subsequent short aperture measurements.

21. The method as defined in claim 17 wherein the method
further comprises performing a position determination of each
finger using the equations:

PositionX = MaxX * W(Avg) (M1X)

PositionY = Max¥Y * W(Avg) (M1Y)
wherein M1X and M2X are a set of two guccessive X axis
measurements, and M1Y and M2Y are the set of two successive Y

axls measurements.

17



WO 2013/023082 PCT/US2012/050182

1/4

10

X,
SENSE
18
. \16
Xy
12"
14
Y, Yl\/
i /—24
26"
/‘20
| |
| 28
FIG. 1
(PRIOR ART)

SUBSTITUTE SHEET (RULE 26)



WO 2013/023082 PCT/US2012/050182

2/4
48
52
A 2T~ /_—44
32—1(] |) VT 70
A \T
L m [ 42
I, . 7]
{H)EEI(EE 72
.7 T <N——V [ 30
wo—"
46
76 74 50
FIG. 2
48
|1 44
A 20T o
N AT S 5
L ] 42
I/ “ /7]
{H)EE{EE! 72
.7_ + NV 30
46— |
52
50 76 74
FIG. 3

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/050182

WO 2013/023082

3/4

FIG. 4

SUBSTITUTE SHEET (RULE 26)



WO 2013/023082 PCT/US2012/050182

4/4

30 32

Y §
\

FIG. 6

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2012/050182

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - GOBF 3/045 (2012.01)
USPC - 345/174

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC(8) - GO6F 3/041, 3/042, 3/043, 3/045 (2012.01)
USPC - 345/156, 173, 174, 178

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

MicroPatent, Google Scholar

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

US 2011/0148796 A1 (HOLLEMANS et al) 23 June 2011 (23.06.2011) entire document

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2011/0037724 A1 (PAULSEN et al) 17 February 2011 (1‘7.02.2011) entire document 1-21

Y US 2010/0328253 A1 (PAULSEN et al) 30 December 2010 (30.12.2010) entire document 1-21

Y US 5,825,352 A (BISSET et al) 20 October 1998 (20.10.1998) entire document 4 and 15

Y US 2009/0251439 A1 (WESTERMAN et al) 08 October 2009 (08.10.2009) entire document 6-10, 17-21

Y 8and 19

D Further documents are listed in the continuation of Box C.

[

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the apﬁhqanon but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to invoive an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

08 November 2012

Date of mailing of the international search report

2 7NOV 2012

Name and mailing address of the ISA/US

Mail Stop PCT, Attn; ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Authorized officer:
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - wo-search-report

