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FINGER POSITION SENSING AND DISPLAY

RELATED APPLICATIONS

REHI Y This patent application claims priovity from United States Nog-
Provisional Patent Application titled "FINGER POSITION SENSING AND

DISPLAY.” filed on June 14, 2014, Serial Number 14/300,587.

BACKGROUND OF THE INVENTION

o002} The mvention relates generally to ascertaining finger position during
typing and more spectfically to providing continuous feedback on finger position

during typing.

2. ART BACKGROUEND

{0003} Learnmng to type on a keyboard when a person does net ook at the
keyboard during typing is referred to as "blind typing” or "touch tvping.” During
propely executed blind typing, the person’s eyes are either on a paper, which s the
source of content betng typed, or the person's eyes are on the computer sereen
associated with the word processing system. Proficiency at blind tvping can result in
much higher typing rates than can be achieved when a person has to fook at the

kevboard i order to find the correct key. However, blind typing takes ime to leam.
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Often a person who s leanming to blind type does not know which key a finger
over. This can result i nustakes during typing which decrease the rate of typing
corvectly spelied words,  This can present a problem,

{0004} Some keyboards place indicia, such as a small raised bump, on two
keys for example, the "F" key and the "J" key for location with the powter finger of a

left and right hand respeetively, these are called "Home" keys, Home keys assist the

person in findmg the home posttion however it 15 sull a ime consuming process to
memorize a keyboard layout so that a person can type accurately without looking at
the keyboard. This can present a problem. Some keyboards such as virtwal keyboards
do not have physical keys on which indicia could be placed for home keys. Thus,
virtual keyboards can present steeper fearning curves to 4 person legrning to type.
This can present a problem,

{0005} Fven with mdicia to wdentify home keys, mistakes made during blind
typing ave exacerbated by lack of famibiarity with a given kevboard layout. Notall
kevboards have the keyvs arranged m the same order, for example, the following
acronyms refer to several keyvboard layouts QWERTY, AZERTY, Dvorak, ABCDE,
and XPeRT. Moving from one keyboard 1o another presents a new learming
gxperience to a person, which can result in an icrcased tvping error rate. This can
present a problem,

[0B06] Wearable computing devices are worn by a person and include a data
display built into eve glasses or gogeles for example. At times a person wearing a
wearable computer device might be constramned by the activity and prevented from
looking at a keyboard which is being used as an input device for the wearable

compgting device. Input ervor can reselt from blind typing when the wrong key is
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pressed due to the user not knowing which key a finger ts over at a given point in

time. This can present a problem.
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BRIEF DESCRIPTION OF THE DRAWINGS

[a6a7] The invention may best be understood by referring to the following
description and accompanying drawings that are used to iHustrate embodiments of the
mvention. The invention 13 ilostrated by way of example 1o the embodiments and 18
not hmited in the figures of the accompanying drawings, in which ike references

indicate simlar olements.

[0008] Figure 1A tlustrates a imitation of an existing keyboard.

{009 Figure 1B lustrates a data display, according to embodiments of the
mvention.

{0010} Figare 2 illustrates a block diagram for a kevboard and data

processing systemy, according to embodiments of the mvention,

{0011} Figure 3 illustrates a keyboard matrix, according to embodiments of
the invention.

0012} Figure 4A illustrates a process for communicating finger presence
assoctations 1o a user, according to embodiments of the wvention,

0134 Figure 4B dlustrates anther procesy for obtamng and displayving het-
key associations on a data display, according to embodiments of the mvention,
{0014} Figare 3 iHustrates a block diagram of a keyvboard according to
embodiments of the fnvention.

[0015] Figure 6 illustrates a keyboard matrix configured to produce finger
presence signals according to embodiments of the invention.

{0016} Figure 7 illustrates another kevboard matrix configured to produce

finger presence signals, according to embodiments of the mvention.
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{0017} Figure 8A ilustrates a virtual kevboard according to embodiments of
the invention.

{0018} Figure 8B illustrates a finger presence overlay kevboard according to
embodiments of the invention.

[0019] Figure 8C illustrates a keyboard matrix configared to generate finger

presence overlay signals, according to embodiments of the 1avention

{0020} Figure 9A illustrates procosses according to embodiments of the
mvention.
{0021} Figure 9B tlustrates communicating an association according to

embodiments of the invention.

{0022} Figure 10 illustrates a data display communicating finger presence
associations according to embodimens of the Invention,

{0023} Figure 11 iflustrates a data processing system according to

cmbodiments of the mvention.
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DETAILED DESCRIPTION

o624} In the following detailed description of embodiments of the mvention,
reference is made to the accompanying drawings in which like references indicate
similar elements, and m which ts shown by way of Hlustration, specific embodiments
i which the invention may be practiced. These embodiments are described
sufficient detail to enable those of skill in the art to practice the fnvention. In other
instances, well-known crrewts, structures, and techniques have not been shown in
detatl i order not to obscure the understanding of this deseniption. The following
detailed description is, therefore, not 1o be taken in a limiting sense, and the scope of
the invention 1s defined only by the appended claims.

[0625] Apparatuses and methods are described for communicating which keys
of a kevboard a oser's finger are over at any pomt in time.

{0026} Figure 1A iHustrates, generally at 100, a imitation of an existing
keyboard. With reference to Figure 1A, a user 102 is typing on a keyboard 104, The
kevboard 104 depicted m Figure 1A can be gither a physical kevboard or a virtual
kevboard, The data are wput via the keyboard 104 into a data processing systern and
appear on a data display 106, As the user 102 types, the user fooks at the keyboard
104 as indicated with line of sight 108, Alternately, as indicated by an arrow 112, the
aser 102 moves his or her head up to look at the data display 106 as indicated by a
line of sight 110 and the dashed line indicating the alternative head position, This
aser s Jearning to blind type or alternatively using a kevboard with a layout which s
new to the user and therefore ends vp with a high percentage of musspelled words as
evidenced by the text on the data display 106 which reads: "words amr speled wrong

when 1 am learng to bind tppe.”
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{0627} Figure 1B dhustrates, generally at 150, o data display, according to
embodiments of the invention. With reference to Figure 3B, a user 102 maintamns a
line of sight 160 leoking at the data display 154 while blind typing. In various
embodiments, an association between the presence of the user's fingers and the kevs
of the keyboard 152, which the user's fingers are over, s displayed in a region 156
{window} of the data display 134, The association, commumcated by hot-keys (a hot-
key 1s difforentiated 1w appearance from a key which does not have a finger presence
association) indicated at 188, is displayed in the region 156 and comnunicates
instamtancously to the user 102 which kevs the user's fingers are over. As used in this
description of embodiments, the term "hot-key” is used to refer 1o a key of a keyboard
that has a finger presence associated therewith. The region 156 1s also referred to as a
soft keyboard since it is a graphical reprosentation of the physical keyboard 152 or a
graphical representation of a portion of the physical kevboard 152, In some
erabodiments, described below, the soft keyboard 156 is a graphical representation of
a virtual keyboard., The need to look at the keyboard 152 1s obviated by the display of
hot-keys 158 in the window 1356 (soft kevboard). The learning curve assoctated with
blind typing or using a new kevboard layout 15 decreased through use of embodiments
of the invention because a user can adjust finger position based on the associations
158 appearing on the soft keyboard 156, In some embodiments, the user is able to see
where his or her finger's are placed without needing to fully press the key of the
keyboard. As used in thig detailed description of embodiments, the presence of a
user's finger “over™ a key has a phurality of meaning as defined herein including: (1}
above the key but not touching the key: (2) contacting the key bat not depressing the

key: (3) pressing the key by an amount less than that which causes the key to log a
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data entryy and (4) pressing the key by an amount which does cause the key o log a
data entry.

