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METHOD FOR ENCODING A DATA STREAM AND TRANSMITTING A
SEQUENCE OF EVENTS BETWEEN A FIRST DEVICE AND A SECOND
DEVICE COMPRISING A CAPACITIVE TOUCHSCREEN.

Technical field

This invention involves the methods for encoding a data stream
which is transmitted from a first device to a second device through a capacitive
touchscreen, as for example a smartphone or a tablet.

Background technology

Currently, many ways permit to establish communications between
two devices using different interfaces available on the market.

The need to interconnect electronic devices in order to transfer data
is increasing. Many solutions are based on the use of communication protocols
or standards.

One inconvenience is resulting from the various means to interface
devices together, in particular tablets and mobile phones. These means are
heterogeneous and are using more and more proprietary connectors or
protocols.

A way to deal with this issue is to use a common interface to all these
devices and having homogeneous capabilities widely shared among them.

Some solutions allow activating a capacitive touchscreen by an
actuator from a first device. These solutions suffer from a lack of definition of an
efficient coding allowing the data transmission through capacitive touch
screens. On the one hand, the need to establish an asynchronous link between
two devices and on the other hand, the diversity of architectures facilities
including a touch screen makes it difficult to implement a solution of efficient
coding.

Summary
The invention overcomes the aforementioned disadvantages.

It is an object of the invention to describe a method for transmitting a
data stream from a first device able to emulate touch and touch release on a
touchscreen of a second device, in which the touch screen state is switching
between two different states by a generation of a modification of the capacitive
state of at least a first area of the touchscreen.
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The method comprises:

generating a sequence of touches and touch releases defining a
sequence of state transitions of the first area of the touchscreen, a
first value of bit being encoded by a first duration defined between
two state transitions and a second value of bit being encoded by a
second duration defined between two state transitions ;

generating a sequence of events raised in the second device,
each event corresponding to the detection of a state transition of
the first area of the touchscreen ;

retrieving a bit stream by analyzing each measured duration by
the second device between two successive events of the
sequence of events.

This solution allows defining interoperability between two devices
through the touch screen without implying a specific connection for transmitting
a data stream.

In one embodiment, the method comprises:

discriminating the sequence of measured durations by comparing
each measured duration of the sequence with a predefined
threshold, the predefined threshold being defined in order to
discriminate the measured duration corresponding to a first
duration or a second duration.

This solution allows configuring the threshold with the definition of the
first and the second durations.

In one embodiment, the detection of state transitions allowing the
generation of events is realized by sampling at a scanning period the capacitive
state of the first area of the touchscreen.

In one embodiment, the first device is able to emulate simultaneously
different sequences of touches and touch releases on a set of different areas of
the touchscreen of the second device.

In one embodiment, the first duration is greater than the scanning
period. This solution ensures an efficient coding by analysing the sequence of
events generated.
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In one embodiment, the first duration is equal or less than twice the
scanning period.

In one embodiment, the second duration is equal or more than twice
the scanning period value. This solution ensures a better detection of the
modification of the capacitive state of the touchscreen of the second device.

In one embodiment, the second duration is equal or more than three
times the scanning period.

One advantage of the invention is to optimize the recognition of a
data bits sequence. This relation between the first duration and the second
duration of a data bit ensure that objective.

In one embodiment, the method comprises a preliminary step
comprising transmitting the scanning period from the second device to the first
device.

In one embodiment, transmitting the scanning period from the
second device comprises a detection of the presence of a first device set on the
touchscreen.

In one embodiment, transmitting the scanning period from the
second device to the first device comprises generating a flashing of an area of
the touchscreen at the scanning frequency.

The method comprises calculating the first duration and the second
duration by the first device according to the value of scanning period received
from the second device, ensuring that the first duration is greater than the
scanning period.

In another embodiment, the method comprises a preliminary step
comprising:
e calculating the first duration by the first device after receiving the
scanning period,;
e calculating the first duration by the first device after receiving the
scanning period ;
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e encoding a data bit sequence into a sequence of touches and
touch releases, two successive state transitions being generated
each first or each second duration.

