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(57) Abstract: A touchscreen device (1), comprising: a touch-sensitive touchscreen (2); a processing unit (5) provided to process co-
ordinates of touch positions (T) determined by the touch-sensitive touchscreen (2); wherein the processing unit (5) is provided for
determining correction amounts for the coordinates of touch positions (T) in at least one direction, based on an input regarding an
O angle of observation (a) of a user (11 ); a method of compensating for a parallax error in a touch position (T) of a touchscreen (2) of
such a touchscreen device (1); and a software module (7) for controlling an execution of steps of such a method.
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The invention relates to a touchscreen device, a method of compensating for a parallax error

of a touchscreen device and a software module for carrying out the method.

BACKGROUND ART

When working with touchscreen devices that include a touchscreen, it is not always possible
or comfortable for a user to view the touchscreen perpendicularly. For larger touchscreens in
particular, it is not possible for the user to view all regions of the touchscreen perpendicularly
without moving. Due to a parallax error, looking at the touchscreen of the touchscreen device
with a non-perpendicular direction leads to a misalignment of a desired touch position and a
touch position sensed by the touchscreen. This may lead to problems when using the touch-
screen as an input device, for instance by using a virtual keyboard or other virtual input units
that require a certain precision for a touch position sensed by the touchscreen. Missing the
desired touch position is annoying to the user and is lowering the touchscreen input perfor-

mance,

It is therefore desirable to provide a touchscreen device with a higher operating comfort with

regard to a parallax error allowing higher touchscreen input precision.

DESCRIPTION

It is therefore an object of the invention to provide a touchscreen device with an at least par-

tially compensated parallax error.

In one aspect of the present invention, the object is achieved by a touchscreen device compris-
ing:

- a touch-sensitive touchscreen;
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- a processing unit provided to process coordinates of touch positions determined by the
touch-sensitive touchscreen;

wherein the processing unit is provided for determining correction amounts for the coordi-

nates of touch positions in at least one direction, based on an input regarding an angle of ob-

servation of a user. By that it can be accomplished that a touch position generated by the user

that is determined by the touch-sensitive touchscreen and that, due to a parallax error, misses

a position range on the touchscreen required to activate a desired action, can be corrected so

that the desired action is activated anyhow.

According to a preferred embodiment, the touchscreen device is selected from a group con-
sisting of a tablet computer, a smartphone, and a personal digital assistant. The ease of use of
any of these touchscreen devices can be substantially improved by the determined correction

amounts.

In another preferred embodiment, the input regarding the angle of observation of the user is
provided as an input by the user. Thus, the determined correction amounts can readily be ad-
justed to a user’s position with regard to the touchscreen device, which influences the angle of
observation. The input may be provided by the user by selecting an angle of observation from
a list of pre-determined angles of observations. Alternatively, the angle of observation may be
implicitly chosen by selecting a position from a drop-down list of potential positions of the

user, for instance “sitting”, “lying on a sofa”, and so forth, for which a most likely angle of

observation may be deposited in the touchscreen device.

In a further preferred embodiment, the input regarding the angle of observation of the user is
obtained from an output of a photographic device. In a suitable arrangement, in which a posi-
tion of the photographic device is well-defined relative to a reference point at the touchscreen
device, the angle of observation may be determined by basic geometrical considerations. The

photographic device may provide its output to the touchscreen device preferably via a wire-
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less data connection. The angle of observation may periodically be determined from outputs

of the photographic device.

In yet another embodiment, the photographic device is designed as a digital photographic
camera which is an integral part of the touchscreen device. Thus, a position of the photo-
graphic device is well-defined relative to a reference point at the touchscreen device, and an
angle of observation can readily be determined from the output of the digital photographic

camera.

It is another object of the invention to provide a method of compensating for a parallax error
in a touch position of a touchscreen of a touchscreen device, the parallax error occurring from
a user viewing at the touchscreen at an angle of observation that differs from a direction that

is perpendicular to the touchscreen.

The method comprises steps of:

- estimating the angle of observation between the user and at least one location on the
touchscreen device based on at least one picture of the user from a photographic device;

- determining a correction amount in at least one direction parallel to a touchscreen sur-
face;

- adjusting at least one coordinate of the touch position as determined by the touchscreen
by the correction amount, in the at least one direction parallel to the touchscreen sur-

face.

