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(57) Abstract: Systems and methods are disclosed herein for determining the amounts of force applied by at least two fingers of a 
user to a touch input device having a touch input surface. In one example, a system may include a plurality of force sensors distrib 
uted about the touch input surface; a plurality of touch sensors distributed about the touch input surface; and a module for apportion 

ing a first amount of force as measured by the plurality of force sensors to one of the at least two fingers, and for apportioning a 
f4 second amount of force as measured by the plurality of force sensors to another of the at least two fingers. The system may also in 

clude a persistent data structure including force calibration data with force deflection measurement values as measured by each of 
the plurality of force sensors in response to a standardized force applied to various known locations on the touch input surface. The 
system may also include one or more matched filter modules.
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APPORTIONMENT OF FORCES FOR MULTI-TOUCH INPUT 

DEVICES OF ELECTRONIC DEVICES 

Technical Field 

[0001] This disclosure relates, in general, to input devices for electronic devices, and more 

5 particularly, to touch input devices such as touch screens or track pads.  

Background 

[0002] Electronic devices, such as computing devices, have various input mechanisms such 

as keyboards, touchscreens, track pads, and so on, which users utilize to access and control 

the computing device.  

0 [0003] In a typical touch-based input device, such as a track pad or touch screen, a user 

can move his finger across an input surface of the touch-based input device. In response, 

the touch-based input device detects the finger's movement. In some touch-based input 

devices (for example, track pads and certain mice), the device may also detect, in binary 

fashion, when the user presses downwardly on the input surface, such as to select or 

5 engage a button or control displayed on the computing device. Generally, however, such 

devices do not register or process a range of inputs that can be correlated to a range of 

forces exerted on the input surface.  

[0004] Further with respect to typical touch-based input devices, if a user depresses the 

input surface with two fingers in differing locations, the input surface cannot determine forces 

'0 applied by the two fingers and cannot assign forces (or estimates of forces) separately to 

each region touched by the user. That is, touch-based input devices, even those that have 

some force-sensing capability, generally cannot partition forces between multiple 

simultaneous inputs.  

[0005] As recognized by the present inventors, what is needed are methods and systems for 

25 detecting multi-touch inputs from users on electronic devices and apportioning the forces 

detected among multiple finger inputs.  

Summary 

[0006] According to a first aspect of the present invention, there is provided in an electronic 

device, a system for determining the amounts of forces applied by at least two fingers of a 

30 user to a touch input device having a touch input surface, comprising: a plurality of force 
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sensors distributed about the touch input surface; a plurality of touch sensors distributed 

about the touch input surface; and a module for apportioning a first amount of force as 

measured by the plurality of force sensors to a first finger of the at least two fingers, and for 

apportioning a second amount of force as measured by the plurality of force sensors to a 

5 second finger of the at least two fingers, the module configured to: receive input from the 

plurality of touch sensors corresponding to a first touch location associated with the first 

finger and to a second touch location associated with the second finger; receive input from 

the plurality of force sensors corresponding to a deflection of the touch input surface as a 

result of the first finger touching the first touch location and the second finger touching the 

0 second touch location; and modify the input received from the plurality of force sensors using 

a first vector of force calibration data corresponding to the first touch location and a second 

vector of force calibration data corresponding to the second touch location.  

[0007] In one example, the system may also include a persistent data structure including 

force calibration data. The force calibration data may include force deflection measurement 

5 values as measured by each of the plurality of force sensors in response to a standardized 

force applied to various known locations on the touch input surface.  

[0008] In another example, the system may include one or more matched filter modules.  

The module for apportioning may include a matched filter module.  

[0009] In one example, the touch sensors may detect one or more locations of one or more 

'0 touches that occur simultaneously on the touch input surface. The module for apportioning 

may provide force data related to an amount of force applied by one of the at least two 

fingers on the touch input surface, and may provide force data related to an amount of force 

applied by another of the at least two fingers on the touch input surface. The module may 

examine an amount of force measured at each of the plurality of force sensors in relations to 

25 the force calibration data.  

[0010] In one example, the touch input surface may include a flexible layer, such as a 

flexible glass or transparent layer, that deflects in response to the force applied by the at 

least two fingers of the user.  

[0011] The touch input device may be in various forms, such as a track pad, a touch screen, 

30 or other touch input device.  
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[0012] According to a second aspect of the present invention, there is provided a method for 

determining amounts of forces applied by at least two fingers of a user to a touch input 

surface of an electronic device having a plurality of force sensors associated with the touch 

input surface, the method comprising: providing calibration data for the electronic device, the 

5 calibration data including force deflection measurement vectors comprising measurements 

by each of the plurality of force sensors in response to a standardized force applied to a 

plurality of varied known locations on the touch input surface; detecting a first touch at a first 

location; detecting a second touch at a second location; obtaining force data measured by 

the plurality of force sensors; modifying the obtained force data based on force deflection 

0 measurement vectors associated with the first location and the second location; apportioning 

a first amount of force as measured by the plurality of force sensors to one of the first 

location or the second location; and apportioning a second amount of force as measured by 

the plurality of force sensors to one of the first location or the second location.  

