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Description

Technical Field

[0001] The present invention relates to touch sensing systems and data processing techniques in relation to such
systems.

Background Art

[0002] Touch sensing systems ("touch systems") are in widespread use in a variety of applications. Typically, the
touch sensing systems are actuated by a touch object such as a finger or stylus, either in direct contact, or through
proximity (i.e. without contact), with a touch surface. Touch sensing systems are for example used as touch pads of
laptop computers, in control panels, and as overlays to displays on e.g. hand held devices, such as mobile telephones.
A touch panel that is overlaid on or integrated in a display is also denoted a "touch screen". Many other applications are
known in the art.
[0003] To an increasing extent, touch systems are designed to be able to detect two or more touches simultaneously,
this capability often being referred to as "multi-touch" in the art.
[0004] There are numerous known techniques for providing multi-touch sensitivity, e.g. by using cameras to capture
light scattered off the point(s) of touch on a touch panel, or by incorporating resistive wire grids, capacitive sensors,
strain gauges, etc into a touch panel.
[0005] WO2010/064983 and WO2010/06882 disclose another type of multi-touch system which is based on frustrated
total internal reflection (FTIR). Light sheets are coupled into a panel to propagate inside the panel by total internal
reflection. When an object comes into contact with a touch surface of the panel, two or more light sheets will be locally
attenuated at the point of touch. Arrays of light sensors are located around the perimeter of the panel to detect the
received light for each light sheet. Data from the light sensors may be processed into logarithmic transmission values,
which are input into an image reconstruction algorithm that generates a two-dimensional distribution of attenuation values
over the touch surface. This enables determination of shape, position and size of multiple touches.
[0006] A similar type of multi-touch system is disclosed in WO2009/077962.
[0007] US2011/181552 describes an optical touch interaction system similar to WO2010/064983 but using light beams
transmitted above the surface of the glass.
[0008] WO2011/078769 describes an FTIR type optical touch interaction system with error correction means for
identifying and correcting for invalid detection line data.
[0009] EP2339437 describes a technique for estimating a pressure of a touch in dependence on the measured speed
at which an object approaches a touch surface.
[0010] As the availability of multi-touch systems increases, and in particularly as these systems are made available
in a wide range of sizes and enabling an increased number of simultaneous touches, it can be foreseen that software
applications with advanced user interaction will be developed to be run on devices with these types of touch systems.
For example, a user may be allowed to enter advanced multi-touch gestures or control commands, in which fingers on
one or both hands are dragged across a touch surface, and it may be possible for several users to work concurrently
on the touch surface, either in different application windows, or in a collaborative application window.
[0011] The touches need to be detected against a background of measurement noise and other interferences, e.g.
originating from ambient light, fingerprints and other types of smear on the touch surface, vibrations, detection artifacts,
etc. The influence of measurement noise and interferences may vary not only over time but also within the touch surface,
making it difficult to properly detect the touches on the touch surface at all times. Furthermore, the degree of interaction
between a touching object and the touch surface may vary both over time and between different objects. For example,
the interaction may depend on if an object is tapped, dragged or held in a fixed position onto the touch surface. Different
objects may yield different degree of interaction, e.g. the degree of interaction may vary between fingers of a user, and
even more so between the fingers of different users.
[0012] US2007262969 describes a method of eliminating, for a touch system, random noise in the digital domain by
subtracting a random noise component of the previous frame from the digital raw data in the current frame
[0013] The combination of several touches, complex gestures as well as temporal and spatial variations in degree of
interaction, background, and noise will make the identification of touches a more demanding task. The user experience
will be greatly hampered if, e.g., an ongoing gesture on a touch screen is interrupted by the system failing to detect
certain touches during the gesture.

Summary

[0014] It is an objective of the invention to at least partly overcome one or more limitations of the prior art.
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[0015] In view of the foregoing, one objective is to enable a consistent user experience when interacting with a multi-
touch system.
[0016] This and other objectives, which may appear from the description below, are at least partly achieved by means
of a method of enabling touch determination, a computer program product, devices for enabling touch determination,
and touch-sensitive apparatuses according to the independent claims, embodiments thereof being defined by the de-
pendent claims.
[0017] A first aspect of the invention is a method of enabling touch determination based on an output signal from a
touch-sensitive apparatus, the touch-sensitive apparatus comprising a panel configured to conduct signals from a plurality
of incoupling points to a plurality of outcoupling points, thereby defining detection lines that extend across a surface
portion of the panel between pairs of incoupling and outcoupling points, at least one signal generator coupled to the
incoupling points to generate the signals, and at least one signal detector coupled to the outcoupling points to generate
the output signal which is indicative of one or more objects touching the surface portion, wherein the method comprises
a sequence of iterations, each iteration comprising the steps of: obtaining, based on the output signal, a current signal
value for each detection line, generating a first interaction pattern and a second interaction pattern as a function of the
current signal values, such that the first and second interaction patterns are reconstructed two-dimensional distributions
of local interaction with the conducted signals across the surface portion, wherein the first and second interaction patterns
are generated to represent changes in interaction on different time scales, and jointly processing the first and second
interaction patterns for determination of current touch data representing said one or more objects on the surface portion,
wherein said jointly processing comprises: matching a first set of peaks identified in the first interaction pattern and a
second set of peaks identified in the second interaction pattern to touch data of existing touches stored in a history list,
and updating the history list based on said matching, wherein said updating comprises, for each existing touch that
matches at least one peak in the first and second sets of peaks, determining current touch data as a function of said at
least one peak and changing the touch data in the history list to reflect the current touch data.
[0018] A second aspect of the invention is a device for enabling touch determination based on an output signal from
a touch-sensitive apparatus, the touch-sensitive apparatus comprising a panel configured to conduct signals from a
plurality of incoupling points to a plurality of outcoupling points, thereby defining detection lines that extend across a
surface portion of the panel between pairs of incoupling and outcoupling points, at least one signal generator coupled
to the incoupling points to generate the signals, and at least one signal detector coupled to the outcoupling points to
generate the output signal which is indicative of one or more objects touching the surface portion, said device comprising:
a signal processor configured to, repeatedly in a sequence of iterations: obtain, based on the output signal, a current
signal value for each detection line, generate a first interaction pattern and a second interaction pattern as a function of
the current signal values, such that the first and second interaction patterns are reconstructed two-dimensional distri-
butions of local interaction with the conducted signals across the surface portion, wherein the first and second interaction
patterns are generated to represent changes in interaction on different time scales, and jointly process the first and
second interaction patterns for determination of current touch data representing said one or more objects on the surface
portion, wherein said jointly processing comprises: matching a first set of peaks identified in the first interaction pattern
and a second set of peaks identified in the second interaction pattern to touch data of existing touches stored in a history
list, and updating the history list based on said matching, wherein said updating comprises, for each existing touch that
matches at least one peak in the first and second sets of peaks, determining current touch data as a function of said at
least one peak and changing the touch data in the history list to reflect the current touch data.
[0019] Still other objectives, features, aspects and advantages of the present invention will appear from the following
detailed description, from the attached claims as well as from the drawings.

Brief Description of Drawings

[0020] Embodiments of the invention will now be described in more detail with reference to the accompanying schematic
drawings.

Fig. 1 is a plan view of a touch-sensitive apparatus.
Figs 2A-2B are side and top plan views of touch-sensitive systems operating by frustrated total internal reflection
(FTIR).
Figs 3A-3C are three-dimensional plots of a total attenuation pattern, a background pattern, and an offset pattern,
respectively.
Fig. 4A is a top plan view of an offset pattern obtained by reconstruction processing, and Fig. 4B illustrates the offset
pattern in Fig. 4A after scaling to enhance weak signal features.
Fig. 5 is a flow chart of a method for enabling touch determination according to an embodiment of the invention.
Figs 6A- 6B are plots of a difference pattern representing two moving objects.
Fig. 7 illustrates a process of maintaining a trace history list which is used in the method of Fig. 5.
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Fig. 8 is a block diagram of a structure for implementing the method of Fig. 5.
Figs 9A-9C are graphs of different re-scaling functions for use upstream of a reconstruction function for reconstructing
a difference pattern in the method of Fig. 5.
Fig. 10 is a sinogram obtained by mapping change values for available detection lines to a two-dimensional sample
space.

Detailed Description of Example Embodiments

[0021] Before describing embodiments of the invention, a few definitions will be given.
[0022] A "touch object" or "touching object" is a physical object that touches, or is brought in sufficient proximity to a
touch surface so as to be detected by one or more sensors in the touch system. The physical object may be animate
or inanimate.
[0023] An "interaction" occurs when the touch object affects a parameter measured by the sensor.
[0024] An "interaction strength" is a relative or absolute measure of the degree of interaction.
[0025] An "interaction pattern" is a two-dimensional distribution of interaction across the touch surface, or a portion
thereof.
[0026] A "touch" denotes a point of interaction as seen in the interaction pattern. A touch may be associated with
different touch parameters, such as a location on the touch surface in any coordinate system, an interaction strength,
a size (e.g. diameter, area, etc), a shape, etc.
[0027] A "frame" or "iteration" denotes a repeated event starting with data collection and ending with determination of
touch data. The touch data may comprise any combination of a location on the touch surface, a size, a shape and a
pressure between the touching object and the touch surface.
[0028] As used herein, a "trace" is information about the temporal history of an interaction. Touches from an interaction
detected in a sequence of frames, i.e. at different points in time, are collected into a trace.
[0029] A trace may be associated with different trace parameters, such as an age, a location, a location history, a
size, a shape, etc. The "age" of a trace indicates how long the trace has existed, and may be given as a number of
frames, the frame number of the earliest touch in the trace, a time period, etc. The "location" of the trace is given by the
location of the most recent touch in the trace, and the "size" of a trace denotes the size of the most recent touch in the
trace. The "location history" denotes at least part of the spatial extension of the trace across the touch surface, e.g. given
as the locations of the latest few touches in the trace, or the locations of all touches in the trace, a curve approximating
the shape of the trace, or a Kalman filter.
[0030] Throughout the following description, the same reference numerals are used to identify corresponding elements.