It is another object of the invention to describe a device, call first
device, for transmitting a data stream to a second device. The first device
comprises at least one actuator able to emulate a sequence of touches and
touch releases on a capacitive touchscreen of a second device, the actuator
being controlled by a calculator, a sequence of touches and touch releases
defining a sequence of state transitions on an area of the touchscreen of the
second device, a first value of bit being encoded by a first duration defined
between two state transitions and a second value of bit being encoded by a
second duration defined between two state transitions.

In one embodiment, the first device comprises a light sensor able to
retrieve the frequency of a flashing light emitted by the second device.

In one embodiment, the first device comprises a calculator able to
calculate the first duration and the second duration depending of the value of
the frequency of a flashing light retrieved.

Brief description of the drawings

These and other aspects of the invention will be apparent from and
elucidated with reference to the embodiments described hereafter with
reference being made to the drawings in which:

= figure 1 : illustrates an encoding of a data bit by a the definition of a
sequence of touches and touch releases ;

» figures 2A, 2B : illustrates the definition of parameters of the encoding
scheme depending of a scanning period of the device having a
touchscreen ;

» figures 3 : illustrates an example of a sequence of events generated
by a second device according to the method of invention;

» figure 4: illustrates another example of a sequence of events
generated by a second device where the first duration and the second
duration are a multiple of the scanning period according to the
method of invention;
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= figure 5 : illustrates two embodiments of a first and second devices
according to the invention

Detailed description

A modification of the capacitive state on a touch screen detected by
the second device raises an event. An event is meaningful only for the second
device.

In the invention, an event is at least a touch, where something (a
finger, an object, etc.) touches the touchscreen, and a touch release, where
something (a finger, an object, etc.) which is already touching the touchscreen
leaves this touchscreen. In the present description, an event is raised by the
second device when a modification of the capacitive state of the screen of the
second device is detected.

A touch or a touch release received on the screen of the second
device may be emulated by the first device. The touch and the touch release
generate a modification of the capacitive state of an area of the touchscreen.

Figure 1 illustrates an encoding scheme according to the invention
which defines different sequences of touches and touches releases. Each
sequence 10, 11, 12 and 13 illustrates a coding sequence of a data bit.

In one embodiment, a touch on a capacitive touchscreen of a second
device is noted in the figure 1: “TS”. A touch release on the capacitive
touchscreen of a second device is noted in the figure 1: “R”. The touch TS and
the touch release R may be activated by an actuator of a first device. The
actuator can be for example a plate drove to a potential corresponding to the
touch or to the touch release. The first device may be placed on an area of the
touchscreen of the second device in such a way that the actuator is in contact
with the screen.

Given that the defined coding scheme implies the possibility of
different capacitive state between the beginning and the end of a bit, two
scenarios shall be defined for each bit value:

e sequences 10 and 11 for the first value ;
e sequences 12 and 13 for the second value.
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Two parameters are represented in figure 1. The first parameter is
noted t, and represents a first duration between two state transitions of the
touchscreen of the second device. The state transitions may occur on a
predefined area of the touchscreen. The first duration is defined between two
successive states transitions. The method of the invention ensures to not miss
any state transitions at the detection level in the second device.

Each duration t, and t, is affected to a bit value 1 or 0. The first bit
value (1’ or ‘0’, depending on the implementation) is encoded, for instance, with
the first duration.

In the sequence 10, a touch TS occurs at to and a touch released R
occurs at to+t,. In the sequence 11, a touch release R occurs at to and a touch
TS occurs at to+ta. t; represents the first duration and corresponds for instance
to a first bit value.

The second parameter is noted t, and represents a second duration
between two state transitions of the touchscreen. A second bit value (‘0’ or ‘1’
depending on the implementation), corresponds to the second duration.

In one embodiment, in the sequences 10 and 11, the value V of the
transmitted bit is set to “1” (V=1). When this sequence is received by the second
device, it reads a value equal to “1” of the transmitted bit.

In another embodiment, the value V of the transmitted bit in
sequence 10 and 11 may be set to “0” (V=0).