Preferably, the at least one location on the touchscreen device may be a point of reference of
the touchscreen device; 1.e. all dimensions and relative orientations of the touchscreen of the
touchscreen device with regard to the point of reference are well-defined and may be stored,

for instance, in a memory unit of the touchscreen device.
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In a preferred embodiment, the correction amount in the at least one direction is at least based
on a touchscreen material property and a touchscreen dimension. The touchscreen material
propetty may preferably be a refraction index for visible light and the touchscreen dimension
may preferably be a thickness of a top layer of the touchscreen. In a more complex embodi-
ment, the correction amount may be based on the refraction indices for visible light and thick-

nesses of a plurality of layers that the touchscreen comprises,

In yet another preferred embodiment, the method comprises a step of determining a second
correction amount in at least one direction parallel to a touchscreen surface, if the touch posi-
tion 1s generated by one out of a finger and a stylus device, wherein determining the second
correction amount is at least based on the angle of observation and one out of a finger dimen-
sion and a stylus device dimension. An operation mode to determine the second correction
amount may be selected by the user, intending to use one out of a finger and a stylus device
for inputting data. By that, the method can additionally compensate for a misalignment gener-

ated by a finite, non-zero dimension of the finger or the stylus device.

In still another preferred embodiment, the step of estimating the angle of observation involves
a pattern recognition step regarding user’s eyes. This can allow for a fast and reliable deter-
mination of the angle of observation. In the case of several users being detected by the pattern
recognition step regarding user’s eyes, a face recognition method may be employed for de-

tecting a preferred user of the touchscreen device.

In another aspect of the invention, a software module for controlling an execution of steps of
at least one embodiment of the disclosed methods or a variation thereof is provided, wherein
the steps are converted into a program code that is implementable in a memory unit of the
touchscreen device and that is executable by a processing unit of the touchscreen device. By
that, a flexible and portable solution can be provided that may readily be implemented into

any touchscreen device.
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These and other aspects of the invention will be apparent from and elucidated with reference

to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

Fig. 1 schematically illustrates an embodiment of an electronic touchscreen device in accor-
dance with the invention;

Fig. 2 shows a schematic sectional partial side view of the electronic touchscreen device pur-
suant to Fig. 1 with a stylus device; and

Fig. 3 shows a schematic sectional partial side view of the electronic touchscreen device pur-

suant to Fig. 1 with another stylus device.

DETAILED DESCRIPTION

Fig. 1 schematically illustrates an embodiment of an electronic touchscreen device 1 in accor-
dance with the invention. The electronic touchscreen device 1 is designed as a tablet computer
having a touch-sensitive touchsecreen 2, but could as well be selected from a group consisting
of a tablet computer, a smartphone, and a personal digital assistant. The electronic touch-
screen device 1 could also be designed as any other electronic device having a touchscreen,
for instance a television screen, a personal computer (PC) screen, a ticket machine in a train
station, a boarding pass machine in an airport, a cash terminal, or any other vending machine.
As is commonly known, a user 11 can touch a specific area on the touchscreen 2 to activate a
desired action, such as opening a software application or inputting a text on a virtual key-
board. The touchscreen device 1 comprises a processing unit 5 provided to process coordi-

nates of touch positions determined by the touch-sensitive touchscreen 2. Based on the deter-
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mined coordinates, the processing unit 5 checks if the specific area was touched and, based on

an outcome of that check, starts the desired action if so.

Fig. 2 shows a schematic sectional partial side view of the electronic touchscreen device 1
pursuant to Fig. 1. As is known in the art, the touchscreen 2 comprises multiple layers of
transparent materials such as glass, plastics, conductive coatings like indium tin oxide (ITO),
separation layers filled with air, and so forth, which the one skilled in the art is familiar with.
These multiple layers are symbolized by one transparent layer 8 only to describe the working

principle, which can be applied to a more realistic case in the same manner.