[0028] Figure 2 illustrates, generally at 200, a block diagram for a kevboard
and data processing system, according to embodiments of the invention. With
reference to Figure 2, a keyboard 202 mcludes a keyboard processor 206, also
referred to as a kevboard encoder, 1 electrical communication 216 with a keyboard
matrix 208, The keyboard 202 is coupled to a data processing device {system) 204
with connection 214, The terms data processing svstem and data processing device
are used interchangeably through this descniption. The data processing device 204
includes @ main central processing unit {CPU) 210 and g data display 212, as well as
other components not shown m the figure to facilitate transfer of data there between.
The data processing system 204 is a general representation of a data processing
system sach as is convnonly know as, e.g., a deskiop computer, a laptop computer, a
tablet computer or pad, a smart phone, a wearable computer, ete. without Bmitation as

to computing device. The comnection 214 can be a hardwired cable or a wireless

connection such as Tor example a wireless connection according to the Bluetooth
protocol.
00291 The kevboard 202 provides a user interface through which a user can

input commands {systen: and application level commands) and alpha-numeric data
into the data processing system 204, The keyboard matrix 208 1s commonly
configured as a grid of conductive paths {often a wire is used for a conductive path)
nomunally arvanged in a series of horizontal and vertical paths with a switch (sensor)
located at the intersection of cach horizontal and vertical conductive path,

{0030} As used i this description of embodiments, the word “switch” will be

Mo

understood to encompass the meaning of the word "sensor™ As such, the terms are
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used inteschangeably herein. As those of skill in the art understand, 8 "switeh” 1s used
to complete a circuit along a certain path. Thus, 1 one example, a switch used to
complete a cireuit between two conductive paths performs the function of a sensor
with respect to a user's finger poshing on a key of a keyboard that completed the
circuit.  In another example, & multidevel switch provides additional sensor
functionality with more thas two states.  In other examples, a "sensor” 18 constructed
with one or more inputs and an algorithm is used by a data processing system to
provide discrote, semi-continuous, or continuous output with respect to an input.
{0031} Figure 3 tllustrates a kevboard matrix, according to emboduments of
the wvention, With reference to Figure 3 at 300 a general representation of a
kevhoard matrix 1s shown with a general number of m rows and » columns. Each key
of a keyboard will correspond with a crossing of a nonuinally horizontal and a
nominally vertical conductive path within a keyboard matrix as desertbed below. A
keyboard matrix construct has become a commonly used techmque to reduce the
aurber of individual conductive paths needs to access the complement of keyvs on a
keyboard. thereby simphifving the kevboard interface. "Nomial™ is ased herein to
describe horizontal or vertical orientation of the conductive paths because there is no
rigid constraint on the orientation that the conductive paths make with each other. in
sone instances the angle between a nominally horizontal and vertical conductive path

grees (parallel arrangement not shown in the figure) and

<

will vary between zero de

ninety degrees (as shown i the figures. e.g., Figare 3) and can vary along the length

of the conductive path as desired (not shown). For the remainder of this discussion, it
o ¥

will be understood that reference to horizontal or vertical implics "nominal” even

though the word "nomunal” will not be used 1n the interest of clarity.
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{0032} For each of the & colamns 362, a vertically oriented conductive path 18
created as Hlustrated by 306, 308, 310, and 312. Similarly. for each of the m rows
304, a horizontally oriented conductive path is created as is lustrated by 314, 316,
318, and 320. Conductive paths 306, 308, 310, 312, 314, 316, 318, and 320 can be
implomentad m various ways with wires, conductive traces on a printed circuit board,
gto. Typically, a sensor (switch) is located at cach place where a borizontal and
vertical path cross as indicated by sohid civeles, eg., 3224, 3244, and 326a (the
remaining solid circles are not numbered for clarity within the iflustration}. A sensor
{switch) 1s located at cach solid circle, When mechanical switches are used, typieally
all switches are in the open state until a key 18 pressed. Any type of mechanical
switch technology can be used, such as but not imited to, rubber dome switches,
membrane switches, metal contact, foam element, scissor switch, buckling spring,
hatl-effect, etc. Embodiments of the invention are not linited by the type of sensor
{switch) implomented i a keyboard, Alternatively, when capacitive switches
(sensors) arve used, current flows through the whole kevboard matrix, When a key is

-

pressed the capacitive switch causes the cwrrent flow to change. The processor senses
this change and interprets it as a key press. In other embodiments a resistive switch
element is used to sense a key press.

[0033] Along the first row, the first three switches and conductive paths are
configured m the followimg way. A switch 322a is coupled to a key 322b of a
keyboard and to conductive path 306 and conductive path 314, Similarly, a switch
324a 15 coupled to a key 324b of the keyboard and to conductive path 308 and

conductive path 314, Similarly, a switch 326a 18 coupled to a key 326b of the

keyboard and to conductive path 310 and conductive path 314,

10
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{0034} A typieal mode of operation of a keyboard is accomplished by a
kevhoard processor, also referred to as an encoder, such as 206 in Figure 2 supplying
a source of electrical power to the columns {conductive paths 386, 308, 310, and 312}
and seasing any power on the rows (conductive paths 314, 316, 318, and 320}
resulting from a completed cirauit from a depressed key of the kevboard. With
mechanical switches used in the open state {as defant for non~-depressed keys), the
kevhoard encoder 206 typically supplies power by sequencing the power from one
conductive path to the other, The keyboard encoder 206 (Figure 2) continuously
senses for power on the rows (conductive paths 314, 316, 318, and 320). When a user
presses the key, such as for example 322b, electrical contimuty 1s made between
conductive path 306 and 314 and the pressed key s detected by the keyboard encoder
206 (Figure 2.

[0035] The keyboard encoder 206 (Figure 2} or other processor participating
in control of the kevboard, associates the pressed key with a kevboard character
reference chart 352 to obtam the character or function associated with the pressed
kev, A kevboard character reference chart s shustrated generally at 3530 Figure 3.
A keyboard character reforence chart can be timplemented as g tookup table stored in
memory, such as read only memory (ROM) aceessible to a keyboard encoder or other
processor. In one embodiment, the kevboard character reference chart 352 has a first
colummn 334 corresponding to a row index "m" of the keyboard matrix 308, a second
column 356 corresponding to colomn mdex "a" of the kevboard matrix 300 and the
corresponding function value or data vahue 18 shown in cohumn 358 with heading "K.”
{0036} In one example, utilizing the well known QWERTY keyboard, the
data values for the first three text keys to the right of the "Tab” key (not shown) which

are 1 the first row used for alpha input with a QWERTY kevboard are shown in

11
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column 358 wath column heading K" By way of example, when a user presses the
key 322b, row, colummn indices (1, 1) are registered by a keyboard encoder during
scanning of the keyboard matrix 300, Euntering the keyboard reference chart 352 with
row, columm tndices (1, 1) at vow 360 corresponds with a data value of "Q" as
indicated at 362, Smmilarly, when a kev 324b 1s pressed by the user, current flows
from conductive path 308 to conductive path 314 and is sensed by the keyboard
encoder. Entermng the keyboard reference chart 352 with row, column indices €1, 2) at
row 364 correspond with a data value of "W as mdicated at 366, Similarly, when a
key 320D is pressed by the user, current flows from conductive path 310 to conductive
path 314 and is sensed by the keyboard encoder 206, Entering the kevboard reference
chart 352 with row, column mdices {1, 3) at row 368 corresponds with a data valoe of
"E" as mdicated at 370, In this example, since the "Shift” kev was not pressed
simuitancously the actual data values are lower case alpha characters, "g, w,and ¢.”
Upper case Q, W, and E are used in this description since the keyboard keys are
usually marked with these upper case letters. Sunilar functionality of the kevboard
with keys indicated with dashed Hines such as 328, 330, ete. are used to enter chart
352 to retrieve the appropuiate data value that represents alpha-numeric data ov
function for a given keyboard layout.

{0037} The example gbove 1s directed to the QWERTY kevboard, however
embodiments of the invention are readily maplemented with any kevboard design such
as but not Hnnted to QWERTY, AZERTY, Dvorak, ABCDE, XPeRT, and a user
defined custom kevhoard.

[0038] Alternatively, m some embodiments, a muoltilevel sensor, suchasa
capacitive sensor or a resistive sensor can be used to construct the keyboard matrix.

In various embodiments, capacitive sensors (switches) ave used at 322a, 3244, 3264,

12
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ete. throaghout the keyboard matrix. In one embodiment, to ereate a multilevel
capactiive switch, the range of motion of a key and the corresponding change mn
capacttance s divided between a first state and a second state, The first state 15 used
to detect finger presence and the second state 18 used to detect a key press for data
input. In various embodiments, multilovel resistive switches (sensors) are used at
322a, 3344, 3264, ete. In one embodiment, a multilevel resistive switch i ereated by
stacking two resistive switeh lavers on top of each other. Alternatively, two resistive
switches are placed close enough to each other such that they are both tnggered by a
user’s finger. 1o cither implementation, ove of the resistive switeh layers is designed
to trigger with a level of pressure that is less than a level of pressure necessary to
frigger the other. The swatch designed to trigger with the lesser presswre 15 used to
sense finger presence while the one designed to close with the larger pressure is used
for data input. In some embodiments, multilevel resistive switches are configured as
described below in conjunction with Figure 6 and Figure 7.