In the sequence of touches and touch releases 12 represented in
figure 1, the sequence comprises a touch at to and a touch release R occurs at
to+t,. t, represents the duration between the two state transitions of the
touchscreen of the second device. The touch occurring at t, is a continuous
touch maintained during the period tp.

In the sequence of touches and touch releases 13, the sequence
comprises a touch release starting at to and maintained until to+t,, A touch
occurs at to+tp.

In the sequences 12 and 13, the value of the transmitted bit is set to
“0” (V=0). When this sequence is received, the second device reads a value
equal to “0” of the transmitted bit.

In another embodiment, the value V of the transmitted bit in the
sequences 12 and 13 may be set to “1” (V=1) especially when the sequences
10 and 11 represent a value of a transmitted bit set to “0” (V=0).
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Both parameters t, and t, are defined in the first device.

The method of the invention allows defining a data bit transmission
depending of a sequence of touches and touch releases and the durations of
the first and the second parameters. The configuration of the first and second
parameters may be used for optimizing data rate between the first and the
second devices, improving discrimination of the data received.

The second device comprising a touchscreen has a scanning
function allowing determining periodically each event occurring on the
touchscreen. A capacitive matrix on the screen may be coupled to a calculator
in order to activate the scanning function periodically. In one example the
scanning frequency is comprised in the range [25Hz; 65Hz]. For instance a
possible value may be substantially equal to 30 Hz.

In order to get all the happening events as touch, touch release,
slide, pinch, etc. the second device scans periodically the screen to measure a
possible change in local capacitance.

Each point is scanned once per period. The period is called here
Tecan- This parameter is defined by the manufacturer of the second device.
When a change is detected during a scan, a calculator of the second device
raises an event containing some information among which the event type, a
position on the screen and a timestamp. The event may be generated at the
hardware level and/or at the application level depending of the second device.

In one embodiment, there is no way to poll the screen state. Events
can only be raised if a modification is detected during a scan. If there is no
modification, no information is sent. The events are raised in real time during
the acquisition of data bit transmission by the second device, each event
comprising a timestamp.

In the method for encoding data of the invention, the data coding and
the transmission of such data between the first device and the second device is
based on an asynchronous communication.

Each sequence defined in figure 1 according to the invention
comprises a touch or a touch release at the beginning of each bit to transmit.
Each transmitted bit is sent during a first period t, or a second period tp
depending of the data bit sequence to send. The measures of the event
timestamps at the second device level allow retrieve the sequence of data bit.
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To distinguish a value ‘0’ from a value ‘1’ at the receiver level, it
means from the second device point of view, it is needed to figure out the time
between two consecutive events. In order to achieve this in a reliable way,
parameters t, and t, shall be constrained. The method of the invention allows
defining relations between these parameters and with the scanning period Tscan
of the second device.

Figure 2A represents a first sequence 14 of touches and touch
releases comprising a touch TS and a touch released R which succeeds to the
touch TS. The two first state transitions are spaced of the duration t, as defined
in figure 1.

The second device is able to scan the capacitive state on its
touchscreen every Tqan period thanks to a calculator. The calculator polls the
screen state periodically every moment 21, 22, 23, 24. If the result of this polling
is different from the previous one, an event is raised in the second device.

Figure 2A represents a case where Tg.an €xceeds the first duration of
t.. We have the following relation:

o Tecan>1a

Owing to the way a capacitive touchscreen works, the two first
actions do not raise an event in the second device:

= S(21)=R
= S(22)=R
= S(23)=R
= S(24)=TS

t -> S(t) is the function giving the capacitive state of the touchscreen
at different period given by the scanning period.

There is only one event raised at 24 because there is a modification
on the touchscreen.

The communication between the two devices being asynchronous, in
such configuration, the second device may miss the event corresponding to a
touch TS being activated continuously during t,, as it is represented in figure
2A.

This explains why t, should verify the following relation:

¢ Tean<ta
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The same explanation could be applied for a touch release.

In figure 2B a second sequence 15 of touches and touch releases
from the first device is represented. t, is defined, or reciprocally Tecan, in Order to
obtain the following relation:

* Tsean<ta

The method of the invention allows determining a period t; long
enough to raise an event in the second device as a touch TS if the sequence is
a transmitted sequence 10 or a touch released R is the sequence is a
transmitted sequence 11.