[0013] The electronic device may take various forms, such as a smart phone, tablet 

5 computing device, portable computing device, or other forms.  

[0014] According to third aspect of the present invention, there is provided an electronic 

device, comprising a processor; a memory including a persistent memory, the memory 

coupled with the processor; a flexible touch input surface which deforms in response to two 

or more touches applied by a user to the touch input surface; a plurality of touch sensors 

'0 distributed about the touch input surface, the touch sensors detecting one or more locations 

of the one or more touches that occur simultaneously on the touch input surface; a plurality 

of force sensors distributed about the touch input surface; and a module for apportioning a 

first amount of force as measured by the plurality of force sensors to a first touch location, 

and for apportioning a second amount of force as measured by the plurality of force sensors 

25 to a second touch location, using force calibration data obtained for the plurality of force 

sensors in response to a standardized force applied to the first touch location and the 

second touch location.  

[0015] In one example, the persistent memory may include force calibration data having a 

plurality of force deflection measurement values as measured by each of the plurality of 

30 force sensors in response to a standardized force applied to a plurality of varied known 

locations on the touch input surface. The module for apportioning may include a matched 

filter module. In another example, the module for apportioning may provide force data 
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related to an amount of force applied by one of the at least two fingers on the touch input 

surface, and may provide force data related to an amount of force applied by another of the 

at least two fingers on the touch input surface. The module may examine an amount of 

force measured at each of the plurality of force sensors in relations to the force calibration 

5 data.  

[0016] Other embodiments of the disclosure are described herein. The features, utilities and 

advantages of various embodiments of this disclosure will be apparent from the following 

more particular description of embodiments as illustrated in the accompanying drawings.  

Brief Description of the Drawings 

0 [0017] Figure 1 illustrates an example of an electronic device with a flexible touchscreen, in 

accordance with one embodiment of the present disclosure.  

[0018] Figure 2 illustrates an example of an electronic device having a plurality of force 

sensors distributed under the flexible touchscreen, in accordance with one embodiment of 

the present disclosure.  

3a
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[0019] Figure 3 illustrates an example of a block diagram of a force apportionment module 

for use in an electronic device, in accordance with one embodiment of the present 

disclosure.  

[0020] Figure 4 illustrates an example of a block diagram of an electronic device having a 

5 force apportionment module incorporated therein, in accordance with one embodiment of the 

present disclosure.  

[0021] Figure 5 illustrates an example of generating calibration data relating to distribution of 

forces in response to a unit of force applied to various known locations on a flexible 

touchscreen of an electronic device, in accordance with one embodiment of the present 

10 disclosure.  

[0022] Figure 6 illustrates an example of a process for apportioning forces among multiple 

input fingers depressed upon a flexible touchscreen, in accordance with one embodiment of 

the present disclosure.  

[0023] Figure 7 illustrates an example of force data as received by sensors in response to 

15 two fingers of a user depressing upon a flexible touchscreen, in accordance with one 

embodiment of the present disclosure.  

[0024] Figure 8 illustrates an example of Gaussian profiles of forces on a flexible 

touchscreen, in accordance with one example of the present disclosure.  

[0025] Figure 9 illustrates an example of another electronic device having a touch input 

20 surface which may incorporate embodiments of the present disclosure.  

[0026] Figures 1 OA-C illustrate an example of improving matched filter accuracy to account 

for possible drops of a device, in accordance with one example of the present disclosure.  

[0027] Figures 1 1A-E illustrate another example of improving matched filter accuracy to 

account for possible drops of a device, in accordance with one example of the present 

25 disclosure.  

Detailed Description 

[0028] Disclosed herein are various examples of mechanisms to detect the location and the 

amount of force imparted by one or multiple fingers of a user onto a touch-sensing input 

surface of an electronic device. The mechanisms can provide, as outputs, coordinates of 

30 the location of a user's fingers on the touch input device when a depression was detected, 

as well as values representing the forces of each of the depressions attributable to each 

4



WO 2015/163842 PCT/US2014/034791 

user's fingers. In this manner, if a user depresses the touch input device with two fingers 

simultaneously in different locations with the same or differing amounts of force, 

embodiments of the present disclosure can detect those two depressions, determine the 

coordinates of both depressions, and determine the amounts of force corresponding to each 

5 of the two depressions.  

[0029] Embodiments of the present disclosure can be utilized in various electronic devices, 

such as (in one non-limiting example) as or in conjunction with a touchscreen of a mobile 

phone or tablet computer or other portable electronic device (see, e.g., devices 20 in Figs. 1

2, 9). In another example, a touchpad/trackpad input device can be formed utilizing one or 

10 more features, operations, or structures of the present disclosure.  