{0639} Two level switches require the keyboard character refevence chart 352
to be accessed twice, once when the first level of the switch s triggered and then a
second time when the second level of the switch is triggered. For example, when a
user presses the kev 322b by a fivst amount the first lovel of the switch 3223 48
triggored. The keyboard character reforence chart 352 15 accossed for row, column
indices (1, 1} at the first switeh level, row 360 and columm 38, retrieving FPy at 382
indicating that finger presence is detected at the "Q" key. If the user pushes the key
by a second ammmt (the sccond amount being greater than the first amount} then the
second level of the switch s triggered. The keyboard character reference chart 352

accessed at colunm 358 and a "Q” is retrieved at 362 corresponding to the data inpat

for the pressed key

13
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{0040} Similarly, if the aser presses the key 3234b by a fivst amount, the first
level of the switch 324b is triggered. The keyboard character reference chart 352 is
accessed for row, column indices (1, 2) at the first switch level, row 364 and colunn
380; retrieving FPw at 384 tndicating that finger presence 1s detected at the “W™ key,
1 the user pushes the key by a second amount (the second amount bemg greater than
the first amount) then the second lovel of the switeh is triggered. The keyvboard
character reference chart 352 s accessed at cohumn 358 and a "W s retrieved at 366
corresponding to the data input for the pressed key.
{0041} Similarly, if the user presses the key 326b by a first amount, the first
level of the switch 326b s wiggered. The kevboard character reference chart 352
accessed for row, column indices {1, 3) at the hrst switch level, row 368 and column
380; retrieving FPg at 386 indicating that finger presence is detected at the “E™ key.,
If the user pushes the key by a second amount {the second amount being greater than
the furst amount) then the second level of the switch s triggered. The keyboard
character reference chart 332 18 accessed at column 358 and a "E" 13 retrieved at 370
corresponding to the data mpuat for the pressed key
0042} With reference back to Figure 2, on a continuous basis, keyboard
encader 206 communicates at 214 the status of the keyboard to keyboard controlier
210, sending duia over an interface, such as an interface designed to for use with
PSA2, Unrversal Serial Bus (USB), or wireless mterfaces such as Bluetooth, ete.
Kevboard controller 210 or another processor communicates with the kevboard
encoder 206 receiving keyboard status and data resulting from key presses as they
oceur for both finger presence signals and data signals or for just data signals,

according to a configuration implemented in a particalar embodiment. Kevboard

14
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controlier 218 can be configured as a separate processor or the mam central
processing unit (CPU} of the data processing device can perform this function.

{0043} Figure 4A illustrates, generally at 400, a process for communicating
finger presence associations to a user, according to embodiments of the invention.
With respect to Figure 44, a process starts at a block 402, The process proceeds to a
block 404 where the keyboard status is analyzed by a finger presence geperator. Ina
block 406 the finger presence generator determines which kevs of the keyvboard have
a finger placed over a given key in order to obtain finger presence signals. Depending
on the embodiment, placed "over™ a given kev ranges from (see four states described
above) determining which key has been pressed to the point of registering a data input
to determining i a user's finger is over a key but the key has not been pressed enough
to register the data input. For example, in the case of an existing legacy kevboard the

gencrator mamtams a hist of keys that are pressed to the point of

b

finger presence
registering a data mput signal as described above 1o conjunction with Figure 2. This
list is continnously updated. In another embodiment, where two sensors are used per
key location, the Anger presence genergtor maintains a list of keys that a user's fingers
are touching but which have not triggered data puts. Two sensors per key location
can be implemented with two sensors butlt into the keyboard per key location or by a
finger presence overlay described in the discussion pertaining to the figures below. In
vet other embodiments, where a sensor with two levels 1s used at cach key location,
the finger presence generator maintaing a list of keys that a user's fingers are touching,
thereby triggerving the first level (indicating finger presence) but not necessarily the
second level (indicating a data trigger), such embodiments were described above and
are also described below i conjanction with the figures that follow. In yet other

embodiments, such as in the case of a virtual kevboard constructed with an optical

15
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tracking camera and hght-trigger plane (Appendix A herein), the finger presence
generator maintains a list of kevs corresponding to a user's fingers which have come
within a predetermuned range height (range height corvesponds to & height off of the
flat surface that the virtual keyboard has been projected onto).

[0044] At a block 408 the finger presence signals are associated with
particuiar key locations on the keyboard. This is done according to the construct of &
given keyboard., For keyboards configured around a keyboard matrix, such as
described above in conjunction with Figure 2, the row, column indices associated
with detection of g pressed key provide the necessary coordinates to identify the key
and the key character table is used to obtain the data input value of the pressed key.
In other embodiments, such as with a virtual kevboard as desenbed above, x. v
coordinates for a finger position are used with a lookup table similar to 6532 with the
sabstitetion of X, y position for row cohumn indices », a1,

[0045] At a block 410 the associations are communicated to the yser. In one
embodiment, communication of the associations is performed by displaying a soft
kevboard on a data display such as the one Hlustrated in Figore 1B at 156 with the
hot-keys mdicated at 158, As used in this description of embodiments, hot-key refers
to a key which has a gser's finger over it. In conjunction with process 410, the soft
keyboard is created with a display engine and keyboard data that is read from
memory. Keyboard data includes the alpha-numeric values and functions assigned to
keys of the keyboard, relative position of the keys (x, ¥ location} on the keyboard.
Other methods of commuucating the hot-key associations to the user inclade audio
message. The process stops at a block 412.

{0046} Figure 4B illustrates, generally at 450, anther process for obtaining

and displaying hot-key associations on a data display, according to embodiments of

16
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the mvention. With reference to Figure 4B, a process starts at a block 452, Ata
block 454 a kevboard status is analyzed. Following the block 454 control sphts
between a path 478 and a path 480, Following the path 478 at a block 456 finger
presence signals are aggregated by a finger presence generator s described above, At
a black 43 the finger presence signals are associated with the kevs of a kevboard
including the data necessary to place/display the key within the kevboard, e.g, x, v
positions on the keyboard. At a block 460 finger presence associations are
communicated to a user. Communication to a user includes presentation of hot-key
associations i a region of g data display.

10647} Following a path 480 at g block 462 input data is obtained from a
kevboard when a key is pressed 1o trigger a data event for the key, At a block 464
mput data is retrigved from memory as described above and as facilitaed by look-up
tables when necessary or by resuits obtained from algorithms m other cases such as
with a virtual keyboard. At a block 466 mput data 1s displayed within a data window
of a data processing system's data display. This 18 done according to varions
examples; e.g., data input into a blind typig tetorial, a word processing application,
spread sheet apphcation, ete.

gered data inputs are in soms

T

0048} The key press cvents with trig
embodiments passed at 482 to the block 460 of path 478 and arc treated as finger

presence signals by the block 460, In embodiments which bave: two sensors per key

location, a sensor with multilevel triggers, or algorithmically generated finger

presence signal estimates along with key presses generating data mputs, both paths
478 and 480 operate concwrently to provide the nser with finger presence

associations for the relevant keys that a user's fingers are over at any point in time.
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{0049} Exiting the path 478 control proceeds at 468 and the process s
checked for an interrupt at 472, Similarly, following the path 480 control proceeds at
470 and the process s checked for an interrupt at 472, W an interrupt has been
registered the process stops at 474, I no intervupt has been registered then control
proceeds at 476 and the status of the kevboard s analyzed again at 454 and the
process repeats therehy providing a continuous communication of the key of the
keyboard that the user’s fingers are over at any point in fime.

{0650] Figure 8 illustrates, generally at 500, g block diagram of a kevboard
according to embodiments of the mvention. With reference to Figure §, a keyboard
541 has a keyboard matrix 302 including an array of sensors including sensors to
provide for data input and sensors to provide for finger presence. Alternatively, in
some embodiments, in place of the keyboard matrix 302, sensors 310 and algorithm
S12 are used to provide data from keys of a keyboard and finger presence signals
when a user's fingers are over the keys of the keyboard. Such a configuration s used
with a virtual keyboard, such as described above using an optical sensing systeny,
light source anit, kevhoard template, and corresponding signal processing in

b

algorithm 5120 An example of such virtual keyboard functionality Is contained in US
patent 8497841 by Sze et al. which is hereby Incorporated by reference.

{0051} A kevboard processor 504 {(also referred to as a kevboard encoder)
interacts with the keyboard matnix 502 or altemnatively sensors 510 and algorithm 512
to generate finger presence signals and key press signals for data input.

{0652} Key press signals corresponding to data inpuot are indicated at 506 and

(=3

finger presence signals are indicated at 308, Key press signals and finger presence

signals are communicated to a data processing device as indicated at 514, In various

embodiments, where a kevboard matrix 1s used in the implementation of & kevboard,
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the keyboard matrix 302 s configured with two sensors at each key location of the
keyboard or the keyboard matrix 1s configured with a single multi-leved sensor at each
key location in a kevboard. In other exnbodiments, when a keyboard matrix s used
with only one sensor at each key location key press events that trigger data apot are
also treated as finger presence signals as desceribed above.