1. Touch-sensitive apparatus

[0031] Fig. 1 illustrates a touch-sensitive apparatus 100 which is based on the concept of transmitting energy of some
form across a touch surface 1, such that an object that is brought into close vicinity of, or in contact with, the touch
surface 1 causes a local decrease in the transmitted energy. The touch-sensitive apparatus 100 includes an arrangement
of emitters and sensors, which are distributed along the periphery of the touch surface 1. Each pair of an emitter and a
sensor defines a detection line, which corresponds to the propagation path for an emitted signal from the emitter to the
sensor. In Fig. 1, only one such detection line D is illustrated to extend from emitter 2 to sensor 3, although it should be
understood that the arrangement typically defines a dense grid of intersecting detection lines, each corresponding to a
signal being emitted by an emitter and detected by a sensor. Any object that touches the touch surface along the extent
of the detection line D will thus decrease its energy, as measured by the sensor 3. Thus, a touch on the touch surface
1 by an object results in an attenuation of one or more detection lines.
[0032] The arrangement of sensors 3 is electrically connected to a signal processor 10, which samples and processes
an output signal from the arrangement. The output signal is indicative of the received signal energy or signal power at
each sensor 3. As will be explained below, the signal processor 10 may be configured to process the output signal so
as to recreate a distribution of interaction values (for simplicity, referred to as an "interaction pattern" or "attenuation
field" in the following) across the touch surface 1. The interaction pattern may be represented in many different ways,
e.g. as interaction values arranged in a regular x-y-grid, such as in an ordinary digital image, although other types of
grids are conceivable, e.g. hexagonal patterns or triangular meshes. The interaction pattern may be further processed
by the signal processor 10 or by a separate device (not shown) for touch determination, which may involve extraction
of touch data, such as a position (e.g. x, y coordinates), a shape or an area of each touching object.
[0033] In the example of Fig. 1, the touch-sensitive apparatus 100 also includes a controller 12 which is connected to
selectively control the activation of the emitters 2 and, possibly, the readout of data from the detectors 3. The signal
processor 10 and the controller 12 may be configured as separate units, or they may be incorporated in a single unit.
One or both of the signal processor 10 and the controller 12 may be at least partially implemented by software executed
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by a processing unit 14.
[0034] Generally, the touch-sensitive apparatus 100 (the touch surface 1) may be of any shape, such as circular,
elliptical or polygonal, including rectangular. The touch-sensitive apparatus 100 may be designed to be overlaid on or
integrated in a display device or monitor.
[0035] The touch-sensitive apparatus 100 may be configured to permit transmission of energy in one of many different
forms. The emitted signals may thus be any radiation or wave energy that can travel in and across the touch surface 1
including, without limitation, light waves in the visible or infrared or ultraviolet spectral regions, electrical energy, elec-
tromagnetic or magnetic energy, or sonic and ultrasonic energy or vibration energy.
[0036] In the following, an example embodiment based on propagation of light will be described. Fig. 2A is a side view
of a touch-sensitive apparatus 100 which includes a light transmissive panel 4, one or more light emitters 2 (one shown)
and one or more light sensors 3 (one shown). The panel 4 is made of solid material in one or more layers and defines
two opposite and generally parallel surfaces 5, 6 and may be planar or curved. The panel 4 defines an internal radiation
propagation channel, in which light propagates by internal reflections. In the example of Fig. 2A, the propagation channel
is defined between the boundary surfaces 5, 6 of the panel 4, where the top surface 5 allows the propagating light to
interact with touching objects 7 and thereby defines the touch surface 1. This is achieved by injecting the light into the
panel 1 such that the light from the emitter(s) 2 is reflected by total internal reflection (TIR) in the touch surface 1 as it
propagates through the panel 4. The light may be reflected by TIR in the bottom surface 6 or against a reflective coating
thereon. It is also conceivable that the propagation channel is spaced from the bottom surface 6, e.g. if the panel
comprises multiple layers of different materials. The sensors 3 are arranged at the periphery of the panel 4 to generate
a respective measurement signal which is indicative of the energy of received light.
[0037] As shown in Fig. 2A, the light may be coupled into and out of the panel 4 directly via the edge portion that
connects the top and bottom surfaces 5, 6 of the panel 4. Alternatively, not shown, a separate coupling element (e.g. in
the shape of a wedge) may be attached to the edge portion or to the top or bottom surface 5, 6 of the panel 4 to couple
the light into and/or out of the panel 4. When the object 7 is brought sufficiently close to the boundary surface, part of
the light may be scattered by the object 7, part of the light may be absorbed by the object 7, and part of the light may
continue to propagate in the panel 4 in its original direction across the panel 4. Thus, when the object 7 touches a
boundary surface of the panel (e.g. the top surface 5), the total internal reflection is frustrated and the energy of the
transmitted light is decreased. This type of touch-sensitive apparatus is denoted an "FTIR system" (FTIR - Frustrated
Total Internal Reflection) in the following.
[0038] The FTIR system 100 may be operated to measure the energy of the light transmitted through the panel 4 on
a plurality of detection lines. This may, e.g., be done by activating a set of spaced-apart emitters 2 to generate a
corresponding number of light sheets inside the panel 4, and by operating a set of sensors 3 to measure the transmitted
energy of each light sheet. Such an embodiment is illustrated in Fig. 2B, where each emitter 2 generates a beam of light
that expands in the plane of the panel 4 while propagating away from the emitter 2. Each beam propagates from one
or more entry or incoupling points within an incoupling site on the panel 4. Arrays of light sensors 3 are located around
the perimeter of the panel 4 to receive the light from the emitters 2 at a number of spaced-apart outcoupling points within
an outcoupling site on the panel 4. It should be understood that the incoupling and outcoupling points merely refer to
the position where the beam enters and leaves, respectively, the panel 4. Thus, one emitter/sensor may be optically
coupled to a number of incoupling/outcoupling points. In the example of Fig. 2B, however, the detection lines D are
defined by individual emitter-sensor pairs. This implementation and further variants are disclosed in more detail in
Applicant’s WO2010/064983.
[0039] It is to be understood that Fig. 2 merely illustrates one example of an FTIR system. For example, the detection
lines may instead be generated by sweeping or scanning one or more beams of light inside the panel. Such and other
examples of FTIR systems are e.g. disclosed in US6972753, US7432893, US2006/0114237, US2007/0075648,
WO2009/048365, WO2010/006882, WO2010/006883, WO2010/006884, WO2010/006885, WO2010/006886, and
WO2010/134865,. The inventive concept may be applied to such alternative FTIR systems as well.
[0040] Irrespective of implementation, the light sensors 3 collectively provide an output signal, which is received and
sampled by the signal processor 10. The output signal contains a number of sub-signals, also denoted "projection
signals", each representing the energy of light emitted by a certain light emitter 2 and received by a certain light sensor
3, i.e. the received energy (or equivalently, power or intensity) on a certain detection line. Depending on implementation,
the signal processor 10 may need to process the output signal for separation of the individual projection signals.

2. Reconstruction functions and input format

[0041] As noted above, a reconstruction function or algorithm may be used for determining an interaction pattern
across the touch surface 1, based on the projection signals in the output signal. Embodiments of the invention may use
any available algorithm for image reconstruction based on projection signal values, including tomographic reconstruction
methods such as Filtered Back Projection, FFT-based algorithms, ART (Algebraic Reconstruction Technique), SART
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(Simultaneous Algebraic Reconstruction Technique), etc. Alternatively, the reconstruction function may generate the
interaction pattern by adapting one or more basis functions to the formatted signal values and/or by statistical methods
such as Bayesian inversion. Examples of such reconstruction functions designed for use in touch determination are
found in WO2010/006883, WO2009/077962, WO2011/0495111, WO2011/139213, and WO2012/050510. Conventional
reconstruction methods are found in the mathematical literature, e.g. "The Mathematics of Computerized Tomography"
by Natterer, and "Principles of Computerized Tomographic Imaging" by Kak and Slaney.
[0042] The interaction pattern may be reconstructed within one or more subareas of the touch surface. The subareas
may be identified by analyzing intersections of detection lines across the touch surface, based on the above-mentioned
projection signals. Such a technique for identifying subareas is further disclosed in WO2011/049513.
[0043] The reconstruction function is designed based on the assumption that the input values, s, depend on the

interaction pattern, a, according to a projection function , which reflects the properties of the physical touch system:

 The reconstruction algorithm is thus designed to reconstruct a from s by use of a reconstruction function:

 

[0044] It is to be understood that the format of the input values s may be specific to the reconstruction function .

The following examples assume that the reconstruction function  is designed to reconstruct an attenuation field, i.e.
each interaction value ("attenuation value") in the reconstructed interaction pattern a represents a local attenuation of
energy by an attenuating medium. In such an implementation, the input values s may be represented as attenuation
values for individual detection lines.
[0045] This choice of input values will now be further explained with reference to Fig. 2A, which indicates that the
propagating light will not be blocked by the touching object 7. Thus, if two objects 7 happen to be placed after each other
along a light path from an emitter 2 to a sensor 3, both objects 7 will interact with the propagating light. Provided that
the light energy is sufficient, a remainder of the light will reach the sensor 3 and generate a projection signal that allows
both interactions (touches) to be identified. Thus, in multi-touch FTIR systems, the transmitted light may carry information
about a plurality of touches.
[0046] The transmission Tk for the k:th detection line Dk may be obtained from the definition of attenuation through
an attenuating medium: 

[0047] In this formulation, Ik is a signal value (projection value) representing the transmitted energy on detection line
Dk with attenuating object(s), I0,k is a signal value representing the transmitted energy on detection line Dk without
attenuating objects, and a(x) is the attenuation coefficient along the detection line Dk. In this formulation, the detection
line is assumed to interact with the touch surface along the entire extent of the detection line, i.e. the detection line is
represented as a mathematical line.

[0048] It is thus realized that a reconstruction function  may be designed to operate on transmission data for the
detection lines. Such transmission data may be obtained by dividing the projection values by a respective reference
value (REFk). By proper choice of reference values, the projection values are thereby converted into transmission values,

which thus represent the fraction (normally in the range [0, 1]) of the available light energy that has been measured on
each of the detection lines.
[0049] Certain tomographic reconstruction techniques, such as Filtered Back Projection (FBP) are based on the theory
of the Radon transform which deals with line integrals. Such reconstruction techniques may therefore be designed to
operate on formatted signal values sk given by the negative logarithm of the transmission: 

[0050] It can be noted that the formatted signal values sk in fact is a measure of the total attenuation for the respective
detection lines Dk.
[0051] In a variant, the formatted signal values sk may be given by any known approximation to the above expression.
A simple approximation of - log(Tk), which is a good approximation when Tk is close to 1 and may be useful also for
smaller values of Tk, is given by sk = 1 - Tk.
[0052] It should be emphasized that the format of the formatted signal values depends on (or is given by) the type of
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reconstruction function, although the format typically represents a decrease in signal energy caused by the interaction
between touches and detection lines. In alternative implementations, the format may e.g. be given as a transmission
(e.g. given by the projection value normalized by the reference value), an energy difference (e.g. given by the difference
between the projection value and the reference value), or a logarithm of the energy difference. As used hereinabove, a
"logarithm" is intended to also encompass functions approximating a true logarithmic function, in any base. Furthermore,
the formatted signal values may have any sign, i.e. they may or may not be multiplied by a negative value. Depending
on the reconstruction function, it may be possible to use the projection values as formatted signal values.
[0053] In the following description, "attenuation pattern" and "attenuation value" is used synonymously with "interaction
pattern" and "interaction value", respectively. Reference may also be made to a "pixel" with a corresponding "pixel value"
in an attenuation pattern. As used herein, a pixel is intended to encompass all types of cells, basis functions and areas
defined in the attenuation pattern and associated with an attenuation value. The projection values and the formatted
signal values obtained at a time point t are collectively denoted by It and st, respectively.