The method is based on relative timings between events. To get
these timings, timestamps from events need to be analyzed.

The touch maintained during t, seconds by the first device will raise
two events in the second device:

= Timestamp(E1) = x

=  Timestamp(E2) = X + Tscan

So the duration seen by the second device of the first duration t, is:
= T(t) = Te2 = Timestamp(Ey) — Timestamp(E+) = Tecan

i -> Tg is a function giving the time interval after detecting two
successive events: E; and Ei.4 at the second device level. The time interval is
defined by the duration between two timestamps of both successive events
generated by the second device.

At the receiver level, the calculation of Tgy¢ allows comparing the
result with a predefined threshold which enables determining if the duration of
the received bit is closer from t, or .

It means that the touch which lasts t, for the first device will be seen
as a touch which lasts T..an for the second device.

The same interpretation can be done for ty:

=  Timestamp(Ez) = X + Tscan

» Timestamp(Es) = X + 10*Tscan

So the duration seen by the second device is:
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= T(tp) = Timestamp(E3) — Timestamp(Ey) = 9" Tecan

It means that the bit which lasts t, for the first device will be seen as
a touch which lasts 9*Tccan.

In all cases, a duration seen by the second device will always be a
multiple of Tsan. The first and the second durations t,, t, defined in the first
device are seen by the second device as multiples of Tscan-

To ensure a correct discrimination between ‘1’ and ‘0’, a relation
between t; and t, shall be established. Parameters t; and t, can be written like
the following:

" ta=Ta"Tscan +a

. tb = rb*-l_scan + qb

Where r, and ry, are integers strictly positive because t; > Tsan and ty,
> Tscan @nd where g, and qp are belonging to [0 ; Tseanl-

The following inequalities come:

" la"Tscan < T(ta) < (ra+1)" Tscan

" Mo Tscan < T(to) < (Mo+1) Tscan

According to a configuration of the method of the invention, a correct
discrimination of the data bit sequence received by the second device is
possible if the following relation is verified:

= T(ta) < T(k)

The relation above leads to the following constraint between t; and t,:

" p>ra+

A figure 3 illustrates a sequence 16 received by the second device.
At each Tecan, @ calculator of the second device allows scanning the state of the
screen. When a change (i.e. modification of the state of the screen) is detected
an event is raised. The sequence 16 shows 5 events raised after receiving the
sequence of touches and touch releases.

Events E4, E», Es, E4, Es and Eg are noted on figure 3.

When the event E; is raised, the calculator of the second device is
able to determinate a first timestamp: Teg..
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When E2 is raised, a modification of the state of the screen is
detected.
» Tgo = Timestamp(Ez) — Timestamp(E1) = 1*Tecan

The same calculation may be applied at each event E,, E3, E4, Es:
= Tgz = Timestamp(E3) — Timestamp(E,) = 4*Tscan ;
=  Tg4 = Timestamp(E,) — Timestamp(E3) = 3*Tscan ;
» Tgs = Timestamp(Es) — Timestamp(E4) = 2*Tscan ;
» Tge = Timestamp(Ee) — Timestamp(Es) = 1*Tscan ;

In that example,
u ta = 1*Tscan + qa, Where ra = 1 ;
" tp=3"Tscan + Qo, Where r, = 3.

The example of figure 3 is consistent with the requirements of the
method of the invention. The following relation is verified:
" rp=3>ra+1=2

Figure 4 illustrates an example of a sequence 18 where:

" ta=1"Tscan;

" tp=3"Tscan

The sequence 18 shows:

» the sequence of touches and touch releases generated by the
first device by representing the first and the second durations t,
and t;

» the sequence of events generated by the second device by
representing the events E4, Ep, Es, E4, Es, E¢ and the associated
timestamps defining the duration Tg;, i € [1, 6]

» the modification of states TS and R of an area of the touchscreen
of the second device.

For better understanding, the sequence 18 begins at t, and the

scanning frequency is represented in the sequence 18.