The specific area that needs to be touched to start a desired action is located above a lower
surface 10 of the transparent layer 8, whereas the user 11 can only touch an upper surface 9 of
the transparent layer 8. When the touchscreen 2 is viewed on by the user 11 from a direction

that is perpendicular to the upper surface 9, the specific area cannot be missed.

This changes if the touchscreen 2 is viewed on by the user 11 from a direction that is not per-
pendicular to the upper surface 9, and an angle of observation o measured from the perpendi-
cular direction differs substantially from 0°. Fig. 2 shows an extremely large angle of observa-
tion a for clarity purposes.

The user 11 at position E views the touchscreen 2 and touches the upper surface 9 with a sty-
lus device 14 having a sharp tip, with the intention to touch a specific area for starting a de-
sired action, wherein the specific area is symbolized by the corresponding point B at the lower
surface 10 of the touchscreen 2. However, instead of touching the upper surface 9 at a loca-
tion which lies above point B in the perpendicular direction, the user 11 touches the upper
surface 10 at a touch position T that is an intersection point of the upper surface 9 and a
straight line between the user 11 and an apparent position A of the point B, due to the refrac-
tion of light in the transparent layer 8 having a refraction index n that is larger than the one of

air. The actually touch position T of the upper surface 9 corresponds to a position C of the
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lower surface 10 of the transparent layer 8 which has a lateral deviation d to the intended

touch point B. The lateral deviation d is the parallax error,

From simple geometrical considerations, the lateral deviation d equals to

d=t"tan P m
wherein 3 denotes an angle of incidence of the light coming from point B and t a thickness of
the transparent layer 8. (Note: As mentioned before, touchscreens are usually multi-layer sys-
tems in which each layer i may exhibit a different refraction index n;, leading to a more com-
plex calculation of the incidence angle B, but using the same principles of simple geometrical

optics.)

The angle of incidence B can be determined from the angle of observation o and the refraction
index n of the transparent layer 8 by applying Snell’s law (refraction index of air = 1):
sinf=sinw/n (2]

wherein o denotes the angle of observation corresponding to an angle of emergence.

The processing unit 5 of the touchscreen device 1 is provided for determining correction
amounts for the coordinates of touch positions T in at least one direction, based on an input
regarding an angle of observation o of a user 11. In the embodiment pursuant to Fig. 2, the
correction amounts are represented by the lateral deviation d according to the above formulas
[1] and [2]. The correction amounts in the at least one direction are therefore based on a
touchscreen material property given by the refraction index n and a touchscreen dimension

given by its thickness t.

Alternatively, the correction amounts which take into account the real layer sequence, dimen-
sions and refraction indices n; of the touchscreen 2 may be stored for various angles of obser-

vation o of the user 11 in a look-up table in a memory unit 4 of the touchscreen device 1.
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By applying the correction amounts to the coordinates of the touch position T as determined
by the touch-sensitive touchscreen 2, the touch by the user 11 will be considered as a touch on
the upper surface 9 at a location that lies above the point B in the perpendicular direction, as

was intended by the user 11.

The touchscreen device 1 comprises several ways of providing the input regarding the angle
of observation o of the user 11, The way of providing the input can be selected by the user 11

at discretion at the touchscreen device 1.

One way of providing the input regarding the angle of observation « by the user 11 is by se-
lecting a position from a drop-down list of potential positions of the user 11. The drop-down
list may comprise exemplary positions, for instance “standing”, “lying on a sofa”, “sitting at
desk”, each of which a most likely angle of observation a may be deposited for in the memory
unit 4 of the touchscreen device 1.

As this selection has to be adjusted according to the actual situation and is therefore subject to
human error, the touchscreen device 1 also has another way of providing the input regarding

the angle of observation ¢ that is not.

To this end, the touchscreen device 1 comprises a photographic device 6 (Fig. 1) that is de-
signed as a digital photographic camera, and which is an integral part of the touchscreen de-
vice 1. The input regarding the angle of observation o of the user 11 is obtained from an out-

put of the photographic device 6, as will be explained in the following.

If this way of providing the input regarding the angle of observation a is selected by the user
11, the digital photographic camera is activated and periodically takes pictures of the user 11.
A location of the photographic device 6 is well-defined relative to a reference point 3 at the

touchscreen device 1 that is given by a center point of the upper surface 9 of the touchscreen
2.
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The processing unit 5 of the touchscreen device 1 has access to the memory unit 4, and a
software module 7 comprises steps of a method described as follows that are converted into a
program code that is implemented in the memory unit 4 and that is executable by the

processing unit 5.