3. Touch attenuation pattern and reconstruction artifacts

[0054] The result of operating the reconstruction function  on the formatted signal values st is an attenuation pattern

at that represents the distribution of accumulated attenuation on the touch surface 1. The "accumulated attenuation"

includes both the attenuation caused by touching objects and the attenuation caused by contaminations on the touch
surface, and such an interaction pattern at may thus be denoted a "total attenuation pattern".

[0055] It is known in the art to at least partly compensate the total attenuation pattern at for the influence of the
contaminations on the touch surface, resulting in a "touch attenuation pattern" or "offset pattern", denoted ot herein. For
example, WO2011/049512 proposes a touch system which repeatedly generates a current light status (corresponding
to a total attenuation pattern). The touch system also repeatedly updates a background status (or "background pattern"),
which is a two-dimensional distribution of estimated attenuation values caused by contaminations on the touch surface.
A compensated light status (corresponding to a touch attenuation pattern) is then formed by subtracting the background
status from the current light status. An alternative or supplementary compensation technique is proposed in
WO2011/028169, in which the reference values (REFk) used in converting the projection values into formatted signal
values, are intermittently updated so as to include the influence of contaminations on the touch surface. By tracking the
influence of contaminations via the updating of the reference values, the touch system compensates for the contamina-
tions already in the input to the reconstruction function, which thereby directly generates a touch attenuation pattern.
[0056] A total attenuation pattern at is illustrated in Fig. 3A as a 3D plot in the coordinate system X,Y of the touch
surface (cf. Fig. 2B). The pattern at represents the accumulated attenuation on the touch surface, both from touches
and contamination. Fig. 3B is a plot of an updated background pattern bt-1 which exhibits a first attenuation component
α1 caused by a fingerprint from an earlier touch, a second attenuation component α2 caused by smear from a palm
resting on the touch surface, and a third attenuation component α3 caused by a liquid spill. Fig. 3C is a plot of the offset
pattern ot obtained by subtracting the pattern bt-1 from the pattern at, pixel by pixel. Three peaks β1, β2, β3 forming
three touches are seen against a uniform background level close to zero attenuation.
[0057] The offset pattern ot in Fig. 3C is essentially free of noise and artifacts, and the touches are represented as
strong attenuations, making the identification of touches an easy task. However, it is not uncommon that touches differ
significantly in attenuation both within the offset pattern and as a function of time. For example, moving touches ("drags")
are often seen to yield weaker attenuation than stationary touches in FTIR systems. For example, residual influence
from contamination, as well as noise, may make it difficult to detect weaker touches in the offset pattern.
[0058] Furthermore, it has been found that weaker touches may be partially concealed by artifacts caused by the
strongly interacting touches. Fig. 4A illustrates an offset pattern ot (dark areas indicate strong attenuation) which has
been autoscaled between minimum and maximum attenuation values. The offset pattern seems to indicate two touches,
although there are actually four objects on the touch surface. Two of the objects result in a significantly weaker attenuation
(by a factor of 10) than the other two objects. In Fig. 4B, the offset pattern in Fig. 4A has been re-scaled to enhance
weak features. Here, the two weakly interacting touches may be discerned in between the strongly interacting touches.
It is seen that the interaction values of the weakly interacting touches are partially concealed by artifacts. In the example
of Fig. 4B, the artifacts include star-like streaks emanating from the strongly interacting touches. These artifacts may
originate from a local deformation of the touch surface caused by the touching objects, and/or they may result from an
inability of the reconstruction function to accurately reproduce a true attenuation pattern.
[0059] To further explain the origin of artifacts, assume that the formatted signal values, s, depend on an attenuation

field, atrue, on the touch surface according to a projection function , which reflects the properties of the physical touch

system: 
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[0060] The reconstruction is aimed at reconstructing the attenuation field a (an approximation of the true interaction

pattern atrue) from the formatted signal values s using a reconstruction function : 

[0061] Typically, the reconstruction function  is not the exact inverse of the projection function P. One reason may
be that certain properties of the physical touch system may be difficult and/or computationally expensive to include in

. Another reason may be that  may be based on mathematical principles that do not allow a perfect reconstruction.
In either case, the reconstructed interaction pattern a will contain artifacts. Typically, strong touches will introduce stronger

artifacts than weak ones, e.g. if  is a linear function of s. If the touch system is exposed to touches that differ
significantly in attenuation, even by one or several orders of magnitude, there is a significant risk that artifacts from a
strongly interacting touch might conceal a weakly interacting touch.

4. Improved detection of weak and strong touches

[0062] Embodiments of the invention relate to touch determination techniques that are able to detect multiple touches
on the touch surface, even if the touches have different degrees of interaction with the detection lines, e.g. even if one
or more touches result in a significantly stronger attenuation of the propagating light in an FTIR system compared to
one or more other touches. In various embodiments, this ability for improved touch determination is achieved by generating
attenuation patterns that represent changes in attenuation across the touch surface on different time scales, whereupon
a combination of information from these attenuation patterns are used in the touch determination. These embodiments
rely on the insight that touches that are relatively weak in an offset pattern may be relatively stronger in an attenuation
pattern that represents changes on a shorter time scale. For example, moving touches may be enhanced over stationary
touches in an attenuation pattern if the time scale is reduced, since a stationary touch will exhibit little change in local
attenuation on a shorter time scale while moving touches may result in significant changes in local attenuation (if the
time scale is selected with due care to the expected velocity of the moving touches).
[0063] In the following examples, touches are detected using both the above-described offset pattern, ot, which rep-
resents changes on a long time scale, and a differential interaction pattern ("difference pattern"), dat, which represents
more recent changes.
[0064] Fig. 5 is a flow chart of a method for reconstruction and touch data extraction in a touch-sensitive apparatus,
such as the above-described FTIR system. The method involves a sequence of steps 50-57 that are repeatedly executed,
typically by the signal processor 10 (Figs 1-2). In the context of this description, each sequence of steps 50-57 is denoted
a frame or an iteration.
[0065] Each frame starts by a data collection step 50, in which measurement values are obtained from the light sensors
3 in the FTIR system, typically by sampling a value from each of the aforesaid projection signals. The data collection
step 50 results in one projection value for each detection line. It may be noted that the data may, but need not, be
collected for all available detection lines in the FTIR system. The data collection step 50 may also include pre-processing
of the measurement values, e.g. filtering for noise reduction.
[0066] After step 50, the process proceeds in two branches A and B which include steps 51-55 for generating and
processing an offset pattern ot and steps 51’-55’ for generating and processing a difference pattern dat, respectively.
The branches A, B may be executed in parallel, in sequence, or intermingled. Each of the branches A, B results in a
collection ("match list") of matches between peaks in the offset and difference patterns and existing traces, as well as
any peaks that do not match any existing traces and any existing traces that do not match any peaks. A record of the
existing traces are kept in electronic memory M. This record is denoted a "trace history list" herein, although the record
may be implemented by any suitable data structure, linear or non-linear, such as list, a hash table, a binary tree, etc.
The trace history list is maintained to contain values of trace parameters for the traces deemed relevant to the current
frame, e.g. all traces deemed to exist, which also may include any traces deemed not unlikely to exist. As indicated
above, the trace parameters may e.g. include age, location, location history, interaction strength, size, and shape for
each existing trace. In Fig. 5, the trace history lists updated in the latest frame and in the current frame are indicated by
THLt-1 and THLt, respectively.
[0067] The resulting match lists are processed in a merging step 56 for determining a set of current touch data and
for generating the updated trace history list. Thus, in the embodiment of Fig. 5, the offset and difference patterns are
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jointly processed for determination of the current touch data. Specifically, the merging step 56 is configured to enable
improved detection of weak touches by incorporating information from the difference pattern dat.
[0068] In step 57, at least part of the current touch data is output, and the process returns to the data collection step 50.
[0069] With reference to the embodiment of Fig. 5, and variants thereof, it is to be understood that one or more of the
indicated steps may be effected concurrently. For example, the data collection step 50 of a subsequent sensing instance
may be initiated concurrently with any one of the steps 51-55, 51’-55’, 56 or 57.
[0070] Below, branches A and B as well as the concluding steps 56 and 57 will be exemplified in greater detail.

Branch A - Offset pattern processing

[0071] Branch A starts with a conversion step 51, in which the projection values It are processed for conversion into

the above-mentioned formatted signal values st. A subsequent reconstruction step 53 operates a reconstruction function

 on the formatted signal values st to generate the offset pattern ot, e.g. according to any of the techniques described

above in Chapter 3. In a peak detection step 54, the offset pattern ot is then processed for detection of peaks, e.g. using