[0030] In one example, the greater the force used by the user in depressing the input 

device, the more quickly a corresponding action occurs in the electronic device, such as 

scrolling faster, moving faster through a video, highlighting text in a quicker manner, and the 

like.  

15 [0031] Referring to Figs. 1-2, in one example, an electronic device 20 having a touch

sensing input surface 22 is provided with a plurality or array of force sensors 24 (Fig. 2). For 

instance, force sensors 24 may be arranged as a perimeter array of sensors, a full array of 

sensors distributed about the surface 22 of an electronic device 20, or any combination 

thereof. The sensor locations are known and fixed relative to the touch input surface 22 of an 

20 electronic device 20. The force sensors 24 may be one or more strain gauges, capacitive 

force sensors, pressure sensors, and the like. For example, one embodiment may employ 

capacitive plates aligned parallel to one another, such that a force exerted on the input 

surface 22 moves the plates closer to one another. This change in distance between the 

plates may yield an increased capacitance between the plates. The changes in capacitance 

25 may, in turn, be correlated to an amount of force exerted on the input surface 22.  

[0032] Generally, it should be appreciated that the embodiments disclosed herein may be 

used with any type of force sensor, and so the foregoing examples are intended to be non

limiting.  

[0033] An electronic device 20 may include a touch input surface 22, such as a touchscreen.  

30 In one example and referring to Fig. 2, a touch input surface 22 of an electronic device 20 

may include a flexible glass or transparent layer 26, a plurality of touch location sensors (an 

example of a touch location that has been detected by a touch location sensor is shown in 

Figure 2 as 28), and a plurality of force sensors 24 distributed proximate the touch input 

surface. The flexible glass layer 26 may have, in one example, portions (e.g., edges) that 
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are suspended relative to the main body or housing 30 of the electronic device 20, and the 

flexible glass portion 26 may deflect or bend upon a user applying or depressing the touch 

input surface 22 using one or more fingers at one or more locations on the touch input 

surface 22.  

5 [0034] As force is applied to the touch input surface 22 by a user's finger, the applied force 

spreads across the input surface and the force response (for example, deflection 

measurement values, capacitance, strain and the like) as measured by the force sensor or 

sensors 24 may look like a bell curve (as shown in Figure 7).  

[0035] Given a set of touch locations, embodiments of the present disclosure aid in 

10 determining or apportioning the relative forces contributed by each touch of a user's finger 

on a touch input surface 22. By determining the amount of force associated with each touch 

of a user's finger on a touch input surface 22, such information can be utilized by the 

electronic devices processor (Fig. 4) to perform a variety of functions or operations for the 

benefit of the user. It should be appreciated that a user's touch location may be determined 

15 through the use of any of various touch-sensing technologies, such as capacitive sensing, 

resistive sensing, thermal sensing, and so on. Accordingly, the details of technologies 

designed to sense the location of a touch are not described in more detail herein.  

[0036] If desired, a variety of features and functions described herein can be integrated into 

an input device 40 which may be incorporated within electronic device 20. Referring to 

20 Figure 3, one example of an input device 40 is illustrated, which includes a plurality of touch 

position sensors 28 and a plurality of force sensors 24. As previously discussed, the touch 

position sensors 28 and force sensors 24 may be any of a variety of different sensors 

employing different sensing technologies. The input device 40 may also include a force 

apportionment module 42 which receives, as inputs, position information (such as (x, y) 

25 touch coordinates) from the touch position sensors 28, and force data (such as force 

deflection measurement values) from the plurality of force sensors 24. The force 

apportionment module 42 may also receive force calibration data 44, representing the 

expected amount of force received by a plurality of force sensors 24 in response to a fixed 

unit of force applied across various known locations of the input device 40 and/or electronic 

30 device 20. A matched filter module 46 may also be provided in order to aid in the 

determination of the amount of forces to be apportioned to each depression of a user's 

fingers of the input device 40.  

[0037] The force apportionment module 42 may be configured to implement one or more 

operations, processes (or portions thereof), features or functions as described herein. In 

35 one example, the force apportionment module 42 determines or apportions a first amount of 
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force as measured by the plurality of force sensors 24 to one of at least two fingers, and 

determines or apportions a second amount of force as measured by the plurality of force 

sensors 24 to another of the at least two fingers.  

[0038] The input device 40 may provide, as outputs 46, 48 of the force apportionment 

5 module, the position and force attributable to the depression by a user of a user's finger 

(shown as 46), and the position and force attributable to the depression by a user of another 

one or more of a user's finger (shown as 48). For instance, where a user employs two 

fingers at different locations to touch the input device, the input device 40 of Figure 3 can 

generate as outputs, the position and forces attributable to the depressions of each of the 

10 user's two fingers. These outputs 46, 48 can be passed to the processor(s), logic, or other 

components or modules of the electronic device 20 that is interacting with the input device 

40 of Figure 3.  