In a first step, the picture of the user 11 is taken as described before. Then, a pattern recogni-
tion step regarding user’s eyes 17 is carried out that employs an interpupillary distance. The
individual interpupillary distance of the user 11 may have been measured in an extra prepara-
tory step. Alternatively, an average interpupillary distance may be used that is stored in the

memory unit 4,

From a first distance 12 between the photographic device 6 and the reference point 3 at the
touchscreen device 1, an angle v between the touchscreen upper surface 9 and a virtual con-
necting line 13 from the photographic device 6 to the user’s eyes 17, and a second distance 18
between the photographic device 6 and the user’s eyes 17 along the virtual connecting line 13,
the angle of observation o can readily be determined from the output of the digital photo-
graphic camera represented by the pictures, as two sides and an enclosed angle of a triangle
are known. The lower part of Fig. 1 shows a top view of the triangle for illustration.

Alternatively, the angle of observation o may be estimated in another step, using the first dis-
tance 12 between the photographic device 6 and the reference point 3 at the touchscreen de-
vice 1, the angle y between the touchscreen upper surface 9 and the virtual connecting line 13
from the photographic device 6 to the user’s eyes 17, and an average reading distance be-
tween the user’s eyes 17 and the reference point 3. An ambivalent situation with more than
one possible solution may occur in this case, but a unique solution can usually be obtained by
plausibility considerations. The average reading distance may alternatively be an input pro-
vided by the user 11, either by manually inputting a number or by selecting a reading distance

from a list of potential options.
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In a next step, a correction amount in at least one direction parallel to the touchscreen upper
surface 9 is determined by using the previously discussed formulas [1] and [2]. Finally, the
touch position as determined by the touchscreen 2 is adjusted by the correction amount, in the

at least one direction.

The determined correction amount is used for adjusting touch positions T as determined by
the touchscreen 2 that are located nearby the reference point 3. For touch positions T located
closer to edges of the touchscreen 2, the angle of observation o can be obtained by applying
basic analytical geometry considerations to a known distance and direction of a virtual con-
necting line between the reference point 3 and the user’s eyes 17, and a known distance and
direction of a virtual connecting line between the reference point 3 and the touch position T,
as a virtual connecting line between the touch position T and the user’s eyes 17 can be consi-
dered a vector sum of the two (Fig. 1, top view). The angle of observation « is readily obtain-
able from building the dot product of the virtual connecting line between the touch position T
and the user’s eyes 17 as a first vector and a surface normal of the touchscreen 2 at the touch
position T as a second vector.

A variation of the method is applicable to a situation in which the stylus does not end in a fine
tip as the stylus 14 shown in Fig. 2, but rather when the user 11 wishes to operate the touch-
screen 2 by using a finger or another stylus device 15 having a finite, non-zero lateral dimen-
sion as schematically shown in Fig. 3. In this embodiment, the stylus device 15 shall be the
only feature differing from the embodiment pursuant to Fig. 2. An operating mode for the
touchscreen device 1 (finger, type of stylus) can be selected by the user 11 at discretion at the

touchscreen device 1.

For simplification, the end of the finger or stylus device 15 is shaped as a hemisphere of ra-
dius r. The user 11 at position EE views the touchscreen 2 and touches the upper surface 9 with

the stylus device 15 having a finite, non-zero lateral dimension of 2r with the intention to
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touch a specific area for starting a desired action, wherein the specific area is symbolized by
the corresponding point B at the lower surface 10 of the touchscreen 2. However, instead of
touching the upper surface 9 at a location which lies above point B in the perpendicular direc-
tion, the user 11 touches the upper surface 9 with the stylus device 15 at a touch position T
that is defined by the center of the hemispherical tip 16 lying on the virtual straight line be-
tween the user 11 and the apparent position A of the point B due to the refraction of light in
the transparent layer 8 as described before. The actually touched touch position TO of the
upper surface 9 corresponds to a position CO of the lower surface 10 of the transparent layer
8 which has a lateral deviation d[J to the intended touch point B. The lateral deviation d[J is

the parallax error.