any known technique. In one embodiment, a global or local threshold is first applied to the offset pattern, to suppress
noise. Any areas with attenuation values that fall above the threshold may be further processed to find local maxima.
The identified maxima may be further processed for determination of a touch shape and a center position, e.g. by fitting
a two-dimensional second-order polynomial or a Gaussian bell shape to the attenuation values, or by finding the ellipse
of inertia of the attenuation values. There are also numerous other techniques as is well known in the art, such as
clustering algorithms, edge detection algorithms, standard blob detection, water shedding techniques, flood fill tech-
niques, etc. The result of step 54 is collected in an offset peak list, which may include values of one or more of the
following peak parameters: peak position, peak size, peak shape, peak attenuation, and peak noise estimate. The peak
attenuation may e.g. be given by a maximum attenuation value or a weighted sum of attenuation values within the peak
shape. The peak noise estimate represents the local variability of attenuation values within and/or around the peak and
may e.g. be given as a signal-to-noise ratio (SNR), a variance or a standard deviation.
[0072] In a matching step 55, the detected offset peaks are matched to existing traces in the trace history list THLt-1.
Step 55 may be regarded as part of a process for maintaining the trace history list. The aim of such a maintaining process
is to, based on detected matches between current offset peaks and traces in the trace history list THLt-1, update the
trace history list with current trace parameter values. Fig. 7 is an example of such a maintaining process, of which steps
71-72 belong to the matching step 55 and steps 73-75 belong to the merging step 56.
[0073] In step 71, the trace parameter values for the traces in the trace history list THLt-1 are processed for generating
predicted values for the current frame. Depending on implementation, step 71 may operate to predict the most likely
location (coordinates), size and shape for all traces in the trace history list. Step 71 may be omitted, but is currently
believed to improve the quality of the distance measures when computing match values (see below).
[0074] In step 72, the (predicted) values of the trace parameters are matched against corresponding parameter values
for the offset peaks in the offset peak list. Thereby, a match value is computed between every offset peak and every
trace in the trace history list. The match value indicates the likelihood of a match between the offset peak and a specific
trace.
[0075] The match value may, e.g., be computed as a function of the Euclidian distance between the location of the
offset peak and the (predicted) location of the trace, and/or as a function of a similarity in size and/or shape and/or
attenuation strength. Also, invalid match values may be set for peak-trace combinations that are deemed impossible.
One limitation for peak-trace combinations may be given by a maximum distance between the location of the offset peak
and the (predicted) location of the trace. In one example, a match is deemed impossible if the distance is greater than
15 mm. Imposing restrictions on allowed peak-trace combinations also makes it possible to use smarter algorithms for
the match value computations, for example a hierarchical search over the touch surface.
[0076] It is to be understood that the match values may be computed to factor in further trace parameters included in
the trace history list, e.g. the age of the trace.
[0077] In step 72, the identified offset peaks are also assigned (i.e. matched) into the trace history list based on the
match values, so as to determine one trace (if any) as a best match for each offset peak. A simple way to do this
assignment, if the match values are calculated to represent a better match by a higher match value, is to start with the
highest match value and proceed to gradually lower match values (a so-called greedy approach), and vice versa if a
better match is represented by a lower match value. There are many other and more elaborate algorithms for making
this assignment, such as Hungarian method (Kuhn’s algorithm) or any other algorithm solving bipartite matching based
on match values. In an alternative, the assignment accounts for the age of the trace associated with the respective match
value, e.g. by starting with the oldest match value/trace (largest value of age parameter) and proceeding to gradually
younger match values/traces.
[0078] Step 72 results in a match list, in which each offset peak is either assigned to a trace or is identified as lacking
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an assigned trace ("unmatched peak"). Likewise, each trace is either assigned to an offset peak or is identified as lacking
an association ("unmatched trace").
[0079] Step 73-75 in Fig. 7 will be described below in relation to step 56.

Branch B - Difference pattern processing

[0080] Branch B starts with a conversion step 51’, in which the projection values It are processed for generation of
change values dst. The change values correspond to a difference in formatted signal values between the current frame
(t) and a previous frame (t - n). Using the above definition of the formatted signal values, it can be shown that: 

[0081] Thus, the change values dst represent the relative change in projection values between the previous and the
current frame. Thereby, it is realized that the change values may be calculated as a difference in logarithmic signal values: 

[0082] In step 51’, the change values dst may be calculated by retrieving comparison values that were generated in
step 50 during the previous frame and stored in electronic memory M. The comparison values may e.g. be given as
projection values It-n, logarithmic projection values log(It-n), or formatted signal values st-n.
[0083] Then follows an optional modification step 52’ that modifies the change values dst to further suppress the
influence of strong attenuations compared to weak attenuations. This may be seen as a process of changing the dynamics
of the ensemble of change values, i.e. the relation between the change values for different detection lines. Thus, the
modification step 52’ actively modifies the relative distribution of change values among the detection lines. As will be
explained in Chapter 5 with reference to detailed examples, this may be achieved in different ways, e.g. by applying a
re-scaling function to the change values, or by identifying strongly interacting touches in a reference pattern and actively
modifying the change values only for those detection lines that are deemed affected by these strongly interacting touches.
It is to be understood that only a subset of the change values may need to be modified.

[0084] In a reconstruction step 53’, a reconstruction function  is operated on the (modified) change values dst to

generate the above-mentioned difference pattern dat. Most reconstruction functions  are at least approximately

linear, i.e.    and the difference pattern may thus be generated by

operating the reconstruction function  on the change values: 

where at and at-n is the total attenuation pattern at the current and previous frame, respectively. The difference pattern
dat is a distribution of difference values across the touch surface (or a relevant part of the touch surface), where each
difference value may represent a local change (increase/decrease) in attenuation between the current and the previous
frame in a specific position or reconstruction cell (pixel) on the touch surface. The difference pattern dat may thus be
seen as an image of the change in touch interaction and in contamination contribution between these frames across the
touch surface 1.
[0085] Step 53’ may, but need not, include a compensation for contaminations. If the time scale is sufficiently short,
the addition of contaminations between the previous frame and the current frame may be neglected. Further, step 53’

may use any suitable projection function , which may but need not be the same as used in step 53.
[0086] The difference pattern dat may alternatively be calculated by subtracting the current total interaction pattern
with a previous one: dat = at - at-n. However, by operating on change values, the need to calculate, store and retrieve
the total interaction pattern across iterations of the method is obviated.
[0087] As indicated above, the use of a difference pattern dat makes it possible to detect small changes in attenuation

which may be difficult to detect in a total interaction pattern at or an offset pattern ot due to reconstruction artifacts. The

difference pattern mainly indicates the temporal change in attenuation caused by moving objects in contact with the
touch surface. The resulting touches generally appear as "dipole peaks" in the difference pattern, i.e. a combination of
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a positive peak and a negative peak. Fig. 6A is a 3D plot of a difference pattern dat containing two dipole peaks 

 and    Fig. 6B is plan view of the difference pattern dat in Fig. 6A. When an object is moved between the

previous and the current frame, the corresponding touch occupies new pixels, resulting in a positive peak, and leaves
old pixels, resulting in a negative peak. If an object is removed from the touch surface, the removed touch will be
represented by a single negative peak in the difference pattern, and if an object is brought into contact with the touch
surface, the new touch will be represented by a single positive peak. In Fig. 6B, it is realized that the objects have moved
away from each other between the frames.
[0088] The time difference between the previous and the current frame may be selected to be small enough to avoid
significant build up of contamination, while being long enough for the movement of touching objects to result in attenuation
changes. It is currently believed that, at least in certain implementations, the time difference should be larger than 5 ms,
preferably 20-80 ms but may be as large as 1-5 seconds. The upper limit may alternatively be given by an expected
maximum velocity of the touching objects, to prevent that when two objects are moved, one of the objects is moved into
the position of the other object within the time difference.
[0089] Following step 53’, the difference pattern dat is processed in a peak detection step 54’ for detection of peaks,
e.g. using any known technique. Step 54’ may be similar to step 54, and be configured to detect only positive peaks,
only negative peaks, or both. In one embodiment, the detection is focused on the positive peaks, since these peaks are
correlated with the current position of the moving object on the touch surface. In an alternative, each dipole peak is
treated as a single peak, the position of which is calculated as a (weighted) average of the positions for the positive and
negative peaks. The result of step 54’ is collected in a difference peak list, which may include values of one or more of
the following peak parameters: peak position, peak size, peak shape, peak attenuation, peak noise estimate, and sign.
The sign indicates if the peak is positive or negative. It is to be understood that the sign parameter is not needed if the
peak difference list only includes either negative or positive peaks.
[0090] The subsequent matching step 55’ may be implemented similarly to the matching step 55, e.g. as described
above in relation to Fig. 7. However, the computation of match values may differ between step 55’ and step 55. Step
55’ results in a match list, in which each difference peak is either assigned to a trace or is identified as lacking an assigned
trace ("unmatched peak"). Likewise, each trace is either assigned to a difference peak or is identified as lacking an
association ("unmatched trace").

Merging information from branches A and B (step 56)

[0091] Step 56 has the dual purpose of determining current touch data and of generating an updated trace history list
THLt to be stored in memory M for use in steps 55 and 55’ of the forthcoming frame.
[0092] The current touch data is determined by combined analysis of the match lists generated by steps 55 and 55’
in the current frame.
[0093] If a trace is only matched to an offset peak (and not to a difference peak), the current touch position is determined
as a function of the location of the offset peak, i.e. based on information from the offset pattern and not the difference
pattern. The current touch position may e.g. be set to the current location of the offset peak, but may alternatively be
calculated as a function of other parameter values in the trace history list, such as the location history of the trace.
[0094] If a trace is only matched to a difference peak (and not to an offset peak), the current touch position is determined
as a function of the location of the difference peak, i.e. based on information from the difference pattern and not the
offset pattern. The current touch position may e.g. be set to the current location of the difference peak, but may alternatively
be calculated as a function of other parameter values in the trace history list, such as the location history of the trace.
[0095] If a trace is matched to both an offset peak and a difference peak, the current touch position is calculated as
a function of the locations of both peaks, i.e. based on information from both the difference pattern and the offset pattern.
This may be done in many different ways. In one embodiment, different combination heuristics are applied depending
on an estimated velocity of the trace. The estimated velocity may be included as a trace parameter or be calculated
based on the location history. The estimated velocity may alternatively be calculated based on the distance between
the positive and negative difference peaks belonging to the trace in a preceding frame.
[0096] The combination heuristics may, e.g., stipulate that, if the trace velocity is above a certain threshold, the current
touch position is calculated as a function of the location of the difference peak (and not the offset peak), and otherwise
as a function of the location of the offset peak (and not the difference peak). Thereby, the position of a relatively fast
moving object is given by the difference pattern, whereas a slower moving object is given by the offset pattern. In a
variant, further thresholds are used to identify plural velocity intervals, and the current touch position is calculated
differently in the different velocity intervals. For example, the current touch position may be given as a function of a
weighted average of the locations of the offset and difference peaks for moderately moving objects.
[0097] In another embodiment, the combination heuristic to be applied is given by the mutual distance between the
(positive or negative) difference peak and the offset peak in the current frame and/or in a preceding frame. If the distance
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is above a specific threshold, the current touch position may be calculated as a function of the location of the difference
peak, and otherwise as a function of the location of the offset peak (or an average of the locations of the difference and
offset peaks). It is of course possible to use further thresholds to identify plural distance intervals, and to calculate the
current touch position differently in the different distance intervals.
[0098] It is also possible to use both trace velocity and mutual distance for determining the combination heuristic to
be applied. In one such example, the current touch position is given only by the difference peak if both the estimated
velocity and the mutual distance are sufficiently large, and otherwise by the offset peak. Such an implementation may,
e.g., serve to stabilize the determined touch position when the touching object is comparatively large and causes positive
and negative difference peaks at its edges even when it is not moved on the touch surface, e.g. due to instabilities in
its posture.
[0099] Unmatched peaks in the match lists may be considered as the starting point of a new trace. The current touch
position of new trace may be set to the location of the unmatched peak. In a special implementation, new traces may
only be identified based on unmatched peaks in the difference pattern. This may improve the touch detection, if the
offset pattern is more susceptible to reconstruction artifacts.
[0100] Traces that are unmatched in both match lists do not result in any current touch data.
[0101] It is realized that other data for each touch, such as the shape, size, attenuation strength, etc, may be determined
by combining information from the match lists in a similar way. In fact, the current touch data may but need not include
the touch location.
[0102] Step 56 also involves updating the trace history list based on the match lists. The updating process is illustrated
in Fig. 7. In step 73, the trace history list is updated for all matched traces, by updating the corresponding trace parameters
as a function of the peak parameter values for the peak or peaks that are associated with a specific matched trace.
Typically, the updating makes use of the current touch data, although it is conceivable that the peak parameter values
are combined differently for use in the updating process compared to when calculating the current touch data. In step
74, unmatched peaks are interpreted as new traces and are added to the trace history list. Like in step 73, the trace
parameter values may be given by the current touch data or calculated as a function of the peak parameter values. In
step 75, traces that are unmatched in both match lists are interpreted as lost traces and are removed from the trace
history list. In one variant, the removal of such a trace is delayed for a few (e.g. 1-10) frames to make it possible to find
peaks belonging to the trace in a later frame. This may e.g. avoid removal of weak traces that may be temporarily hidden
in noise or artifacts. In another variant, these unmatched traces are removed if one or more trace parameter values fulfil
a given criterion, e.g. if the local noise has decreased below what is expected, or if the interaction strength of a trace
has decreased rapidly over a sequence of preceding frames (which may indicate that the corresponding object is being
lifted from the touch surface).
[0103] In a variant, step 56 operates to determine the current touch data by combined analysis of the match lists
generated by steps 55 and 55’ in different frames. In one embodiment, step 56 processes the match list generated by
step 55’ in the current frame (i.e. at time point t, by matching detected difference peaks to the trace history list THLt-1)
and the match list generated by step 55 in a preceding frame (e.g. at time point t - 1). This means that only branch B
needs to be completed in the current frame when step 56 is to be executed. This embodiment may reduce latency, i.e.
the time delay until a change on the touch surface is seen in the current touch data. It is understood that branch A is
also completed for the current frame, to generate a match list (in step 55, by matching detected offset peaks to the trace
history list THLt-1 or to the updated trace history list THLt) which is stored in memory M for retrieval by step 56 in a
forthcoming frame, e.g. the next frame. The approach of basing step 56 on a current match list from branch B and an
older match list from branch A ensures that changes in the difference pattern dat are quickly detected for inclusion in
the current touch data. This promotes smaller latency for fast changes in touch interaction, as manifested in the difference
pattern dat, and an acceptably larger latency for changes on a longer time scale, as manifested in the offset pattern ot-1.
The above-described techniques for combining data from the match lists and for updating the trace history list are equally
applicable to this variant.