{0053} Figure & tHlustrates, gencrally at 600, a kevboard matrix configured to
generate finger presence signals according to embodiments of the mvention. With
reference to Figure 6 a keyboard matrix is shown with a general number of s rows
604 and a columns 602. Each key of a keyboard will correspond with a crossing of
one nominatly horizontal and two nomumally vertical conductive paths within a
kevboard matrix as deseribed below. In various embodiments a two Jevel sensor or
two sensors are used for each key of the keyboard.

{0054} For each of the # columing, a vertically oniented conductive path s
created as flustrated by 606, 603, 610, 612, and 614, Simifarly, for each of the m
rows, a horizontally oriented conductive path s created as s Hlustrated by 610, 618,
620, 622 and 624, As described above, conductive paths 606, 608, 610, 612, 614,
616, 618, 620, 622, and 24 can be unplemented in various ways with wires,
conductive traces on a printed circuit board, ete. In one or more embodiments, a
sensor {switch) is located at cach miersection of a henizontal conductive path and two
vertical conductive paths as indicated by solid circles, e.g., 626a and 626¢ in key 626b
and 6284, 628¢ mn key 628b (the remaining solid cireles are not numbered for clartty
within the llustration). A seusor (switch) is located at each solid circle. When
mechanical switches are used, tvpically all switches are in the open state until a key is
pressed. Along the first row, the first two switches 626a and 626¢ are assocrated with

kev 626b of a keyvboard and to conductive paths 606, 608, and conductive path 616,
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Sinufarly, a switch 628a and a switch 628¢ are coupled 10 a key 628b of the kevboard
and to conductive paths 610, 612, and conductive path 616, Other switches are
indicated by dashed hines for example at 630, 632, 634, 636 as well as those that are
not labeled for clarity of flustration.

[0055] A typical mode of operation of a keyboard is accomplished by 2
kevboard processor, also referred to as an encoder, such as 206 in Figure 2 or 504 in
Figure S supplving a source of electrical power to the columus (conductive paths 606,
008, 610, 612, and 614) and sensing any power on the rows {conductive paths 616,
618, 620, 622, and 624) resulting from a completed cireuit from a depressed key of
the kevboard. With mechanical switches used w the open state (as default for non-
depressed keys), the keyboard encoder typically supplies power by sequencing the
power from one conductive path to the other. The kevboard encoder continsously
senses for power on the rows (conductive paths 616, 618, 620, 622, and 624). Whena
user presses a key, such as for example 626b, by an amount sufficient to trigger a frst
switch, e.g., 626¢ elecirical continaity s made between conductive path 606 and 616
and the pressed key is detected by the keyboard encoder as g finger presence signal,
mdicating that a user's finger is over key 626h of the kevboard. Pressing the key 626b
further results in the sensor 626a loggmg a data input signal. Electrical continuity is
made between conductive path 608 and 616 and the pressed key s detected by the
kevboard encoder as a data mput signal (comumand, or alpha-nameric inpat).

{0056} The kevhoard encoder associates the pressed key with a kevhoard
character reference chart 632 to obtain a finger presence signal associated with the
pressed key as well as the character or function associated with the pressed key, A
keyboard character reference chart is Hlustrated generally at 650 in Figure 6. A

kevboard character reference chart can be implemented as a lookup table stored in
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memory, such as read only memory (ROM) accessible to the kevboard encoder, The
kevboard character reference chart 632 has a first column 634 corresponding to a row
index "m" of the keyboard matrix 600, a second columm 656 corresponding to g
colunmm index "#" of the kevboard miatrix 600, and the corresponding function value
or data value is shown in column 638 with heading "K."

{087 Inn one example, utitizing the well known QWERTY kevboard, the
data values for first two text keys to the right of the "Tab" key {not shown} which are
on the first row used for alpha input of a QWERTY keyboard are shown in column
638 with column heading "K." By way of example, when a user presses the key 626b
by a first amount {sufficient to trigger seasor 626¢), row, column indices (1, 1} are
registered by the keyboard encoder during scanning of the keyboard matnix 600,
Entering the kevboard reference chart 632 with row, column indices (1, 1} at row 660
corresponds with a finger presence signal FPy as mdicated at 662. When a user
continues to press the key 626b by a second amount (which is greater than the first
amount and sefficient to frigger sensor 626a), row, column indices (1, 2) are
registered by the keyboard encoder during scanning of the keyboard matrix 600.
Entering the kevboard reference chart 652 with row, colummn indices 1, 2 at row 664
and column 638 corresponds with a data value of "Q" as indicated gt 666,

[0058] Similarly, when a user presses the key 628b by a first amount
{safficient to trigger sensor 628c), row cohumn indices (1, 3} are registered by the
keyboard encoder during scanming of the keyboard matrix 600, Entering the
kevboard reference chart 652 with row, cohann indices (1, 3) at vow 668 corresponds
with a finger presence signal FPw as indicated at 670, When g user continues 1o press
the key 623b by a second amount {which 18 greater than the first amount and

sufficient to trigger sensor 628a), row, column indices (1, 43 are registered by the
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kevboard encoder duning scanning of the keyboard matrix 600, Entering the kevboard
reference chart €32 with row, column indices 1, 3 at row 672 and column 658
corresponds with g data valoe of "W" as indicated at 674,

{0039} In this example, since the "Shift" key was not pressed simultaneously
the actual data values are lower case alpha characters, "q and w." Similar
functionality of the keyboard with keys indicated with dashed lines such as 630, 632,
634, 636, ete. are used to enter chart 652 to vetrieve the appropriate data value that
represents alpha-numeric data or function for a given keyboard lavout.

{0060} On a contimpoas basis, a keyboard encoder communicates the statas of
the kevboard to g keyboard controller, sending finger presence signals and key input
data over various mterfaces, such as those designed to use PS/2, Universal Serial Bus
{UISB), wireless interfaces such as Bluctooth, ete. The kevboard controller
commumeates with the kevboard encoder receiving kevboard status and mputting
data resulting from key presses as they occur and communicating the finger presence
signals to a user. As described above, a kevboard controlier can be configured as a
separate processor or the main central processing unit (CPU) of the data processing
device can perform this fanction.

{0061} Figure 7 illustrates another kevhogrd matrix configured to generate
finger presence signals according to smbodiments of the vention. With reference to
Figure 7 a keyboard matrix is shown at 700 with a general manber of s rows 704 and
# colunws 702, Each key of a kevboard will correspond with a crossing of two
nomnally horizontal and one nomunally vertical conductive paths within a keyvboard

matrix as deseribed below. In various embodiments a two level sensor or two sensors

are used for each key of the keyboard.
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{0062} For egch of the # colamns, a vertically oriented conductive path is
created as Hlustrated by 706, 708, 710, 712, and 714, Simuarly, for cach of the m
rows, a horizontally oriented conductive path s created as s Hlustrated by 710, 718,
720, 722 and 724, As described above, conductive paths 706, 708, 710, 712, 714,
716, TR, 720, 722, and 724 can be unplemented i various ways with wires,
conductive traces on & prnted cirenit board, ete. In one or more embodiments, a
sensor {switch) 1s located at each infersection of two horlzontal conductive paths and
one vertical conductive path as indicated by solid eircles, e.g., 726a and 726¢ 1 key
726b and 728a, 728¢ in key 728b (the remaining solid circles are not numbered for
clarity within the iltustration). A sensor (switch) 1s Jocated at each solid circle. When
mechanical switches are used, tvpically all switches are m the open state until a key is
pressed, Along the first two rows, the first two switches 726a and 7260 are associated
with key 720b of a keybeard and to conductive paths 706 and conductive paths 716
and 718, Similarly, a switch 728a and a switch 728¢ are coupled to a key 728b of the
kevboard and to conductive paths 716, 718 and to condoctive path 708, Other
switches are mndicated by dashed hines for example at 730, 732, 734, and 736 as well
as those that are not labeled for clarity of iHlustration.