[0039] In one example, matched filter techniques (for instance, as described herein) may be 

utilized by module 46 to determine forces contributed by each touch of one or more fingers 

15 of a user on a touch input device 40 of an electronic device 20.  

[0040] In one embodiment of the present disclosure and still referring to Figure 3, a library of 

data 44 is maintained in the electronic device 20 which includes force calibration data 

representing the force deflection measurement values as measured by each of a plurality of 

force sensors 24 (such as 24 or representative versions of sensors 24), in response to a 

20 standardized force applied to various known locations on a touch input surface (such as 22 

or representative versions of touch input surface 22). In one example and referring to Figure 

5, to form the calibration data 44, a robot or other mechanized, repeatable process may be 

utilized to apply a known amount of force (for example, the same amount of force) to 

different known locations on a touch input surface, and for each touch location, force 

25 deflection measurement values as reported by each of the force sensors is stored in the 

library 44. In effect, this library of data 44 forms a map (e.g., Figure 8A) of deflections as a 

function of sensor locations for a given touch location (X, Y). This library 44 may be stored 

in the electronic device 20 in any form, such as but not limited to a matrix, a table, a lookup 

table, a database, parametric representations, or in the form of any other data structure.  

30 [0041] An input device 40 in accordance with embodiments of the present disclosure may 

be stand-alone devices (such as a standalone track pad), or may be incorporated into 

electronic devices 20 such as mobile phones, tablet computers, or other portable electronic 

devices. Figure 4 illustrates an example of a block diagram of an electronic device 20 

having a force apportionment module 42 incorporated therein, in accordance with one 

35 embodiment of the present disclosure. In the example of Figure 4, an electronic device 20 
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includes a processor 50 coupled with and in communications with a memory 52, a display 

54, power circuitry 56, and one or more sensors 58, input/output devices 60, and 

communication modules 62 coupled with processor 50. The sensors 56 may include a 

plurality of touch position sensors 28, and a plurality of force sensors 24. The memory 52 

5 may include a persistent memory or data structure including force calibration data 44 

representing the expected amount of force received by a plurality of force sensors in 

response to a fixed unit of force applied across various known locations of the input device.  

[0042] In one example in Figure 4, the processor 50 may include a force apportionment 

module 42 that interacts with and receives data from the position sensors 28, force sensors 

10 24, and the force calibration data 44. The force apportionment module 42 may be 

configured to implement one or more operations, processes (or portions thereof), features or 

functions as described herein. The force apportionment module 42 can determine, in one 

example, the position and force attributable to the position and force attributable to the 

depression by a user of a user's finger, and the position and force attributable to the 

15 depression by a user of another one or more of a user's finger.  

[0043] Figure 5 illustrates an example of various calibration techniques in accordance with 

an embodiment of the present disclosure. At operation 500, a robot or other device applies 

a known amount of force to a specified location (an example location 501 is shown in Fig. 5) 

on a touch input surface 22 of an electronic device 20. At operation 505, deflection maps for 

20 all touch locations are analyzed. In other words, the force measurement values, as detected 

by each force sensor 24 of the electronic device 20 in response to the robotic touch of 

operation 500, are recorded.  

[0044] It should be appreciated that the force sensors 24 may not be at or adjacent the 

location at which force is applied. Nonetheless, the force sensors 24 may register the force 

25 insofar as the input surface may be at least somewhat deformable, thereby permitting force 

exerted at one point to be spread over a region. Thus, force sensors 24 nearest the force 

application location may register a higher force than force sensors that are further away from 

the force application location. Since the registered force may decrease with the distance 

between the force sensor 24 and force application location, force sensors that are sufficiently 

30 removed from the force application location may register no, or almost no, force.  

[0045] Operations 500-505 are repeated for differing locations (other than at 501) on the 

touch input surface 22 where the robot applies the known amount of force, until a sufficient 

amount of data has been gathered representing the regions which a user could touch the 

touch input surface during use. Each force sensor 24 may thus generate a force map, 

35 formed from various measurements of known forces at various known locations on touch 
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input surface 22. Generally, each force sensor's force map is different from the force maps 

of the other force sensors, reflecting the variances in positioning of the force sensors within 

the electronic device. Force maps may also, in some circumstances, reflect differences 

between each individual force sensor, such as sensitivity, construction and the like.  

5 [0046] In this manner, a two-dimensional distribution of calibration data (the force map) can 

be formulated, such as shown at 510. In this disclosure a force map (represented in certain 

equations by the variable "G") (e.g. Figure 8B) represents what an expected force response 

should be at a given touch location for a given force input value. Through the use of the 

force map, forces exerted at known touch locations, as provided via the touch sensors, may 

10 be correlated to force inputs. This information may be used to apportion an overall detected 

force between multiple touch locations.  