Filtering and output (step 57)

[0104] Step 57 may output all of the current touch data determined in step 56. It is conceivable that step 57 implements
an "output filter", which manipulates the current touch data to improve the user experience. For example, the output filter
may postpone output of current touch data for new traces for a number of frames to suppress the influence of erroneous
peak detections. Likewise, the output filter may be configured to delay removal of an unmatched trace for a number of
frames, e.g. by outputting the latest touch data for the unmatched trace during these frames or by outputting touch data
that is projected for these frames based on the trace parameter values in touch history list. It is also conceivable that
the output filter is configured to make an active selection among the traces found in step 56 and only output the current
touch data for the selected traces.
[0105] The method of Fig. 5 may be implemented by a data processing device (cf. signal processor 10 in Figs 1-2)
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which is connected to sample the measurement values from the light sensors 3 in the FTIR system. Fig. 8 shows an
example of such a data processing device 10, which includes an input 101 for receiving the output signal. The device
10 further includes a data collection element (or means) 200 for obtaining the current projection values, an offset pattern
processing element (or means) 201 that implements branch A, a difference pattern processing element (or means) 202
that implements branch B, a merging element (or means) 203 for determining current touch data by combined analysis
of match lists generated by the offset pattern processing element 201 and the difference pattern processing element
202, an outputting element (or means) 204 for providing the current touch data for output, and an output 102 for outputting
the current touch data.
[0106] The device 10 may be implemented by special-purpose software (or firmware) run on one or more general-
purpose or special-purpose computing devices. In this context, it is to be understood that each "element" or "means" of
such a computing device refers to a conceptual equivalent of a method step; there is not always a one-to-one corre-
spondence between elements/means and particular pieces of hardware or software routines. One piece of hardware
sometimes comprises different means/elements. For example, a processing unit (cf. 14 in Fig. 2A) may serve as one
element/means when executing one instruction, but serve as another element/means when executing another instruction.
In addition, one element/means may be implemented by one instruction in some cases, but by a plurality of instructions
in some other cases. Naturally, it is conceivable that one or more elements (means) are implemented entirely by analog
hardware components.
[0107] The software controlled device 10 may include one or more processing units (cf. 14 in Fig. 2A), e.g. a CPU
("Central Processing Unit"), a DSP ("Digital Signal Processor"), an ASIC ("Application-Specific Integrated Circuit"),
discrete analog and/or digital components, or some other programmable logical device, such as an FPGA ("Field Pro-
grammable Gate Array"). The device 10 may further include a system memory and a system bus that couples various
system components including the system memory to the processing unit. The system bus may be any of several types
of bus structures including a memory bus or memory controller, a peripheral bus, and a local bus using any of a variety
of bus architectures. The system memory may include computer storage media in the form of volatile and/or non-volatile
memory such as read only memory (ROM), random access memory (RAM) and flash memory. The special-purpose
software may be stored in the system memory, or on other removable/non-removable volatile/non-volatile computer
storage media which is included in or accessible to the computing device, such as magnetic media, optical media, flash
memory cards, digital tape, solid state RAM, solid state ROM, etc. The data processing device 10 may include one or
more communication interfaces, such as a serial interface, a parallel interface, a USB interface, a wireless interface, a
network adapter, etc, as well as one or more data acquisition devices, such as an A/D converter. The special-purpose
software may be provided to the device 10 on any suitable computer-readable medium, including a record medium, and
a read-only memory.

5. Modification of difference pattern for suppressing strong touches (step 52’)

[0108] As explained above, the reconstruction function is adapted to operate on formatted signal values. The formatted
signal values are thus generated according to a predetermined formatting function or algorithm, which is defined with
respect to the reconstruction function. The formatted signal values may, but need not, be correct (at least in an approx-
imation) in view of the physical model that underlies the reconstruction function. The formatted signal values fit to the
reconstruction function to such an extent that the reconstruction function, if operated on the formatted signal values,
yields an attenuation pattern which is a better representation of the "true" attenuation pattern than the attenuation pattern
obtained by operating the reconstruction function on otherwise formatted signal values. Therefore, in the context of the
following disclosure, the former attenuation pattern is denoted "actual difference pattern" and the latter attenuation
pattern is denoted "modified difference pattern" or "distorted difference pattern". However, it should be understood that
the actual difference pattern may deviate, even significantly, from the true difference pattern, e.g. as a result of meas-
urement or processing noise, inaccuracy or non-linearity in signal detection, intentional or unintentional simplifications
in the physical model and/or reconstruction function, etc.
[0109] It is important to notice that the modified difference pattern need not be generated by modifying the change
values in step 52’ as indicated in Fig. 5. In a variant, the modification is implemented in step 51’, as part of the generation
of the change values.
[0110] The modification is achieved by active modification of one of more change values so as to suppress the influence
of strong attenuations in relation to weak attenuations in the resulting difference pattern. In the following, two main
approaches to generating modified change values will be exemplified in greater detail.

5.1. Use of a re-scaling function

[0111] One main approach to enhance weakly interacting touches over strongly interacting touches in the difference
pattern is to apply a re-scaling function, f, that reduces the dynamics between strong and weak touches in the change



EP 2 766 797 B1

14

5

10

15

20

25

30

35

40

45

50

55

values that are fed to the reconstruction function:

[0112] Here f is a function which applies the re-scaling function f element-wise to the change values in dst, to generate
the modified change values. The re-scaling function f will typically be a non-linear monotonically increasing function with
a decreasing rate of increase, i.e. the derivative of the function decreases with increasing change value.
[0113] Figs 9A-9C illustrate three examples of suitable re-scaling functions f. Fig. 9A is a graph of a logarithm-based
function, fl(dsk) = δ · sign(dsk) · log(1 + η · |dsk|), Fig. 9B is a graph of a re-scaling function based on the inverse hyperbolic

sine function, fa(dsk) = δ · asinh(η · dsk), and Fig. 9C is a graph of a re-scaling function based on a sigmoid function (the

logistic function),  All of these re-scaling functions are approxi-

mately linear close to dsk = 0, and the parameter η controls how soon (when dsk increases from 0) the re-scaling function

becomes significantly non-linear with the effect of scaling down large values of dsk. In the graphs of Figs 9A-9C, the

control parameter η was set to 1000, 1000 and 400, respectively. The parameter δ may be used to scale the function
linearly, for example so that the maximum change value is 1, if this is required by the reconstruction function. In another
embodiment the parameter δ may be chosen to let the derivative of the rescaling function be 1 when dsk = 0. It should

be noted that all of these re-scaling functions may handle negative signal values, since dsk generally is negative for

detection lines where touches have been removed (where they are present in It-n but not in It). Another approach, for

all re-scaling functions, would be to set f(dsk) = 0 when dsk < 0, e.g. when only positive difference peaks are of interest

for the touch data determination in step 56.
[0114] The above re-scaling functions are only given as examples, and the skilled person immediately realizes that
many other viable choices for f exist. A fast implementation of the rescaling may use a piece-wise linear interpolation
approximating the shape of the above-mentioned functions.
[0115] It should be noted that the subsequent reconstruction (step 53’ in Fig. 5) no longer aims at reconstructing a
close approximation of the true difference pattern. Instead, the ratio between strongly and weakly interacting touches
in the modified difference pattern is caused to deviate, possibly significantly, from the true ratio. This is acceptable if the
main task is to enable all relevant peaks to be detected and their locations to be estimated with sufficient accuracy. If
the absolute interaction strength of the peaks also needs to be accurately estimated, this may be obtained in several
ways. One way would be to, after the identification of peaks in the modified difference pattern (in step 54’), locally

reconstruct the actual difference pattern, by computing  at the required locations (e.g. locally around an

identified peak). If the function  produces significant artifacts from stronger touches, a more accurate (with less

artifacts) but more time-consuming reconstruction function  may be applied to locally reconstruct the actual difference
pattern at the required locations. Another way would be to use the iterative compensation approach, described below,
to suppress the contribution from all other touches in the change values dst before doing the reconstruction. Yet another

way would be to apply a compensating function, f’, to the modified difference pattern dat
τ, to counteract the effect of the

re-scaling function f, i.e.: 

[0116] It should be noted however, that in general the application of a non-linear re-scaling function f results in a

distortion of the reconstruction  which cannot be fully compensated by f’.

[0117] As noted in connection with the exemplifying re-scaling functions in Figs 9A-9C, the re-scaling function f may
have a parameter η that controls which signal values are mapped approximately linearly and which are mapped non-
linearly (scaled down). Such a control parameter η may be set depending on the range of signal levels produced by
strong and heavy touches, and/or the noise level. Typically, it may be a good idea to have the signal levels from the
weakest touches in the (approximately) linearly mapped range, and stronger touches in the (significantly) non-linearly
mapped range.