{0063} A typrcal mode of operation of a keyboard s accomplished by g
keyboard processor, also referred to as an encoder, such as 206 i Figare 2 or 304 in
Figure 5 supplying a source of electrical power to the colunms (conductive paths 706,

708, 710, 712, and 714) and sensing any power on the rows {conductive paths 716,

~d

1R, 720, 722, and 724) resulting from a completed circuit from g depressed key of
the keyboard. With mechanical switches used in the open state (as default for non-
depressed keys), the keyvboard encoder typically supplies power by sequencing the

power from one conductive path to the other. The keyboard encoder continuously
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senses for power on the rows (conductive paths 716, 718, 720, 722, and 724). Whena
aser presses the key, such as for example 726b, by an amount sufficient to trigger a
first switch, e.g., 726¢ electrical continuity is made between conductive path 706 and
716 and the pressed key 18 detected by the keyboard encoder as a finger presence
signal, indicating that a user's finger is over key 726b of the kevboard, Pressing the
key 726b further results in the sensor 726a logging a data input signal. Electrical
continuity 1s made between conductive path 706 and 718 and the pressed key is
detected by the kevboard encoder as a data input signal {command, or alpha-numeric
input},
{00064] The keyboard encoder associates the pressed key with a keyboard
character reference chart 752 to obtain a finger presence signal associated with the
pressed key as well as the character or function associated with the pressed key, A
kevboard character reference chart is Hlustrated generally at 750 Figure 7. A
keyboard character reference chart can be implemented as a lookup table stored in
memory, such as read only memory (ROM) accessible to the keyboard encoder. The
keyboard character reference chart 752 has a fivst column 754 corresponding to a row
mndex "m" of the keyvboard matrix 700, a sccond column 756 corresponding to a
cotunn index "a" of the kevboard matrix 700 and the corresponding function value or
data value 1s shown in column 738 with heading "K."
{BG6s] In one example, wilizing the well known QWERTY kevboard, the
data values for first two text keys to the right of the "Tab” key {not shown) which are
on the first row used for alpha input of a QWERTY keyboard are shown in column
738 with column heading "K' By way of example, when a user presses the key 726b
by a first amoant {sufficient to trigger sensor 726¢), row, cotumn indices (1, ) are

registered by the keyboard encoder during scanning of the keyboard matrix 708,

Lo
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Entering the kevboard reference chart 752 with row, columm indices {1, 1) at row 760
corresponds with a finger presence signal FPg as mdicated at 762, When a aser
continues to press the key 726b by a second amount {which i greater than the first
amount and 13 sufficient to trigger sensor 726a), row, column indices (2, 1) are
registered by the kevboard encoder during scanning of the kevboard matrix 700,
entering the keyboard reference chart 752 with row, column indices {2, 1) at 764
correspond with a data value of "Q" as imndicated at 766.
LTS Similarly, when a user presses the key 728b by a first amount
{sufficient to trigger sensor 728¢), row, column mdices {1, 2} are registered by the
keyboard encoder during scanning of the keyboard matrix 700.  Entering the
kevhoard reference chart 752 with row, column indices (1, 2} at row 768 corresponds
with a finger presence signal FPyw as indicated at 770, When a user continues to press
the key 728b by a sccond amount {(which is greater than the first amount and
sufficient to trigger sensor 728a, row, columm indices (2, 2) are registered by the
kevboard encoder duning scanning of the kevboard matrix 700, entening the keyboard
reference chart 752 with row, column indices (2, 2) at 772 correspond with a data
value of "W as mdicated at 774
0067} i this example, since the "Shift" key was not pressed stmultaneously
the actual data values are lower case alpha characters, "g and w." Sinailar
functionality of the kevboard with keys indicated with dashed lines such as 736, 732,
734, 736, ete. are used to enter chart 752 to retrieve the approprate data value that
represents alpha~numeric data or function for a given keyboard favour.
[0068] On & continuoas basis, & keyboard encoder communicates the status of
the keyboard to a keyboard controller, sending finger presence signals and key inpot

data over various interfaces, such as those designed to use PS/2, Universal Serial Bus
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(USB}, wircless mterfaces such as Bluetooth, ete. The kevboard controller
communicates with the keyboard encoder recerving kevboard status and inputting
data resulting from key presses as they occur and communicating the finger presence
signals to a user. As described above, a kevboard controlier can be configured as a
separate processor or the maimn central processing unit (CPU) of the data processing
device can perform this function,

{1369} Figure BA iHustrates, generally at 800, a virtaal keyboard according to
embodiments of the invention. With reference to Figure A, a virtual kevboard unit
802 uses a laser to project an image of a kevboard 806 onto a flat surface 808, The
laser beam scans across an aperture 804 while projecting the keyboard 806,

{1070} A light source unit 803a projects a thin fan shaped beam of hght 812
above the flat sarface 808, An optical sensing system 803 receives fight scattered
from an object, such as a user'’s finger, when the object 1s within the detectable avea of
the optical sensing system 803, The detectable area is any area above the flat surface
808 1n which the image sensing systemn 803 can detect an object.  The thin fan shaped
beam of light 812 s spaced above the flat surface 808 by a distance of approximately
3 o 10 millmeters (mm).

{0071} A processor associated with virtual kevboard wnit 802 (which can also
be located m a data processing deviee to which 802 is m conmnunication) processes
the images of the user's fingers with a detection algorithm together with information
on whether the hortzontal beam of light has been mtersected by the user's finger in
order to determine whether a key press has occurred, Other parameters of the image
of the user's finger are analvzed to determine whether a key press has occurred such
as finger tp area changes, eic. The operation of a virtual keyboard 1s more

completely contained in Appendix A herem.
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{0672} The light source unit 8054 emits the thin fan shaped beam of fight 812
in a frequency range such as the infrared (IR) range (700nm ~ 1,400 om). The optical

sensing system 803 s angled with a view of the virtual keyboard 806 and
conttinuously senses a user's activities in the detectable area.

{0873} A side view paralle] to the flat surface 808 1s shown in 820, Axis R1Q
indicates a divection perpendicular to the flat surface 808, The thin fan shaped beam
of light 812 18 projected paraliel 1o the flat surface 808, When a user’s finger such as
816 is above the flat surface 808 and is within the detectable area of the optical
sensig system 803 an image of the user's finger 816 18 captured and mterpreted as a
finger presence signal, In some embodiments, when a user's finger 816 intersects
{interacts with} the beam of hight 812 by moving closer to the Hat surface 808 the
unage captured by the optical sensing system 803 is also interpreted as a finger
presence signal and as a data input signal indicating key press or key down has
occurred.

[0074] In some embodiments, a second light source urut 803h emits g thin fan
shaped beam of hight 814 at an elevation above the thin fan shaped beam of light 812
The side view paralle! to the flat surface 808 from 820 is shown again in 830 with the
second thin fan shaped beam of light ilustrated as o dashed line 814, The light source
unit 803b emits the thin fan shaped beam of light 814 in a frequency range such as the
infrared (IR) range (700nm ~ 1,400 nm). The optical sensing system 803 is angled
with a view of the virtual keyboard 806 and continnously senses a user's activities ina
detectable area refative to light received from the second hight source wnit 805b.
[0075] As in 820, the axis 810 illustrated i 830 indicates a direction
perpendicuiar to the Hat surface 808, Note that in 830 the user's finger 816 has moved

gloser to the flat surface 808 and has imercepted the beam of light 814 which is used
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ser presence signal. When a user's finger

o

to detect finger presence and 1o output a fin
passes through 812 and i3 at an elevation between 808 and 812 a key press 1s

registered by the virtual kevboard processing anit.

e

0076} In some embodiments, the light source unit 805a and 805h are
alternatively pulsed as a function of time so that they both are not itluminating the
detectable area at the same tme. Palsing as tanght herein keeps the reflections of the

beam from the user's fingers separate and prevents confusing the results one from the

P

other.
0077} Following the determination of finger presence in the detectable area

the corresponding key location is determined and as well the command or alpha-
numeric data assooated with the key is retrieved from data tables associated with the
virtual keyboard. The finger presence data are processed as described above with the
processes of Figure 4A or Figure 4B and the finger presence associations are

conmumuiicated to a user on for example a data display with a soft kevboard using hot-

keys to correspond to the keys of the virtual keyboard over which a user’s fingers are

located.
[0678] Figure 8B iHlustrates, generally at 840, 3 finger presence overlay

kevboard according to embodiments of the mvention. With reforence to Figure 8B, a
finger presence keyboard overlay 842 15 adapted to it over an existing legacy
keyboard 846. The finger presence overlay kevboard 842 has a set of keys that match
the lavoot of the keys 848 on the keyboard 846. In one embodiment, the finger
presence overlay keyboard 842 is a thin flexible keyboard utilizing membrane
switches at each key location. When a user touches a finger to a key 844 on the

keyboard 842 a finger prosence signal is generated, A wrigger level for the keys of the

b fat s

membrane kevboard 842 1s designed to provide a finger presence signal with an
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application of force which is less than a force level needed to trigger a key of the keys
848 necessary to cause a data mput to be registered from the keyboard 846,