This configuration allows defining an interval of time between two
timestamps of two successive events equal either to the first duration either to
the second duration.
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In one embodiment, a preliminary step of the method allows the first
device to retrieve the scanning period Tean Or the scanning frequency 1/Tscan
from the second device. Once the scanning period Tsc.an Was acquired by the
first device, the said first device may adapt and configure the value of the first
duration t, and the second duration t, in order to optimize the data transmission
between the first device and the second device.

An advantage of this solution is to ensure an adaptable and flexible
solution which may be used independently of the technology used by the
touchscreen of the second device. Indeed, the scanning frequency of capacitive
matrix may be different from a device to another.

In one embodiment, the scanning frequency may be sent from the
second device to the first device by:

- an operator action on the second device or ;

- an automatic detection of the presence of the first device arranged on

the surface of the screen of the second device;

- after receiving a request from the first device.

The scanning period may be sent by any interface of the second
device: audio signal, light emitter, wifi, Bluetooth.

In a specific embodiment, the scanning period is sent by generating a
flashing by the calculator of the second device and transmitted by the screen of
the said second device. The flashing is set to the frequency of the scanning
frequency in order to allow the first device acquire the frequency value of the
flashing.

In another embodiment, the values of t;, and t, may be configured to
be compliant according to a predefined scanning period during a predefined
duration at the beginning of the communication between both devices. The
predefined scanning period may be chosen in order to be a large enough period
to work with all possible devices.

Then the scanning frequency may be adapted during the
transmission between both devices in order to improve data rate transmission.

The invention concerns a device, call first device, for transmitting a
sequence of events, the events being generated according to the method of the
invention, the device comprising an actuator allowing the emulation of a touch
on a capacitive touchscreen. The first device comprises also a surface intended
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to cooperate with an area of a touchscreen for activating the actuator on the
area. The first device may comprise a calculator and a screen.

Figure 5A illustrates a first device 40 comprising a calculator K1 and
actuator 41. The actuator 41 allows generating a sequence of touches and
touch releases on the touchscreen of the second device 30. The calculator K1
allows encoding the bit stream sequence and piloting the actuator 41.

The second device 30 comprises a calculator K2 and a touchscreen
31. The touchscreen 31 is able to manage modifications of the capacitive state
of at least a first area. The first area may be the whole surface of the
touchscreen or a part of the touchscreen. The second device 30 generates a
sequence of events, each event corresponding to the detection of a state
transition of the first area of the touchscreen. The second device 30 comprises
a calculator K2 able to retrieve the transmitted bit sequence from the first device
by analyzing the measured duration between two successive events generated.

Both first and second devices may be paired mechanically by
positioning mean 42. The positioning mean 42 allows the actuator of the first
device to transmit a sequence of touches and touch releases in the same area.
The advantage is to stabilize both devices during the transmission.

The figure 5B illustrates a first device 40 as a smart card comprising
a first actuator 41. In an embodiment the first device may comprise a set of
actuators 41, 42. In one embodiment, the first device is able to emulate
simultaneously different sequences of touches and touch releases with different
actuators on a set of different areas of the touchscreen 31 of the second device
30.

In another embodiment, the first device 40 comprises a light sensor 43
for receiving a flashing light. The second device is able to generate a flashing of
an area of the touchscreen at the scanning frequency. The first device 40 is
capable to detect the frequency of the flashing light and to retrieve the scanning
period.
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14

CLAIMS

Method for transmitting a data stream from a first device (40) able to
emulate touch (TS) and touch release (R) on a touchscreen (31) of a
second device (30), characterized in that the touchscreen state is
switching between two different states by a generation of a modification
of the capacitive state of at least a first area of the touch screen, and in
that the method comprises:

e generating a sequence of touches (TS) and touch releases (R)
defining a sequence of state transitions of the first area of the
touchscreen, a first value of bit being encoded by a first duration
(ta) defined between two state transitions and a second value of
bit being encoded by a second duration (t,) defined between two
state transitions ;

e generating a sequence of events (E+, Ep, Es, E4, Es, Eg) raised in
the second device (30), each event corresponding to the detection
of a state transition of the first area of the touchscreen ;

e retrieving a bit stream by analyzing each measured duration by
the second device between two successive events (E4, Es, Es, E4,
Es, Ee) Of the sequence of events.