5.2 Use of iterative compensation

[0118] Another main approach to enhance weakly interacting touches over strongly interacting touches in the difference
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pattern is to obtain a reference pattern on the touch surface and to identify the locations of all strongly interacting touches
in the reference pattern. Then, the detection lines intersecting these locations are identified, and the change values for
these detection lines are modified to reduce the contribution from the strongly interacting touches.
[0119] The reference pattern should thus allow the locations of the strongly interacting touches to be determined. In
the following examples, the reference pattern is obtained by operating the reconstruction function on the change values
dst:

[0120] Thus, in step 52’ , the actual interaction pattern dat is obtained for use as a reference pattern. Then, modified

change values dst
τ are determined by suppressing or even removing, in the change values dst, the contribution from

the strong touches that were identified in the actual difference pattern dat. In this context "strong touches" may be formed

by all touches that are identifiable in the actual difference pattern dat, or by all touches with an interaction strength

(maximum attenuation value, average attenuation value, etc) that exceeds a given threshold. Thereafter, in step 53’,
the reconstruction function is operated on the modified change values to generate a modified difference pattern,

 in which weakly interacting touches are enhanced over strongly interacting touches.

[0121] In one embodiment, the modified difference values dst
τ are generated by decreasing the change values for

the affected detection lines by an estimated contribution of the strong touches to the respective change value.
[0122] In an alternative embodiment, which requires less processing and which may be more robust, the modified
change values dst

τ are generated by setting the change values of the affected detection lines to a value that indicates
a reduced interaction, e.g. by reducing these change values by a predetermined amount or percentage (fraction) or
setting them to a predefined value. In one embodiment, the predefined value is selected such that the strong touches
are essentially eliminated ("annihilated") in the subsequently modified difference pattern dat

τ. For example, the predefined
value may be set to indicate that the affected detection lines are unaffected by touches altogether. For example, the
predefined value may be zero (0).
[0123] By using such a predefined criterion, information about the weak touches is also eliminated from the change
values dst, but in general enough information from the weaker touches remains in the modified change values dst

τ to
make the weaker touches detectable in the modified difference pattern dat

τ and allow adequate identification of difference
peaks.
[0124] It is to be understood that the iterative compensation approach may be used with any reconstruction function

, and that it would be possible to configure the processing structure to perform further iterations within step 52’, i.e.
to generate further modified change values by removing the contribution from touches/peaks detected in a first modified
difference pattern, and to operate the reconstruction function on the further modified change values to generate a further
modified difference pattern, etc.
[0125] It is conceivable that the actual difference pattern dat is pre-processed before being used as the reference
pattern for identifying the detection lines that are affected by strong touches, for example for feature enhancement, noise
reduction etc. In an alternative, the reference pattern is obtained from an actual difference pattern or an offset pattern
determined in a preceding frame.
[0126] The strong touches may be identified by any known feature extraction technique, e.g. as discussed in relation
to steps 54 and 54’ in Fig. 5. Once the strong touches are identified, different techniques may be utilized to determine
the detection lines that are affected by the strong touches.
[0127] In one embodiment, step 52’ accesses a data structure that links regions on the touch surface to the detection
lines that intersect the regions. For example, if the difference pattern defines attenuation values in a grid of pixels on
the touch surface, the data structure may associate each pixel, which has a certain position in the coordinate system of
the touch surface, to a set of intersecting detection lines. Thereby, step 52’ may map the pixels included in each strong
touch to the data structure to identify the affected detection lines.
[0128] In another embodiment, each detection line is defined by first and second dimension values in a two-dimensional
sample space, such that the first and second dimension values define the location of the detection line on the touch
surface. For example, in the realm of Filtered Back Projection (FBP), it is not uncommon to define detection lines in
terms of a rotation angle ϕ of the detection line with respect to a reference direction, and a distance s of the detection
line from a predetermined origin. It is also well-known that the attenuation values may be mapped to a two-dimensional
sample space, a (ϕ, s) plane, so as to form a so-called sinogram. An example of such a sinogram is shown in Fig. 10,
in which each square represents a change value of a detection line. Each location on the touch surface corresponds to
a predetermined sinus curve in the (ϕ, s) plane. Fig. 10 illustrates three such curves P1-P3 that correspond to three
strong touches identified in a reference pattern. In fact, each illustrated curve P1-P3 is composed of several curves for
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each pixel covered by the respective strong touch in the reference pattern. Furthermore, each such curve is given a
certain width in the s direction, so as to form a band in the (ϕ, s) plane. The width may be set in dependence of the size
of the pixels in the reference pattern. It is realized that the affected detection lines may be identified by simply mapping
the location of each strong touch in the reference pattern to its corresponding curve P1-P3 in the (ϕ, s) plane, and by
intersecting each curve P1-P3 with the detection lines as mapped to the (ϕ, s) plane. If the change values are mapped
to form a sinogram in the (ϕ, s) plane, as shown in Fig. 10, the predetermined criterion may be applied at the same time
as the mapping, e.g. by setting all change values intersected by the curves P1-P3 to a predetermined value, e.g. zero.
For comparison, Fig. 10 also includes a curve P4 (dotted line) that corresponds to a weak touch, which is not detectable
in reference pattern. It is realized that even if the change values of all affected detection lines are set to zero, a significant
amount of change values remains along curve P4 enabling the reconstruction function to generate a modified difference
pattern in which the weak touch is detectable.
[0129] It should be realized that there are other parameter representations of the detection lines that may be used to
define the sample space. For example, the detection lines can be represented in a (β, α) plane, as is used in a fan
geometry which is a standard geometry widely used in conventional tomography e.g. in the medical field. In such standard
geometries, the detection lines may be defined in terms of an angular location β of the incoupling or outcoupling point
of the detection line with respect to a reference direction, and a rotation angle α of the detection line. Alternatively, the
incoupling points and the outcoupling points may be given by respective unique indexes, whereby a first dimension of
the sample space is given by an index of the incoupling points, and the second dimension of the sample space is given
by an index of the outcoupling points.

6. Concluding remarks

[0130] While the invention has been described in connection with what is presently considered to be the most practical
and preferred embodiments, it is to be understood that the invention is not limited to the disclosed embodiments, but on
the contrary, is intended to cover various modifications and equivalent arrangements included within the scope of the
appended claims.
[0131] It is to be understood that the offset pattern and/or the (modified) difference pattern may be subjected to post-
processing before peak detection (cf. steps 54, 54’ in Fig. 5). Such post-processing may involve different types of filtering,
for noise removal and/or image enhancement.
[0132] The person skilled in the art realizes that there are other ways of generating formatted signal values based on
the output signal. For example, each individual projection signal included in the output signal may be subjected to a
high-pass filtering in the time domain, whereby the thus-filtered projection signals represent background-compensated
energy/power and may be processed for generation of formatted signal values.
[0133] Still further, the difference pattern dat may be obtained in other ways than using data obtained in a single

previous frame. For example, the change values dst may be generated as a function of a difference between a current

projection value It and a temporally low-pass filtered projection value It-k, e.g.  where

It-k may be computed using any temporal low-pass filter. One such example is an exponential forget filter:

 where 0 < ε ≤ 1. It is also possible to compute It-k using a moving average,

etc. In all of these examples, k may have any suitable number, including 0. It is thus understood that It-k may be calculated

as a function of the projection values in a plurality of preceding iterations (and possibly the current iteration), so as to
represent the projection value at an earlier time point, where the time period between the current time point and the
earlier time point corresponds to the time scale in the change values dst, and thus the difference pattern dat.

[0134] Analogously, the difference pattern may be generated as a difference between a current total attenuation pattern

and a temporally low-pass filtered (pixel-by-pixel) total attenuation pattern:  where k may have

any suitable number, including 0.
[0135] Still further, it is conceivable to generate difference patterns for more than one time difference in order to improve
the detection of weak touches. For example, a first difference pattern may be tailored to accurately capture medium
velocity movements and a second difference pattern may be designed to capture fast movements. Here, the first difference
pattern may represent a longer time difference than the second difference pattern.
[0136] Furthermore, all the above embodiments, examples, variants and alternatives given with respect to an FTIR
system may be equally applicable to a touch-sensitive apparatus that operates by transmission of other energy than
light. In one example, the touch surface may be implemented as an electrically conductive panel, the emitters and
sensors may be electrodes that couple electric currents into and out of the panel, and the output signal may be indicative
of the resistance/impedance of the panel on the individual detection lines. In another example, the touch surface may
include a material acting as a dielectric, the emitters and sensors may be electrodes, and the output signal may be
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indicative of the capacitance of the panel on the individual detection lines. In yet another example, the touch surface
may include a material acting as a vibration conducting medium, the emitters may be vibration generators (e.g. acoustic
or piezoelectric transducers), and the sensors may be vibration sensors (e.g. acoustic or piezoelectric sensors).

Claims

1. A method of enabling touch determination based on an output signal from a touch-sensitive apparatus (100), the
touch-sensitive apparatus (100) comprising a panel (4) configured to conduct signals from a plurality of incoupling
points to a plurality of outcoupling points, thereby defining detection lines (D) that extend across a surface portion
(1) of the panel (4) between pairs of incoupling and outcoupling points, at least one signal generator (2) coupled to
the incoupling points to generate the signals, and at least one signal detector (3) coupled to the outcoupling points
to generate the output signal which is indicative of one or more objects touching the surface portion (1), wherein
the method comprises a sequence of iterations, each iteration comprising the steps of:

obtaining, based on the output signal, a current signal value (It) for each detection line (D),
generating a first interaction pattern (ot) and a second interaction pattern (dat) as a function of the current signal
values (It), such that the first and second interaction patterns (ot, dat) are reconstructed two-dimensional dis-
tributions of local interaction with the conducted signals across the surface portion (1), wherein the first and
second interaction patterns (ot, dat) are generated to represent changes in interaction on different time scales,
and
jointly processing the first and second interaction patterns (ot, dat) for determination of current touch data
representing said one or more objects on the surface portion (1), wherein said jointly processing comprises:
matching a first set of peaks identified in the first interaction pattern (ot) and a second set of peaks identified in
the second interaction pattern (dat) to touch data of existing touches stored in a history list (THLt-1), and updating
the history list (THLt-1) based on said matching,
wherein said updating comprises, for each existing touch that matches at least one peak in the first and second
sets of peaks, determining current touch data as a function of said at least one peak and changing the touch
data in the history list (THLt-1) to reflect the current touch data.

2. The method of any preceding claim, wherein the second interaction pattern (dat) is generated to represent changes
in interaction occurring on a time scale in the approximate range of 5 ms - 5 s, and wherein the first interaction
pattern (ot) is generated to represent changes on a longer time scale than the second interaction pattern (dat).