{0079} Figure 8C illustrates a kevboard matrix configured to generate finger
presence signals according to embodiments of the invention. With reference to
Figure 8C, a general representation 8000 of a kevboard matrix 1s shown with a
general mamber of mr rows 8004 and & cohumps 8002, As described above each key
of a keyboard will correspond with a crossing of @ nominally horizontal and a
nominally vertical conductive path within a keyboard matrix as described below, In
ong or more embodiments, the structures described in Figure 8C correspond to the
membrane keyboard deseribed above 1 Figare 8B,

0080} For cach of the # colamns, a vertically onented conductive path s
ereated as tHustrated by 8006, 8008, 8010, and 8012, Sinmtarly, for each of the m
rows, a horizontally oriented conductive path is created as s iHlustrated by 8014,
8016, 8018, and 8020, Conductive paths 8006, 8008, 8010, 8012, 8014, 8016, 801K,
and 8020 can be implemented 1o vartons ways with wires, conductive traces on a
printed circutt board, ete. Typically, a sensor (Switeh) s located at each place where a
horizontal and vertical path cross as wndicated by solid circles, e g, 80224, 80244, and
8026a (the remaining solid circles are not numbered for clarity within the illastration).
A sensor {switch) 1s located at cach sohd circle. When mechamcal switches are used,
typically all switches are in the open state untif a key is pressed. Alternatively, when
capacitive switches {sensors) ave used current flows through the whole keyboard
matrix. When a key is pressed the capacitive switch causes the current flow o
change. The processor senses this change and mterprets it as a key press. In other
erbodiments a resistive switch element 1s used to sense a key press. A trigger fevel

&

for the sensors used in the keyboard mateix 8000 s selected to be less than a trigger

29



WO 2015/191644 1 PCT/US2015/034983

level used i the legacy kevboard that overlay kevboard s used with. This ensures

b

that a finger presence signal is obtamed from the overlay keyboard before a force
level rises to a point necessary to trigger the data input key of the legacy keyboard.
0081} Along the first row of the kevboard miatrix 8000, the fiest three
switches and conductive paths are configured as follows, A switch 8022a is coupled
to a key 8022b of a keyboard and to conductive path 8006 and conductive path 8014,
Stmntlarly, a switch 30244 15 coupled to a key 8024b of the kevboard and to

conductive path R008 and conductive path R014. Similarly, a switch 8026a 1s coupled

io a key 8026b of the keyboard and to conductive path 8010 and conductive path

8014,
{0082} A typreal mode of operation of a kevboard 1s accomplished by a

kevboard processor, also referred to as an encoder supplying a source of clecirical
power to the columns {conductive paths 8086, 880K, 8018, and 8012) and sensing any
power on the rows {conductive paths 8014, 8016, K018, and 8020) resuiting from a
completed cirauit from a depressed key of the kevboard, With mechanical switches
used in the open state (as default for non-depressed keys), the keyboard encoder
typically supphes power by sequencing the power from one conductive path to the
other. The kevboard encoder contingously senses for power on the rows (conductive
paths 8014, 8016, BOLR, and RO20), When a user presses the key, such as for example
SH22b, electrical continuity is made between conductive path 8006 and 8614 and the
pressed key is detected by the kevboard encoder.

[ 083} A kevboard encoder associates the pressed key with a keyboard
character reference chart 8052 to obtam the character or function associated with the
pressed kev, A keyboard character reference chart is iflostrated generally at 8050 in

Figure 8C. A kevboard character reference chart can be implemented as a lookap
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table stored in memory, sach as read only memory {ROM) accessible to the keyboard
encoder. The keyboard character reference chart 8052 has a first colummn 80354
corvesponding to a row index "m" of the keyboard matrix 8000, a second column
8056 corresponding to a column index "a" of the keyboard matrix 8000, the

corresponding function value or data value is shown in colamn 8058 with heading

T A"'\ kad
{084} In one non~-tmiting example, atihizing the well known QWERTY

keyboard, finger presence signals for the first three text keys to the right ot the "Tab”
key {not shown) which are on the first row used for alpha input with a QWERTY
keyboard are shown in column 8058 with column heading "K." By way of example,
when a user presses the key 8022b {sufficient to trigger sensor 8022a), row column
mdices (1, 1) are registerad by the keyboard encoder during scanning of the keyboard
maltrix 8000, Entering the kevboard reference chart 8052 with row, colunm mdices
{1, 1} at row 3060 corresponds with a finger presence vatue of "FPq" as indicated at
5062, Sinlarly, when a key 8024b s pressed by the user (safficient to trigger sensor
R026a), current flows from conductive path 8008 to condactive path 8014 and 15
sensed by the kevboard encoder. Entering the keyboard reference chart 8052 with
row, columa tadices (1, 2) at row 8064 correspond with a finger presence value of
"FPy" as indicated at 8066, Stnularly, when a key 8026b is pressed by the user,
current fows from conductive path 8018 to conductive path 8014 and is sensed by the
keyboard encoder. Entering the keyboard reference chart 8032 with row, column
indices (1, 3) at row 8068 corresponds with a finger presence value of "FPg" as
mdicated at 8070, In this example as before, since the "Shift” key was not pressed
simudtancously the actual data values are lower case alpha characters, "g, w, and "

Siumilar fanctionahity of the keyboard with keys indicated with dashed lines such as
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802K, 8030, etc, are used to enter chart 8032 to retnieve the appropriate finger
presence value,

[0085] The example gbove is directed to the QWERTY kevboard, however
erbodiments of the invention are readily implemented with any kevboard design such
as but not hmted to QWERTY, AZERTY, Dvorak, ABCDE, XPeRT, and a user
defined custom kevboard.

{086} The overlay kevboard 1s typically configored with its own keyboard
controller and is typically controlled as part of an application running on a processor
{keyboard controller) associated with the data processing device that i is being used
with., On a continuous basis, the kevboard encoder communicates the status of the
kevhoard to the processor, sending data over an interface, such as, for example; PS/2,
Universal Serial Bus (USB), wircless interfaces such as Bluetooth, etc. The keyboard
controller conununicates with the keyboard encoder receiving kevboard status and
mmputting data resultmg from key presses as they oceur for detecting finger presence.
The kevboard controlier can be configured as a separate processor or the main central
processing wnit {CPUY of the data processing device can perform this Runction.

{0087} Figure 9A illustrates, generally at 900, a process block diagram
according to embodiments of the invention, With reference to Figure 9A, a process
commences at a block 902, At a block 904 as described in conjunction with the
figures above, a processor runs a finger presence generator that generates finger
presence signals from a keyboard. In various embodiments g keyboard can be a
legacy keyboard or & keyboard configured to provide separate finger presence signals.
In various embodiments, in several non-limiting examples finger presence signals are

derived fronm but not limited to, single level switches (legacy keyboards) multilevel
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switches, multiple switches, interactive swiiches {e.g., from a virtual kevboard
tracking systera), cte.

[0088] At a block 906 a processor runy an association cComponct 1o associate
finger presence signals with key locations of a keyboard. Tn some emabodiments,
where a kevboard matrix i3 used, as deseribed above, a keyboard character reference
chart s accessed using valones stored in memory (which can be implemented via look-
ap tables) to provide the information pertaining to the relevant keys of the keyhoard,
thereby facilitating the associations.

{0089} At a block 908 a processor rans a communication component to
communicate the associations to a user. At a block 910 the process stops.

{0890} Figure 9B lustrates, generally at 930, communicating an association
according to embodiments of the invention. With reference to Figure 9B, the
communication component 908 can include a display cogine that displays
associations between a user's fingers and the keys of the kevboard on a data display at
954, Asused in this description of embodinments, data display can be any data display
configured for use with any data processing device or system. In various
embodiments, a non-limiting list of data displays includes data displays used with a
telephone 938, a desk top computer 960, a laptop computer 962, a tablet computer
964, a wearable computer 966, ete.