[0047] Figure 6 illustrates an example of a process for apportioning forces among multiple 

input fingers exerting force on a flexible input surface, in accordance with one embodiment 

of the present disclosure. ("Flexible or "deformable" may refer to any substance or surface 

15 that will deform locally under a load rather than moving uniformly as a rigid body. Glass, for 

example, may be flexible/deformable.) These operations, or portions thereof, may be 

utilized within an electronic device, in one example. At operation 600, one or more touch 

input conditions are detected. For instance, operation 600 may include the detection of a 

touch on an touch input surface of an input device, or may detect multiple touches on a 

20 surface of an input device.  

[0048] At operation 605, the locations of touches detected by operation 600 are determined.  

In one example, operation 605 receives or obtains location information (e.g., (x, y) 

coordinates) of a first touch location on the surface of a touch input device. At operation 

610, the location of a second touch, if present, is determined; in some embodiments, 

25 operations 605 and 610 are combined or otherwise occur substantially simultaneously. In 

one example, operation 610 receives location information (e.g., (x, y) coordinates of a 

second touch location. If other touches (e.g., a third touch from a third finger) are detected 

that occur substantially together in time with the first touch and the second touch, the 

locations of those other touches are also determined from the touch sensors.  

30 [0049] At operation 620, the amounts of force attributable to each touch on the touch input 

device are determined. Operation 620 may be performed utilizing a number of different 

methodologies. In one example, operations 620A-620C are utilized to determine the 

amounts of force attributable to each touch. These operations may be performed iteratively 

on some or all of the touch force sensors of the touch input device of the electronic device, in 

35 one example.  

9
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[0050] At operation 620A, the force value at a force sensor at a particular location is 

obtained. In one example, an input in response to a finger touch, as measured by a force 

sensor at a particular location, is obtained or read by operation 620A. This input may be 

correlated to a force experienced by the particular force sensor.  

5 [0051] At operation 620B, the force map data for the force sensor of operation 620A is 

retrieved or otherwise obtained. The force maps generated by each force sensor are 

generally described above.  

[0052] At operation 620C, the force attributable to each finger touch location on the touch 

input device at the force sensor location is determined. In one example, as described 

10 herein, operation 620C may utilize a matched filter process in order to determine the amount 

of force attributable to each finger depression on the input touch device at the particular 

force sensor location.  

[0053] Operations 620A-620C may be repeated for each force sensor location of the touch 

input device, in one example.  

15 [0054] Hence it can be seen that the operations of Figure 6 provide, for each touch 

detected, the touch location and the force attributable to the touch. This information can be 

utilized within the electronic device for a variety of purposes, such as but not limited to those 

purposes as described herein.  

[0055] Matched filters 

20 [0056] In one embodiment, an entire force profile of the touch input surface is characterized 

as a vector, and its dot product with actual force response data at a particular force sensor 

location is calculated, along with other touch location's predicted force responses and their 

dot products with the actual force response measurements at those other locations. The 

result can be isolated to determine the amount of force attributed to a user's first finger; and 

25 the result can be isolated to determine the amount of force attributed to a user's second 

finger; and if more touches from more than two fingers are detected, the forces attributed to 

the additional fingers can be determined. That is, the operation may attribute individual 

forces to individual touch locations, as vectors, thereby estimating the forces applied at each 

touch location from an overall applied force.  

30 [0057] Dot products are useful in manipulating or determining values based on vectors, 

wherein the result of a dot product operation is a scalar quantity. For instance, for vectors 

(a, b), "a dot b" can be represented as (magnitude of a) x (magnitude of b) x cosine(theta), 

10
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where theta is the angle between the vectors a, b. Another way of expressing of "a dot b" is 

(ax x bx) + (ay x by).  

[0058] Matched Filters for Two-finger Touch Inputs 

[0059] In one example, a matched filter is utilized to determine the amount of force (f1 , f2 , f) 

5 attributable to each finger depression (1, 2, ... N) upon the touch input surface. A linear set 

of equations can be used: 

where 

[0060] si represents present/current force deflection measured by sensor i 1 ... N 

10 [0061] gi represents deflection expected for sensor i, for unit force at A (see Figures 7-8) 

[0062] hi represents deflection expected for sensor i, for unit force at B (see Figures 7-8) 

[0063] The values for gi and hi may be obtained from the library of force calibration data, in 

one example, for each force sensor. The force (f1, f2 , f,) attributable to each finger's 

depression onto the touch input surface can be determined using the following example 

15 operations: 

[0064] For N sensors, there can be N equations in one embodiment.  