Method for transmitting a data stream according to claim 1, wherein the
method comprises :

e discriminating the sequence of measured durations by comparing
each measured duration of the sequence with a predefined
threshold, the predefined threshold being defined in order to
discriminate the measured duration corresponding to a first
duration (t,) or a second duration (ip).

Method for transmitting a data stream according to claim 1 or 2, wherein
the detection of state transitions allowing the generation of events is
realized by sampling at a scanning period (Tscan) the capacitive state of
the first area of the touchscreen (31).

Method for transmitting a data stream according to any of claims 1 to 3,
wherein the first device (40) is able to emulate simultaneously different
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10.

11.

12.

15

sequences of touches (TS) and touch releases (R) on a set of different
areas of the touchscreen (31) of the second device (30).

Method for transmitting a data stream according to claim 3 or 4, wherein
the first duration (t,) is greater than or equal to the scanning period
(Tscan)-

Method for transmitting a data stream according to any of claims 3 to 5,
wherein the first duration (t,) is equal to or less than twice the scanning
period (Tecan) Value.

Method for transmitting a data stream according to any of claims 3 to 6,
wherein the second duration (tp) is equal to or more than twice the
scanning period (Tscan) Value.

Method for transmitting a data stream according to any of claims 3 to 7,
wherein the second duration (ip) is equal to or more than three times the
scanning period (Tscan) Value.

Method for transmitting a data stream according to any of claims 3 to 8,
wherein the method comprises a preliminary step comprising transmitting
the scanning period (Tscan) from the second device (30) to the first device
(40).

Method for transmitting a data stream according to claim 9, wherein
transmitting the scanning period (Tscan) from the second device (30)
comprises a detection of the presence of a first device (40) set on the
touchscreen (31).

Method for transmitting a data stream according to claim 9 or 10, wherein
transmitting the scanning period (Tean) from the second device
comprises generating a flashing of an area of the touchscreen at the
scanning frequency (Tscan)-

Method for transmitting a data stream according to any of claims 9 to 11,
wherein the method comprises calculating the first duration (t,) and the
second duration (tp) by the first device according to the value of scanning
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14.

15.

16.

16

period (Tscan) received from the second device, ensuring that the first
duration (t,) is greater than the scanning period (Tscan)-

Method for transmitting a data stream according to any of claims 9 to 12,
wherein the method comprises a preliminary step comprising :
e calculating the first duration (t;) by the first device after receiving
the scanning period (Tscan) ;
e calculating the first duration (tp,) by the first device after receiving
the scanning period (Tscan) ;
e encoding a data bit sequence into a sequence of touches and
touch releases, two successive state transitions being generated
each first or each second duration.

Device (40) for transmitting a data stream to a second device (30),
characterized in that the device comprises at least one actuator able to
emulate a sequence of touches (TS) and touch releases (R) on a
capacitive touchscreen (31) of a second device (30), the actuator being
controlled by a calculator (K1), a sequence of touches (TS) and touch
releases (R) defining a sequence of state transitions on an area of the
touchscreen of the second device, a first value of bit being encoded by a
first duration (t,) defined between two state transitions and a second
value of bit being encoded by a second duration (t,) defined between two
state transitions.

Device (40) according to claim 14, wherein the device comprises a light
sensor (43) able to retrieve the frequency of a flashing light emitted by
the second device (30).

Device (40) according to claim 14, wherein the device (40) comprises a
calculator (K4) able to calculate the first duration (t.) and the second
duration () depending of the value of the frequency of a flashing light
retrieved.

17.Device (30) according to claim 14, wherein the device comprises a

touchscreen (31) able to switching between two different states when a
modification of the capacitive state occurred in at least a first area of the
touchscreen, a sequence of modifications of the capacitive state allowing
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the generation of a sequence of events (E4, E,, Es, Es4, Es, Eg), €ach
event corresponding to the detection of a state transition of the first area
of the touchscreen, the device (40) comprising a calculator (K) for
retrieving a bit stream by analyzing each measured duration between two
successive events of the sequence of events.
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