{0091} In some embodiments, the communications component 908 mclades
audio communication 956 which takes the form of audible nstructions provided to
the user based on analvsis of the associations,

{0092} Figare 10 tlustrates, generally at 1000, a data display communicating
finger presence associations according to embeodiments of the invention. With

reference to Figure 10, a data display 1002 18 connected to a data processing device.
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In some embodiments, a display engine presents, within g region {window) of the data
display, a graphical representation of the kevboard 1008 ( soft keyboard) with finger
presence associations thercon, e, 1010, 1012, 1014, 1016, and 1018, The finger
presence assoclations are presented in a form that distinguishes them from the other
keys which do not have a finger presence association at that instant of time. In
arious embodiments, a non-limiting hst of forms in which the finger presence
assoctations can be presented, include, but are net linited to: highlighting a key,
displaying a kev m a different color, blinking a color of a key, blinking highlighting
of a key. In general, the finger presence association can be communmicated in any way
that changes a feature assoclated with the appearance of a key {on the soft kevboard)
so that attention 1s called fo that key,
{0093} Commonly, keyboards are used for learning to touch type (blind
tvping), learning a new kevboard layout or for inputting data into an application such
as a word processing application or a spread sheet application, ete. In such cases,
within the data display 1002, a window 1004 runs the application that the user is
inputting data mnto via the keyboard. As the user tvpes on the kevboard, the region
1008 provides continuously updated on screen feedback concerning the user's finger
position on the kevbhoard. This information helps to shorten the blind typing learning
curve. Thus, a user benefiting from embodiments desertbed herein might type the
message "now words are typed correctly” as displayed at 1006 without error or with
less error than if window 1008 were not available.
{0094} Figure 11 tlustrates, generally at 1100, a data processing system in
which embodiments of the Invention may be used. The block diagram Is a high-level
conceptual representation and may be implemented in a variety of ways and by

various architectures. With reference to Figure 11, bus systom 1102 interconnects a
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Central Processing Unit (CPU) 1104, Read Ounly Memory (ROM)Y 1106, Random
Access Memory (RAM) 1HOR, storage 1110, display 1120, audio 1122, kevboard
1124, pointer 1126, data acquisition unit (DAU) 1128, and conumusications 1130,
The bus system 1102 may be for example, one or more of such buses as a system bus,
Peripheral Component Interconnect (PCH, Advanced Graphics Port {AGP), Small
Computer Systom Iuterface (SCS1), Institute of Electrical and Electronics Engineers
{TEEE) standard number 1394 (FireWire), Umiversal Serial Bus (LISB), or a dedicated
bus designed for a custom application, cte. The CPLU 1104 may be a single, nultiple,
or even a distributed computing resource or a digrat signal processing (DSP) ¢hip.
Storage 1110 may be Compact Dise {CD), Digital Versatile Disk (DVD), bard disks
{HD), optical digks, tape, flash, memory sticks, video recorders, ete. The data
processing system 1100 can be used to generate and receive finger presence signals
and to perform finger presence associations in conjunction with the preceding figures.
Note that depending upon the actual implementation of the data processing system,
the data processing system may include some, all, more, or a rearrangement of
components in the block diagram. In some embodiments, aspeots of the svstem 1100
are performed in software. While m some embodiments, aspects of the system 10
are performed in dedicated hardware such as a digital signal processing (DSP) chap,
ete. as well as combinations of dedicated hardware and software as 1s known and
appreciated by those of ordinary skill in the art.

[0095] Thas, i1 varions embodiments, data is received at 1129 for processing
by the data processing svstem 100, Such data can be transmitted at 1132 via
communications interface 1130 for further processing m a remote location.
Connection with a network, such as an intranct or the Internet is obtained via 1132, as

18 recognized by those of skill in the art, which enables the data processing system
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100 to communicate with other data processing devices or systems i remote

locations.
{0096} For example, embodiments of the tnvention can be implemented on a

computer system 1100 contigured as a desktop computer or work station, on for
example a WINDOWS™ compatible computer running operating systeras such as
WINDOWS® 7, WINDOWS™ §, WINDOWS™ 9, WINDOWS™ XP Home or
WINDOWS® XP Professional, Linux, Unix, ete. as well as computers from APPLE
COMPUTER, Inc. running operating systems such as OS5 X, ete. Alternatively, or in
conjunction with such an implementation, embodiments of the ivention can be
configured with devices such as speakers, earphones, video monitors, ete. configured
for use with a Bluetooth communication channel. In yet other snplementations,
embodiments of the mvention are configored to be implemented by mobile devices
such as a smart phone, a tablet computer, a wearable device, such as eye glasses, a
near-to-oye {NTE) headset, or the ike.

{0697} For purposes of discossing and understanding the embodiments of the
mvention, i 18 to be understood that vartous terms are used by those knowledgeable
in the ant to describe techuiques and approaches, Furthermore, in the description, for
purposes of explanation, numerous specific details are set forth in order to provide a
thorough understanding of the present invention, It wall be evident, however, to one
of ordinary skill in the art that the present mvention may be practiced without these
specific details. In some instances, well-known structures and devices are shown
block diagram form, rather than in detail, in order to avoid obscuring the present
mvention. These embodiments are desertbed m suflicient detail to enable those of

ordinary skilt in the art to practice the invention, and it is to be understood that other
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embodiments may be utilized and that logical, mechanical, electnical, and other
changes may be made without departing from the scope of the present invention.
{0098} Some portions of the description may be presented in terms of
algorithms and symbolic representations of operations on, for example, data bits
within a computer memory. These algorithnne deseriptions and representations are
the means used by those of ordinary skill in the data processing arts 1o most
effectively convey the substance of their work to others of ordmary skill 1o the art.
An algorithm 1s bere, and generally, conceived to be a self-consistent sequence of acts
leading to a destred result. The acts are those requiring physical manipulations of
physical guantities, Usnally, though not necessanly, these quantities take the form of
electrical or magnetic signals capable of being stored, transterred, combined,
compared, and otherwise mampulated. It has proven convendent at times, principally
for reasons of common usage, to refer to these signals as bits, valoes, clements,
symbols, characters, terms, numbers, waveforms, data, time series or the like,

{D599] It should be bome in mind, however, that all of these and simifar terms
are to be associated with the appropriate physical guantities and are merely
convement labels apphed to these quantities. Unless specifically stated otherwise as
apparent from the discussion, it is gppreciated that throughout the description,
discussions utilizing terms such as "processing” or "computing” or "caleulating” or

-t!"

“determuning” or "displaying” or the ke, can refer to the action and processes of a
computer system, or similar electronic computing device, that mantpulates and
transforms data represented as physical (electronic) quantities within the computer
system's registers and memories into other data stmilarly represented as physical

guantities within the computer system memories or registers or other such information

storage, transmission, or display devices,
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{61004 An apparatus for performing the operations herein can unplement the
present mvention. This appavatus may be specially constructed for the required
PUIPOSES, OF it may comprise a general-purpose computer, selectively activated or
reconfigured by a computer program stored in the computer. Such a conmputer
program may be stored 1 a computer readable storage medium, such as, but not
limited to, any type of disk including floppy disks, hard disks, optical disks, compact
disk read-only memories (CI-ROMSs), and magnetic-optical disks, read-only
memories {ROMs), random access memories {RAMs), electrically programmable
read-only memories (EPROM)s, electrically crasable progranmumable read-only
memories {EEPROMs), FLASH memories, magnetic or optical cards, ete., or any
type of media switable for storing electronie instructions etther local to the computer
or remote to the computer.

o101} The algonthms and displays presented hereln are not inherently related
to any particular computer or other apparatus.  Vartous general-purpose systems may
be used with programs in accordance with the teachings herein, or it may prove
convenient to construct more specialized apparatus to perform the required method.
For example, any of the methods according to the present invention can be
implemented in hard-wired circuitry, by programming a general-purpose processor, or
by any combination of hardware and software. One of ardinary skill in the art will
immediately appreciate that the invention can be practiced with computer system
configurations other than those deseribed, including hand-held devices,
multiprocessor systems, microprocessor-based or programmable consumer
electronics, digital signal processing (DSP) devices, network PCs, minicomputers,
mamnframe computers, and the like. The invention can also be practiced in distributed

computing environments where tasks are performed by remote processing devices
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that are hinked through a commumications network, In other examples, embodiments
of the invention as described above in Figure 1A through Figare 11 can be
implemented using & system on a chip (SOC), a Bluetooth chip, a digital signal
processing (DSP) chip, a codec with mtegrated civeuits {1Cs) or n other
implomentations of hardware and software.