[0065] In some special cases of the above equations, when for example, the user's two 

fingers are close to each other, the expected deflection maps produced by both fingers are 

20 similar (gi is approximately hi), and the denominator vanishes (A approaches 0). The 

equations for f1 and f2 become highly unstable, and any perturbations (for example, 

measurement noise) in si will be highly amplified, contributing to large force reconstruction 

11
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errors. The constant A may be introduced to keep the equation stable and without 

discontinuities.  

[0066] For example, in case of two fingers detected as contacting the display 22, the system 

of linear equations can be written as: 

4 'A g. h 

t+ 
5 

[0067] and the solution then becomes: 

[0068] The denominator AA no longer vanishes when gi is approximately hi, and the solution 

becomes stable with respect to measurement perturbations. While improving the stability of 

10 the solution, the regularization parameter A also degrades the accuracy of force 

reconstruction (due to the additional terms in the equations for f, and f2).  

[0069] In order to preserve the reconstruction accuracy in cases when solution is otherwise 

stable and regularization is not required, it is possible to vary the magnitude of A, depending 

on, for example, the distance between the fingers, or their location on the screen 22. One 

15 example of an adaptive regularization parameter is: 

[0070] where r is the distance between the fingers. For small distances (r < r,), the function 

assumes a maximal value Amax yielding high amounts of regularization: solution stability is 

increased at the cost of force reconstruction accuracy (total applied for will be distributed 

20 equally between the two fingers, in this example).  

12
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[0071] For large separation distances (r > r.) between the fingers that touch display 22, 

when the solution is stable, the regularization is minimal (A(r)= Amin) and force reconstruction 

accuracy is improved.  

[0072] For distances where r approximately equals r,, the regularization parameter A is 

5 reduced smoothly (e.g., within a fuzzy window +/- w) to balance force reconstruction 

accuracy and stability.  

[0073] In other words, the constant A may be used to compensate for system irregularities 

that may otherwise cause the equations to return inaccurate of erroneous results.  

[0074] In more general cases of K fingers, the regularization parameter A may be introduced 

10 as: 

A 0 0 0 

o0 VA 0 

0 0 

[0075] where g, is the expected response of sensor n for a unit force at the location of 

finger k.  

[0076] Matched Filter for a Single Finger Touch Inputs 

15 [0077] The force (f) attributable to a single finger's depression onto a touch input surface 

can be determined using the following example operations: 

where 

13
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[0078] si represents the present/current deflection measured by sensor i = 1...N 

[0079] gj represents deflection expected for sensor i, when a unit force is applied at a 

given location.  

[0080] The values for gi may be obtained from the library of force calibration data, in one 

5 example, for each force sensor.  

[0081] N can either be equal to the total number of sensors, or represent a small group of 

sensors around the touch location(s). The choice may vary between embodiments, and may 

be based on a number of factors, such as the size of the embodiment, the spacing of the 

force sensors, the material(s) used for the input surface, other physical properties of the 

10 input surface (such as flexibility), and the like.  

[0082] In another embodiment, data from sub-clusters of force sensors can be grouped 

together and averages of their data can be determined before applying the dot product 

operations. For instance, data clusters of (2 force sensors by 2 force sensors) can be 

formed using the deflection measurement values from force sensors. This can reduce the 

15 number of dot product calculations to be performed, which can reduce the run-time 

complexity and reduce the memory requirements for the processor to perform the processes 

disclosed herein, but results in less accurate resultant data as to force values. In another 

example, force sensors (or their outputs) may be sorted by the magnitudes of their expected 

signals (which may be obtained from calibration data, as one example), and a dot product 

20 operation applied to the expected and measured values comprising pairwise differences 

between the sensors having expected largest and smallest values. Such a grouping may be 

used, for example, in a single finger force reconstruction scenario to mitigate the effects of 

common-mode and/or spatially correlated noise that may be present in sensor outputs.  

[0083] In another example, for two or more finger inputs (where k = the number of fingers), 

25 the expression G dot f = S can be used, wherein G is expressed as a column vector having 

m rows corresponding to the number of sensors, G has columns corresponding to the 

number of fingers. Since this expression has, in practice, more rows than columns, a least

squared process can be used to minimize [[(G dot f) - s]], wherein G is expressed as a 

matrix of (m by k) and f is a force vector of (k by 1). From this, values for f can be 

30 determined for each finger k.  

[0084] Accordingly, it can be seen that embodiments of the present disclosure provide for 

the apportionment of measured forces applied by multiple fingers of a user to a touch input 

surface of an electronic device. In this way when a user touches a touch input surface with 

14
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two or more fingers, a determination can be made of the amount of force applied by each 

finger to the touch input surface. This determination can be useful for providing the 

electronic device with additional dimensions of user input and control to the device, which 

can be used to enhance the user's experience and interaction with the electronic device.  

5 [0085] In another embodiment of the present disclosure, the accuracy of match filters may 

be further enhanced, if desired, to account for possible damage that may occur to the 

electronic device (e.g., device 22 or 40). Certain events during a life time of a device may 

cause boundary conditions to change, which can lead to significant differences between the 

expected and observed deflection maps.  