3. The method of any preceding claim, wherein the second interaction pattern (dat) is generated to represent a change
in accumulated interaction on the surface portion (1) between the current iteration and a preceding iteration or a
difference between an accumulated interaction on the surface portion (1) at the current iteration and a time average
of accumulated interaction on the surface portion (1).

4. The method of any preceding claim, wherein said generating the second interaction pattern (dat) comprises: retrieving

a current reference value (It-n, It-k) for each detection line (D), the current reference value (It-n, It-k) being representative

of the current signal value obtained in one or more iterations in the sequence of iterations; calculating a change
value (dst) for each detection line (D) as a function of the current signal value (It) and the current reference value

(It-n, It-k); and operating a reconstruction function ( ) on the change values (dst) to determine the second interaction

pattern (dat).

5. The method of any preceding claim, wherein said generating the second interaction pattern (dat) comprises:

enhancing weak interactions over strong interactions in the second interaction pattern (dat), and
obtaining a measured change (dst) in interaction for each detection line (D),
wherein said enhancing weakly interacting touches comprises: actively modifying the measured change (dst)
in interaction for at least part of the detection lines (D).

6. The method of claim 5, wherein said enhancing comprises: relatively decreasing the measured change (dst) for the
detection lines (D) with the highest measured change.
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7. The method of any one of claims 5 or 6, wherein said enhancing comprises:

applying a predetermined re-scaling function (f) to the measured change (dst) for the detection lines (D).

8. The method of claim 1, wherein either said first and second sets of peaks are identified in the first and second
interaction patterns (ot, dat) that are generated in the current iteration, or wherein said first set of peaks are identified
in the first interaction pattern (ot-1) generated in a preceding iteration, and said second set of peaks are identified
in the second interaction pattern (dat) generated in the current iteration.

9. The method of claim 1, wherein, if the existing touch matches a first peak in the first set of peaks and a second peak
in the second set of peaks, the current touch data is determined by applying a set of heuristics which is dependent
on at least one of an estimated velocity of the existing touch and a distance between the first and second peaks.

10. A device for enabling touch determination based on an output signal from a touch-sensitive apparatus (100), the
touch-sensitive apparatus (100) comprising a panel (4) configured to conduct signals from a plurality of incoupling
points to a plurality of outcoupling points, thereby defining detection lines (D) that extend across a surface portion
(1) of the panel (4) between pairs of incoupling and outcoupling points, at least one signal generator (2) coupled to
the incoupling points to generate the signals, and at least one signal detector (3) coupled to the outcoupling points
to generate the output signal which is indicative of one or more objects touching the surface portion (1), said device
comprising:

a signal processor (10) configured to, repeatedly in a sequence of iterations:

obtain, based on the output signal, a current signal value (It) for each detection line (D),
generate a first interaction pattern (ot) and a second interaction pattern (dat) as a function of the current
signal values (It), such that the first and second interaction patterns (ot, dat) are reconstructed two-dimen-
sional distributions of local interaction with the conducted signals across the surface portion (1), wherein
the first and second interaction patterns (ot, dat) are generated to represent changes in interaction on
different time scales, and
jointly process the first and second interaction patterns (ot, dat) for determination of current touch data
representing said one or more objects on the surface portion (1), wherein said jointly processing comprises:
matching a first set of peaks identified in the first interaction pattern (ot) and a second set of peaks identified
in the second interaction pattern (dat) to touch data of existing touches stored in a history list (THLt-1), and
updating the history list (THLt-1) based on said matching,

wherein said updating comprises, for each existing touch that matches at least one peak in the first and second
sets of peaks, determining current touch data as a function of said at least one peak and changing the touch
data in the history list (THLt-1) to reflect the current touch data.

Patentansprüche

1. Verfahren zum Ermöglichen der Berührungsbestimmung auf der Basis eines Ausgangssignals von einem berüh-
rungsempfindlichen Gerät (100), wobei das berührungsempfindliche Gerät (100) ein Panel (4) umfasst, das dafür
ausgelegt ist, Signale von mehreren Einkopplungspunkten zu mehreren Auskopplungspunkten zu leiten, wodurch
Erkennungslinien (D) definiert werden, die sich über einen Oberflächenteil (1) des Panels (4) zwischen Paaren von
Einkopplungs- und Auskopplungspunkten erstrecken, wobei mindestens ein Signalgenerator (2) mit den Einkopp-
lungspunkten verbunden ist, um die Signale zu erzeugen, und mindestens ein Signaldetektor (3) mit den Auskopp-
lungspunkten verbunden ist, um das Ausgangssignal zu erzeugen, das auf ein oder mehrere Objekte hinweist, die
den Oberflächenteil (1) berühren, wobei das Verfahren eine Folge von Iterationen umfasst, wobei jede Iteration die
folgenden Schritte umfasst:

auf der Basis des Ausgangssignals, Gewinnen eines aktuellen Signalwertes (It) für jede Erkennungslinie (D),
Erzeugen eines ersten Interaktionsmusters (ot) und eines zweiten Interaktionsmusters (dat) als Funktion der
aktuellen Signalwerte (It) derart, dass das erste und zweite Interaktionsmuster (ot, dat) rekonstruierte zweidi-
mensionale Verteilungen der lokalen Interaktion mit den geleiteten Signalen über den Oberflächenteil (1) sind,
wobei das erste und zweite Interaktionsmuster (ot, dat) zur Bestimmung von aktuellen Berührungsdaten erzeugt
werden, um Änderungen in der Wechselwirkung auf unterschiedlichen Zeitskalen zu repräsentieren, und
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gemeinsames Verarbeiten des ersten und zweiten Interaktionsmusters (ot, dat) zur Bestimmung der aktuellen
Berührungsdaten, die ein oder mehrere Objekte auf dem Oberflächenteil (1) repräsentieren, wobei das gemein-
same Verarbeiten umfasst: Anpassen eines ersten Satzes von Peaks, die im ersten Interaktionsmuster (ot)
identifiziert werden, und eines zweiten Satzes von Peaks, die im zweiten Interaktionsmuster (dat) identifiziert
werden, um Daten von vorhandenen Berührungen zu berühren, die in einer vorgeschichtlichen Liste (THLt-1)
gespeichert sind, und Aktualisieren der vorgeschichtlichen Liste (THLt-1) auf der Basis der Anpassung,
wobei die Aktualisierung für jede existierende Berührung, die mit mindestens einem Peak im ersten und zweiten
Satz von Peaks übereinstimmt, das Bestimmen von aktuellen Berührungsdaten als Funktion des mindestens
einen Peaks und das Ändern der Berührungsdaten in der vorgeschichtlichen Liste (THLt-1) umfasst, um die
aktuellen Berührungsdaten zu reflektieren.

2. Verfahren nach einem vorhergehenden Anspruch, wobei das zweite Interaktionsmuster (dat) erzeugt wird, um
Änderungen in der Wechselwirkung zu repräsentieren, die auf einer Zeitskala im ungefähren Bereich von 5 ms - 5
s auftreten, und wobei das erste Interaktionsmuster (ot) erzeugt wird, um Änderungen auf einer längeren Zeitskala
als das zweite Interaktionsmuster (dat) zu repräsentieren.

3. Verfahren nach einem der vorherigen Ansprüche, wobei das zweite Interaktionsmuster (dat) erzeugt wird, um eine
Änderung in der akkumulierten Interaktion auf dem Oberflächenteil (1) zwischen der aktuellen Iteration und einer
vorhergehenden Iteration oder eine Differenz zwischen einer akkumulierten Interaktion auf dem Oberflächenteil (1)
bei der aktuellen Interaktion und einem Zeitdurchschnitt der akkumulierten Interaktion auf dem Oberflächenteil (1)
zu repräsentieren.

4. Verfahren nach einem der vorherigen Ansprüche, wobei das Erzeugen des zweiten Interaktionsmusters (dat) um-
fasst:

Abrufen eines aktuellen Referenzwertes (It-n, It-k) für jede Erkennungslinie (D), wobei der aktuellen Referenzwert

(It-n, It-k) repräsentativ für den aktuellen Signalwert ist, der in einer oder mehreren Iterationen in der Folge von

Iterationen gewonnen wurde;
Berechnen eines Änderungswertes (dst) für jede Erkennungslinie (D) als Funktion des aktuellen Signalwertes

(It) und des aktuellen Referenzwertes (It-n, It-k); und

Ausführen einer Rekonstruktionsfunktion ( ) an den Änderungswerten (dst), um das zweite Interaktionsmus-

ter (dat) zu bestimmen.

5. Verfahren nach einem der vorherigen Ansprüche, wobei das Erzeugen des zweiten Interaktionsmusters (dat) um-
fasst:

Verstärken von schwachen Wechselwirkungen über starke Wechselwirkungen im zweiten Wechselwirkungs-
muster (dat), und
Gewinnen einer gemessenen Änderung (dst) in der Wechselwirkung für jede Erkennungslinie (D), wobei das
Verstärken von schwachen Interaktionsberührungen umfasst: aktives Modifizieren der gemessenen Änderung
(dst) in der Wechselwirkung zumindest für einen Teil der Erkennungslinien (D).

6. Verfahren nach Anspruch 5, wobei das Verstärken umfasst: relative Verringerung der gemessenen Änderung (dst)
für die Erkennungslinien (D) mit der höchsten gemessenen Änderung.

7. Verfahren nach einem der Ansprüche 5 oder 6, wobei die Verstärkung umfasst:

Anwenden einer vorgegebenen Redimensionierungsfunktion (f) auf die gemessene Änderung (dst) für die
Erkennungslinien (D).

8. Verfahren nach Anspruch 1, wobei sowohl der erste wie auch der zweite Satz von Peaks im ersten und zweiten
Interaktionsmuster (ot, dat) identifiziert werden, die in der aktuellen Iteration erzeugt werden, oder wobei der erste
Satz von Peaks im ersten Interaktionsmuster (ot-1) identifiziert wird, das in einer vorherigen Iteration erzeugt wurde,
und der zweite Satz von Peaks im zweiten Interaktionsmuster (dat) identifiziert wird, das in der aktuellen Iteration
erzeugt wird.
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9. Verfahren nach Anspruch 1, wobei wenn die vorhandene Berührung einem ersten Peak im ersten Satz von Peaks
und einem zweiten Peak im zweiten Satz von Peaks entspricht, die aktuellen Berührungsdaten durch Anwenden
eines Satzes von Heuristiken bestimmt werden, der von mindestens einem Element aus einer abgeschätzten Ge-
schwindigkeit der vorhandenen Berührung und einem Abstand zwischen dem ersten und zweiten Peak abhängt.