{Bo102} The methods of the invention may be Implemented using computer
software. I written in a programming language conforming to a recognized standard,
sequences of instructions designed to implement the methods can be compiled for
gxecution on a variety of hardware platforms and for interface to a variety of
operating systems. In addition, the present invention s not described with reference
to any particular programming langnage. It will be appreciated that a vaniety of
programming languages may be used to implement the teachings of the invention as
described herein. Furthermore, it is common in the art to speak of software, i one
form or another {e.g., program, procedure, application, driver,...}, as taking an action
or causing a resudt. Such expressions arve merely a shorthand way of saying that
execution of the software by a computer canses the processor of the computer to
perform an action or produce a result,

{00103} It is to be understood that varicus terms and technigues are used by
those knowledgeable i the art to deseribe comnmnications, protocols, applications,
implementations, mechargsms, ete. One such technique s the description of an
implementation of a technique i terms of an algorithm or mathematical expression.
That is, while the technigue may be, for example, implemented as executing code on a
computer, the expression of that techmique may be more aptly and succinetly
conveved and communicated as a formula, algorithm, mathematical expression, flow

diagram or flow chart. Thas, one of ordinary skill in the art would recognize a block
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denoting A+B=( as an additive fimction whose implementation m havdware andfor
software would take two mputs (A and B) and produce a summmation output {C).
Thus, the use of formula, algorithin, or mathematical oxpression as descriptions is to
be understood as having a physical embodiment 1n at least bardware andfor software
{such as a computer system in which the techniques of the present invention may be
practiced as well as implemented as an embodimaent),
[G0104] Non~-transitory machine~-readable media 1 undersiood to wnclude any
mechanizsm for storing information i a form readable by a machine (e.g., a
compuoter). For example, a machine-readable medium, synonymously referved o as a
computer-readable mediam, includes read only memory {ROM); random access
merory (RAM); magnetic disk storage media; optical storage media; flash memory
devices: except electrical, optical, acoustical or other forms of transmitting
information via propagated signals (¢.g., carner waves, infrared signals, digital
signals, etc.); ete.
[D0105] As used o thig description, "one embodpment” or "an emtbodiment™ or
simnilar phrases means that the feature(s) being deseribed are meluded i at least one
embodiment of the invention. References to "one embodiment” n this description do
not necessarily refer to the same embodiment; however, neither are such embodiments
mutually exclusive. Nor does “one embodiment™ iraply that there is but a single
embodiment of the invention, For example, a feature, structure, act, ete. described in
“one embodiment” may alse be included in other embodiments. Thus, the invention
may include a variety of combinations and/or integrations of the embodiments
described herein.
{00106} While the invention has been described in terms of several

embodiments, those of skill in the art will recognize that the invention is not limited
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to the embodiments described, but can be practiced with modification and alteration
within the sparit and scope of the appended claims. The description i3 thus to be

regarded as illustrative instead of linuting.
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What is clauned is:

1. An apparatus for use with a data processing device, the apparatus comprising:
a fivst sensor associated with g key location on a kevboard, the first sensor to

provide a finger presence signal when a user’s finger 1s over the key location.

b

The apparatus of claim 1, further comprising:
a second sensor assocated with the key location, the second sensor to provide

a data signal when g user's finger triggers the second sensor, wheremn during operation

&= &

the first sensor must be triggered before the second sensor can be triggered.

o> ochen

3. The apparatus of clann 2, whevein at least one of the first <ensor and the

second sensor is a mechanical sensor and the other one 15 8 capacitive sensor,

4. The apparatus of claim 2, wherein at least oue of the Hrst sensor and the

second sensor is a2 mechanical sensor and the other one 1s a resistive sensor.

3. The apparatas of ¢lamm 2, wherein the first sensor 15 capacitive and the second

STHROY 18 capacitive.

6. The apparatus of clanm 2, wheren at least one of the first sensor and the

second sensor is & capacitive sensor and the other one 18 a resistive sensor,

7. The apparatus of claim 2, wherein the first sensor is resistive and the second

SSRSOF 1S resistive.
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8. The apparatos of clamm 2, further comprising:

a processor commumnicatively coupled with the first sensor to receive the finger
presence signal, and the processor communicatively coupled to the second senor to
receive the data signal, upon receipt of the finger presence signal the processor
associates the finger presence signal with the key location to form a finger presence

association.

9. The apparatas of claim 8, wherein the first sensor having a first light source
unit to produce a first thin fan shaped beam of light, and an optical sensing unit to
detect light from the first thin fan shaped beam of light that is scattered from an object
when an object 1t within a detectable range of the of apparatus, the detected hight to
be analyzed by the processor to provide a finger presence signal;

the second sensor having a second light source unit to produce a second thin
fan shaped beam of hght that is scattered from an object when an object is within the
detectable range of the of apparatus, the detected light to be analyzed by the processor
to provide a key press signal corresponding to a data mput from the key, wherein the

first thin fan shaped beam of light 18 above the second thin fan shaped beam of light.

10, The apparatas of claim I, wherein finger presence signal is the data input
signal for the key, the apparatus further comprising;
a processor communicatively coapled with the sensor to recetve the hinger
presence signal;

an association component, to associate the finger presence signal with the key

location to form a finger presence association; and

43



WO 2015/191644 1 PCT/US2015/034983

& communication component, to communicate the finger presence association
to a user, wherein the communication comaponent provides information to a data
display to display the finger presence association on a soft kevboard, the soft

keyboard is displayed in a region of the data display.

TH An apparatus for use with a data processing device, the apparatus comprising:
a sensor associated with a key location on a kevboard, the sensor further
COMPrising:
a first trigger position to provide a finger presence signal when a user's

finger is over the key location and activates the first trigger position.

12, The apparatus of claim 11, the sensor further comprising;

a second trigger position, the second trigger position to provide a data signal
when a aser's finger triggers the second trigger position, wherein during operation the
first trigger position must be activated before the second trigger position can he

activated.

13, The apparatus of claim 11, wherein the keyboard is a vinual kevboard
projected onto a flat surface and the first trigger posttion is at 8 fivst elevation, the

second trigger position is at a sccond elevation and the first elovation is greater than

the second elevation.

14, The apparatus of claim 11, whersin the sensor has a spring operated key and

the first trigger position is activated when the key is depressed by a first amount and
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the second trigger position 1s activated when the key is depressed by a second

amount.

15, The apparatus of claim 11, wherein at least one of the first trigger position and
the second trigger position is a capacitive sensor clement and the other trigger

D

position of the first trigger position and the second trigger position is g mechanical

Pac e

sensor element.

16, The apparatus of claim 11, further comprising:

a processor communicatively coupled with the sensor to recerve a first signal
corresponding to the frst trigger position and a second signal corresponding to the
second trigger position; and

an association component, upon receipt of the first signal the processor

excentes the association component to associate the first signal with a key location wo

form a finger presence association.

17, "The apparatus of ¢laim 16, whereln the association component uhilizes stored

data pertaimng to the keyboard to perform the association.

18, The apparatus of clanm 17, wherein the stored data in a Jookuop table to
establish g keyboard lavoat and the keyboard layvout is selected from the group

consisting of QWERTY, AZERTY, Dvorak, ABCDE, XPeRT. and user defined.

19, The apparatus of claim 17, further comprising:

a communication component, to comnumicate the association to a user.
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20, The apparatus of claim 19, wherein the communication component provides

nformation to a data display to display the association i a region of the data digplay.

21 The apparatus of claim 1§, wherein the communication component provides
information to & text-to-specch processor to provide an audible message refated to the

association,

22, Ap apparatus Tor use with a data processing device, the apparatus comprising:

a finger presence kevboard, the finger presence keyboard is co-located with a
kevboard used with a data processing device; the finger presence keyboard farther
COMPprising;

a finger presence sensor at cach key location of the finger presence
keyboard, the finger presence sensor to provide g finger presence signal when a aser's
finger is over a key location; and

an association component to associate the finger presence signal with the key

location to form a finger presence association,

23, The apparatus of claim 22, further comprising:

a communication component to communicate the finger presence association
to & user, wherein the conununication component provides information to a data
display to display the finger presence association on a soft keyboard, the soft

keyboard is displayed m a region of the data display.

24, A method comprising:
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generating 8 finger presence signal when s user's finger s overa key of a
keybhoard;

receiving the tinger presence signal from the generating: and

associating the finger presence signal with a key of the kevboard to produce an

association of the user's finger and the key.

25 The method of claim 24, further comprising:

communicating the association to the user.

26, The method of clamm 23, whereimn the communicating 1o display the association

on a data display,

27, The method of claim 26, wherein a kevboard icon is displaved in a region of

the data display and the association 1s displayed on the keyvboard icon.

28 The method of claim 23, wherein the communicating is dope with an andible

commucation.

29, A system for execution on a data processing system, the system comprising:

a finger presence genergtor to generate a finger presence signal when a user's
finger is over a kev of a keyboard;

an nterface for receiving the finger presence signal; and

an association component coupled to the interface, to receive the finger
presence signal for associating a finger location with a key of a keyboard to create 4

finger presence association.
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36, The systers of claim 29, further comprising:
a display engine to receive finger prosence assoctation and to display a soft
keyboard on a data display, the soft kevboard containg the finger presence assoctation

as a hot-key on the soft keyboard.

31 A computer readable storage medium storing program code for causing a data
processing device to perform the steps comprising:

generating a finger presence signal when a user's finger s overa key ofa
kevboard;

recetving the finger presence signal from the generating; and

associating the finger presence signal with a key of the keyboard to produce an

association of the user's finger and the key.

L3
frd

The computer readable storage medium of claum 31, further comprising:

displaying the association on a data display.

33, The computer readable storage medium of clanm 32, wherein the association is

displaved on a soft keyboard, the soft keyvboard 1s displayed on the data display.
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