10 [0086] In some cases, it may be possible to partially compensate for these changes, for 

example, by changing the weights (or levels of trust) in the readings of certain affected 

sensors. In one example, the trust in the values from around the edges of input surface 22 

are minimized (based on that after a drop of the device, those edge sensors may be 

adversely affected) , and the trust in the sensors towards the center of the input surface 22 

15 are increased (as these sensors are likely intact after a drop of the device). For instance, for 

a system of equations: 

91 S1 

L9 1 LSn En 

[0087] In one example, instead of minimizing 

( Si - g9i f)2 
i=1 

20 [0088] a minimization operation can be performed on (f): 

Zw -(s1 - g ) 
i=1 

[0089] Dynamic weights that can be related to, for example: (a) current location of the 

deflection centroid, (b) shift of the current deflection centroid from its expected location for a 

given touch, (c) distance of the sensing pixel from the device borders (as to reduce the 

25 dependence on the boundary conditions), or other metric that indicates the level of trust in 

the output of particular sensors.  

15
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[0090] In one example, changing the weights (or levels of trust) in the readings of certain 

affected sensors around the expected centroid can be upweighted, and pixels around the 

observed (shifted) centroid can be deweighted. In another example, changing the weights 

(or levels of trust) in the readings of certain affected sensors can be achieved by 

5 upweighting the sensors close to the center of the screen 22.  

[0091] For instance, Figure 10A shows in the left image an example of a deflection map with 

intact borders; while the right image in Figure 1 0A shows an example deflection map in a 

situation where the border has been broken such as where a break has occurred near the 

top left corner of the device, and a user finger press is near the top left corner.  

10 [0092] Figures 1OB and 10C then show possible distributions of weights "w" per equation 

above in paragraph [0089]. Figure 1 OB illustrates an example where the old centroid has 

been upweighted, and the new centroid is deweighted.  

[0093] In another example, Figure 10C illustrates an example where screen center sensor 

readings have been upweighted, thereby putting more trust into sensors away from the 

15 device boundaries.  

[0094] In another example of the present disclosure, matched filter accuracy improvement 

may be achieved via border sensor subtraction, in order to aid in situations where sensors 

may have been damaged due to drops of the device.  

[0095] For instance, certain breaks in device boundaries may lead to a significant 

20 compliance increase for the touches in the vicinity of that boundary. For those touches, the 

deflection centroid shifts towards the break, and the deflection profile resembles that of a 

partially supported plate (e.g., plate with force sensors 24) with a free boundary section. It 

may be possible to partially compensate for these boundary condition breaks by subtracting 

the "cantilever" mode from the observed deflections. The cantilever mode may be 

25 determined by fitting a representative parametric shape to the deflections observed by the 

boundary sensors.  

[0096] For example, the border sensors are no longer part of the weighted least squares 

estimation. The magnitude of the subtracted cantilever mode can be further scaled in 

proportion to the deflection centroid shift. Cantilever mode may be approximated by a 2D 

30 Gaussian, centered outside of the screen active area. In Figure 11 A, an example of a 

calibrated deflection map is shown where the device borders are intact. In Figure 11 B, an 

example of a deflection map is shown where a broken border exists at the top left of the 

device display, and the centroid shifts and compliance increases. In Figure 11C, an 

example is shown where a "cantilever" fit mode is used using data from the border sensors.  
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In Figure 11 D, the canteliever mode is propagated into the interior. In Figure 11 E, the 

adjusted map is shown wherein the cantilever mode has been subtracted from the observed 

deflection map of Figure 11 B.  

[0097] While embodiments of the disclosure have been described with reference to a tablet 

5 computer or a mobile phone, it is understood that embodiments of the present disclosure 

can be utilized with a variety of electronic devices including but not limited to mobile devices, 

mobile phones, tablet computers, music and multi-media players, watches, gaming devices, 

and other handheld, wearable or portable devices.  

[0098] While the methods disclosed herein have been described and shown with reference 

10 to particular operations performed in a particular order, it will be understood that these 

operations may be combined, sub-divided, or re-ordered to form equivalent methods without 

departing from the teachings of the present disclosure. Accordingly, unless specifically 

indicated herein, the order and grouping of the operations is not a limitation of the present 

disclosure.  

15 [0099] It is understood that the directional references provided herein, such as top, bottom, 

upwards, downwards, clockwise, counterclockwise, left, right, and the like, are provided to 

describe examples of the embodiments disclosed herein, and are not intended to be limiting.  

[00100] It should be appreciated that in the foregoing description of exemplary 

embodiments of the disclosure, various features of the disclosure are sometimes grouped 

20 together in a single embodiment, figure, or description thereof for the purpose of streamlining 

the disclosure and aiding in the understanding of one or more of the various aspects. This 

method of disclosure, however, is not to be interpreted as reflecting an intention that the 

claims require more features than are expressly recited in each claim. Rather, inventive 

aspects lie in less than all features of a single foregoing disclosed embodiment, and each 

25 embodiment described herein may contain more than one inventive feature.  