Here, the lateral deviation d(J equals to
d=t"tanB+r tana

[3]

For the angle of incidence B, the same considerations apply as in the previous embodiment. In
addition to the method described earlier, a step of determining a second correction amount in
the direction parallel to the touchscreen upper surface 9 is carried out. The determination of
the second correction amount as reflected by the second term in equation [3] is based on the

angle of observation o and the stylus device dimension r.

By applying the first and the second correction amount to the coordinates of the touch posi-
tion TO as determined by the touch-sensitive touchscreen 2, the touch by the user 11 with the
stylus device 15 will be considered as a touch of the upper surface 9 at a location that lies

above the point B in the perpendicular direction, as was intended by the user 11.
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While the invention has been illustrated and described in detail in the drawings and foregoing
description, such illustration and description are to be considered illustrative or exemplary

and not restrictive; the invention is not limited to the disclosed embodiments.

Other variations to be disclosed embodiments can be understood and effected by those skilled
in the art in practicing the claimed invention, from a study of the drawings, the disclosure, and
the appended claims. In the claims, the word “comprising” does not exclude other elements or
steps, and the indefinite article “a” or “an™ does not exclude a plurality. The mere fact that
certain measures are recited in mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage. Any reference signs in the claims

should not be construed as limiting scope.
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Claims-

l. A touchscreen device (1), comprising:

a touch-sensitive touchscreen (2);

a processing unit (3) provided to process coordinates of touch positions (T) determined by
the touch-sensitive touchscreen (2),

wherein the processing unit (5) is provided for determining correction amounts for the
coordinates of touch positions (T) in at least one direction, based on an input regarding an

angle of observation (&) of a user (11).

2. The touchscreen device (1) as claimed in claim 1, wherein the touchscreen device (1)
is selected from a group consisting of a tablet computer, a smartphone, and a personal digital

assistant.

3. The touchscreen device (1) as claimed in claim 1 or 2, wherein the input regarding the

angle of observation (&) of the user (11) is provided as an input by the user (11).

4. The touchscreen device (1) as claimed in claims 1 to 2, wherein the input regarding the

angle of observation (o) of the user (11) is obtained from an output of a photographic device

(6).

5. The touchscreen device (1) as claimed in one of the preceding claims, wherein the
photographic device (6) is designed as a digital photographic camera which is an integral part

of the touchscreen device (1).

6. A method of compensating for a parallax error in a touch position (T) of a touchscreen

(2) of a touchscreen device (1), the parallax error occurring from a user (11) viewing at the
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touchscreen (2) at an angle of observation (o) that differs from a direction that is perpendicu-
lar to the touchscreen (2), the method comprising steps of?

- estimating the angle of observation (o) between the user (11) and at least one location
on the touchscreen device (1) based on at least one picture of the user (11) from a pho-
tographic device (6);

- determining a correction amount in at least one direction parallel to a touchscreen sur-
face (9, 10);

- adjusting at least one coordinate of the touch position (T) as determined by the touch-
screen (2) by the correction amount, in the at least one direction parallel to the touch-

screen surface (9, 10).

7. The method of compensating as claimed in claim 6, wherein the correction amount in
the at least one direction is at least based on a touchscreen material property and a touch-

screen dimension.

8. The method of compensating as claimed in any of claims 6 or 7, further comprising a
step of

determining a second correction amount in at least one direction parallel to the touchscreen
surface (9, 10), if the touch position (TO) is generated by one out of a finger and a stylus de-
vice (15), wherein determining the second correction amount is at least based on the angle of

observation (o) and one out of a finger dimension and a stylus device dimension.

9, The method of compensating as claimed in any of claims 6 to 8, wherein the step of
estimating the angle of observation () involves a pattern recognition step regarding user’s

eyes (17).

10. A software module (7) for controlling an execution of steps of the method as claimed

in any of claims 6 to 9, wherein the steps are converted into a program code that is imple-
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mentable in a memory unit (4) of a touchscreen device (1) and that is executable by a

processing unit (5) of the touchscreen device (1).
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