10. Gerät zum Ermöglichen der Berührungsbestimmung auf der Basis eines Ausgangssignals von einer berührungs-
empfindlichen Vorrichtung (100), wobei die berührungsempfindliche Vorrichtung (100) ein Panel (4) umfasst, das
zum Leiten von Signalen von mehreren Einkopplungspunkten zu mehreren Auskopplungspunkten ausgelegt ist,
wodurch Erkennungslinien (D) definiert werden, die sich über einen Oberflächenteil (1) des Panels (4) zwischen
Paaren von Einkopplungs- und Auskopplungspunkten erstrecken, wobei mindestens ein Signalgenerator (2) mit
den Einkopplungspunkten verbunden ist, um die Signale zu erzeugen, und mindestens ein Signalgenerator (3) mit
den Auskopplungspunkten verbunden ist, um das Ausgangssignal zu erzeugen, das auf ein oder mehrere Objekte
hinweist, die den Oberflächenteil (1) berühren, wobei das Gerät umfasst:

einen Signalgenerator (10), der dafür ausgelegt ist, in einer Folge von Iterationen zum wiederholten Mal:

auf der Basis des Ausgangssignals, einen aktuellen Signalwert (It) für jede Erkennungslinie (D) zu erhalten,
ein erstes Interaktionsmuster (ot) und ein zweites Interaktionsmuster (dat) als Funktion der aktuellen Sig-
nalwerte (It) derart zu erzeugen, dass das erste und zweite Interaktionsmuster (ot, dat) rekonstruierte
zweidimensionale Verteilungen der lokalen Interaktion mit den geleiteten Signalen über den Oberflächenteil
(1) sind, wobei das erste und zweite Interaktionsmuster (ot, dat) erzeugt werden, um Änderungen in der
Interaktion auf verschiedenen Zeitskalen darzustellen, und
gemeinsam das erste und zweite Interaktionsmuster (ot, dat) zur Bestimmung von aktuellen Berührungs-
daten zusammen zu verarbeiten, die ein oder mehrere Objekte auf dem Oberflächenteil (1) repräsentieren,
wobei die gemeinsame Verarbeitung umfasst: Anpassen eines ersten Satzes von Peaks, die im ersten
Interaktionsmuster (ot) identifiziert werden, und eines zweiten Satzes von Peaks, die im zweiten Interakti-
onsmuster (dat) identifiziert werden, um Daten von vorhandenen Berührungen zu berühren, die in einer
vorgeschichtlichen Liste (THLt-1) gespeichert sind, und Aktualisieren der vorgeschichtlichen Liste (THLt-1)
auf der Basis der Anpassung,

wobei die Aktualisierung für jede existierende Berührung, die mit mindestens einem Peak im ersten und zweiten
Satz von Peaks übereinstimmt, das Bestimmen von aktuellen Berührungsdaten als Funktion des mindestens
einen Peaks und das Ändern der Berührungsdaten in der vorgeschichtlichen Liste (THLt-1) umfasst, um die
aktuellen Berührungsdaten widerzuspiegeln.

Revendications

1. Procédé pour permettre une détermination tactile sur la base d’un signal de sortie provenant d’un appareil tactile
(100), l’appareil tactile (100) comprenant un panneau (4) configuré pour conduire des signaux depuis une pluralité
de points de couplage d’entrée à une pluralité de points de couplage de sortie, définissant ainsi des lignes de
détection (D) qui s’étendent à travers une partie de surface (1) du panneau (4) entre des paires de points de couplage
d’entrée et de couplage de sortie, au moins un générateur de signal (2) couplé aux points de couplage d’entrée
pour produire les signaux, et au moins un détecteur de signal (3) couplé aux points de couplage de sortie pour
produire le signal de sortie qui est indicatif d’un ou plusieurs objets touchant la partie de surface (1),
dans lequel le procédé comprend une séquence d’itérations, chaque itération comprenant les étapes consistant à :

obtenir, sur la base du signal de sortie, une valeur de signal courante (It) pour chaque ligne de détection (D),
produire un premier motif d’interaction (ot) et un second motif d’interaction (dat) comme une fonction des valeurs
de signal courantes (It), de sorte que les premier et second motifs d’interaction (ot, dat) sont des distributions
bidimensionnelles reconstruites d’interaction locale avec les signaux conduits à travers la partie de surface (1),
dans lequel les premier et second motifs d’interaction (ot, dat) sont produits pour représenter des changements
d’interaction à différentes échelles de temps, et
traiter de manière conjointe les premier et second motifs d’interaction (ot, dat) pour la détermination de données
tactiles courantes représentant lesdits un ou plusieurs objets sur la partie de surface (1), dans lequel ledit
traitement de manière conjointe comprend : la mise en correspondance d’un premier ensemble de pics identifiés
dans le premier motif d’interaction (ot) et d’un second ensemble de pics identifiés dans le second motif d’inte-
raction (dat) avec des données tactiles de touchers existants stockées dans une liste d’historique (THLt-1) et
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la mise à jour de la liste d’historique (THLt-1) sur la base de ladite mise en correspondance,
dans lequel ladite mise à jour comprend, pour chaque toucher existant qui correspond à au moins un pic dans
les premier et second ensembles de pics, la détermination de données tactiles courantes comme une fonction
dudit au moins un pic et le changement des données tactiles dans la liste d’historique (THLt-1) pour refléter les
données tactiles courantes.

2. Procédé selon l’une quelconque des revendications précédentes, dans lequel le second motif d’interaction (dat) est
produit pour représenter des changements dans l’interaction se produisant à une échelle de temps dans la plage
approximative de 5 ms à 5 s, et dans lequel le premier motif d’interaction (ot) est produit pour représenter des
changements à une échelle de temps plus longue que le second motif d’interaction (dat).

3. Procédé selon l’une quelconque des revendications précédentes, dans lequel le second motif d’interaction (dat) est
produit pour représenter un changement d’une interaction accumulée sur la partie de surface (1) entre l’itération
courante et une itération précédente ou une différence entre une interaction accumulée sur la partie de surface (1)
au niveau de l’itération en cours et une moyenne temporelle d’interaction accumulée sur la partie de surface (1).

4. Procédé selon l’une quelconque des revendications précédentes, dans lequel ladite production du second motif
d’interaction (dat) comprend : la récupération d’une valeur de référence courante (It-n, It-k) pour chaque ligne de

détection (D), la valeur de référence courante (It-n, It-k) étant représentative de la valeur de signal courante obtenue

dans une ou plusieurs itérations dans la séquence d’itérations; le calcul d’une valeur de changement (dst) pour

chaque ligne de détection (D) comme une fonction de la valeur de signal courante (It) et de la valeur de référence

courante (It-n, It-k); et la mise en oeuvre d’une fonction de reconstruction (P’) sur les valeurs de changement (dst)

pour déterminer le second motif d’interaction (dat).

5. Procédé selon l’une quelconque des revendications précédentes, dans lequel ladite production du second motif
d’interaction (dat) comprend :

l’amélioration d’interactions faibles par rapport à des interactions fortes dans le second motif d’interaction (dat), et
l’obtention d’un changement mesuré (dst) d’interaction pour chaque ligne de détection (D),
dans lequel ladite amélioration de touchers à faible interaction comprend : une modification active du change-
ment mesuré (dst) d’interaction pour au moins une partie des lignes de détection (D).

6. Procédé selon la revendication 5, dans lequel ladite amélioration comprend : une diminution relative du changement
mesuré (dst) pour les lignes de détection (D) avec le changement mesuré le plus élevé.

7. Procédé selon l’une quelconque des revendications 5 ou 6, dans lequel ladite amélioration comprend :

l’application d’une fonction de redimensionnement prédéterminée (f) au changement mesuré (dst) pour les
lignes de détection (D).

8. Procédé selon la revendication 1, dans lequel soit lesdits premier et second ensembles de pics sont identifiés dans
les premier et second motifs d’interaction (ot, dat) qui sont produits dans l’itération courante, soit dans lequel ledit
premier ensemble de pics est identifié dans le premier motif d’interaction (ot-1) produit dans une itération précédente,
et ledit second ensemble de pics est identifié dans le second motif d’interaction (dat) produit dans l’itération courante.

9. Procédé selon la revendication 1, dans lequel, si le toucher existant correspond à un premier pic dans le premier
ensemble de pics et à un second pic dans le second ensemble de pics, les données tactiles courantes sont déter-
minées en appliquant un ensemble d’heuristiques qui dépend d’au moins une parmi une vitesse estimée du toucher
existant et d’une distance entre les premier et second pics.

10. Dispositif pour permettre une détermination tactile sur la base d’un signal de sortie provenant d’un appareil tactile
(100), l’appareil tactile (100) comprenant un panneau (4) configuré pour conduire des signaux depuis une pluralité
de points de couplage d’entrée à une pluralité de points de couplage de sortie, définissant ainsi des lignes de
détection (D) qui s’étendent à travers une partie de surface (1) du panneau (4) entre des paires de points de couplage
d’entrée et de couplage de sortie, au moins un générateur de signal (2) couplé aux points de couplage d’entrée
pour produire les signaux, et au moins un détecteur de signal (3) couplé aux points de couplage de sortie pour
produire le signal de sortie qui est indicatif d’un ou plusieurs objets touchant la partie de surface (1), ledit dispositif



EP 2 766 797 B1

22

5

10

15

20

25

30

35

40

45

50

55

comprenant :

un processeur de signal (10) configuré pour, de manière répétée dans une séquence d’itérations :

obtenir, sur la base du signal de sortie, une valeur de signal courante (It) pour chaque ligne de détection (D),
produire un premier motif d’interaction (ot) et un second motif d’interaction (dat) comme une fonction des
valeurs de signal courantes (It), de sorte que les premier et second motifs d’interaction (ot, dat) sont des
distributions bidimensionnelles reconstruites d’interaction locale avec les signaux conduits à travers la
partie de surface (1), dans lequel les premier et second motifs d’interaction (ot, dat) sont produits pour
représenter des changements d’interaction à différentes échelles de temps, et
traiter de manière conjointe les premier et second motifs d’interaction (ot, dat) pour la détermination de
données tactiles courantes représentant lesdits un ou plusieurs objets sur la partie de surface (1), dans
lequel ledit traitement de manière conjointe comprend : la mise en correspondance d’un premier ensemble
de pics identifiés dans le premier motif d’interaction (ot) et d’un second ensemble de pics identifiés dans
le second motif d’interaction (dat) avec des données tactiles de touchers existants stockées dans une liste
d’historique (THLt-1) et la mise à jour de la liste d’historique (THLt-1) sur la base de ladite mise en corres-
pondance,

dans lequel ladite mise à jour comprend, pour chaque toucher existant qui correspond à au moins un pic dans
les premier et second ensembles de pics, la détermination de données tactiles courantes comme une fonction
dudit au moins un pic et du changement des données tactiles dans la liste d’historique (THLt-1) pour refléter
les données tactiles courantes.
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