[00101] While the disclosure is presented and described with reference to embodiments 

thereof, it will be understood by those skilled in the art that various other changes in the form 

and details may be made without departing from the spirit and scope of the disclosure.  
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CLAIMS 

We claim: 

1. In an electronic device, a system for determining amounts of forces applied 

5 by at least two fingers of a user to a touch input device having a touch input surface, 

comprising: 

a plurality of force sensors distributed about the touch input surface; 

a plurality of touch sensors distributed about the touch input surface; and 

a module for apportioning a first amount of force as measured by the plurality of force 

0 sensors to a first finger of the at least two fingers, and for apportioning a second amount of 

force as measured by the plurality of force sensors to a second finger of the at least two 

fingers, the module configured to: 

receive input from the plurality of touch sensors corresponding to a first touch 

location associated with the first finger and to a second touch location associated with the 

5 second finger; 

receive input from the plurality of force sensors corresponding to a deflection 

of the touch input surface as a result of the first finger touching the first touch location and 

the second finger touching the second touch location; and 

modify the input received from the plurality of force sensors using a first 

O vector of force calibration data corresponding to the first touch location and a second vector 

of force calibration data corresponding to the second touch location.  

2. The system of claim 1, further comprising a persistent data structure including 

force calibration data comprising 

25 the first vector of force calibration data; and 

the second vector of force calibration data.  

3. The system of claim 2, wherein the force calibration data includes force 

deflection measurement values as measured by each of the plurality of force sensors in 

30 response to a standardized force applied to a plurality of varied known locations on the touch 

input surface.  

4. The system of claim 1, wherein the module for apportioning includes a 

matched filter module.  

35 

5. The system of claim 1, wherein the plurality of touch sensors detect one or 

more locations of one or more touches that occur simultaneously on the touch input surface.  
18
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6. The system of claim 5, wherein the module for apportioning provides force 

data related to an amount of force applied by the first finger to the first touch location.  

5 7. The system of claim 5, wherein the module for apportioning provides force 

data related to an amount of force applied by the second finger to the second touch location.  

8. The system of claim 1, wherein the touch input surface includes a flexible 

layer that deflects in response to the force applied by the at least two fingers of the user.  

0 

9. The system of claim 1, wherein the touch input device includes a track pad.  

10. A method for determining amounts of forces applied by at least two fingers of 

a user to a touch input surface of an electronic device having a plurality of force sensors 

5 associated with the touch input surface, the method comprising: 

providing calibration data for the electronic device, the calibration data including force 

deflection measurement vectors comprising measurements by each of the plurality of force 

sensors in response to a standardized force applied to a plurality of varied known locations 

on the touch input surface; 

0O detecting a first touch at a first location; 

detecting a second touch at a second location; 

obtaining force data measured by the plurality of force sensors; 

modifying the obtained force data based on force deflection measurement vectors 

associated with the first location and the second location; 

25 apportioning a first amount of force as measured by the plurality of force sensors to 

one of the first location or the second location; and 

apportioning a second amount of force as measured by the plurality of force sensors 

to one of the first location or the second location.  

30 11. The method of claim 10, wherein the electronic device is a smart phone.  

12. An electronic device, comprising 

a processor; 

a memory including a persistent memory, the memory coupled with the processor; 

35 a flexible touch input surface which deforms in response to two or more touches 

applied by a user to the touch input surface; 
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a plurality of touch sensors distributed about the touch input surface, the touch 

sensors detecting one or more locations of the one or more touches that occur 

simultaneously on the touch input surface; 

a plurality of force sensors distributed about the touch input surface; and 

5 a module for apportioning a first amount of force as measured by the plurality of force 

sensors to a first touch location, and for apportioning a second amount of force as measured 

by the plurality of force sensors to a second touch location, using force calibration data 

obtained for the plurality of force sensors in response to a standardized force applied to the 

first touch location and the second touch location.  

0 

13. The electronic device of claim 12, wherein the persistent memory includes the 

force calibration data, the force calibration data having a plurality of force deflection 

measurement values as measured by each of the plurality of force sensors in response to 

the standardized force applied to the plurality of varied known locations on the touch input 

5 surface.  

14. The electronic device of claim 12, wherein the module for apportioning 

includes a matched filter module.  

0 15. The electronic device of claim 12, wherein the flexible touch input surface 

includes a flexible glass layer.  

16. The electronic device of claim 13, wherein the module examines an amount 

of force measured at each of the plurality of force sensors in relations to the force calibration 

25 data.  

17. The electronic device of claim 13, wherein the electronic device includes a 

tablet computing device.  

20
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