wo 20187236334 A1 | 0E 0000 RO 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
27 December 2018 (27.12.2018)

(10) International Publication Number

WO 2018/236334 Al

WIPO I PCT

(51) International Patent Classification:

GO6F 3/02 (2006.01) HOIH 13/70(2006.01)
(21) International Application Number:
PCT/US2017/038081
(22) International Filing Date:
19 June 2017 (19.06.2017)
(25) Filing Language: English
(26) Publication Language: English

(71) Applicant: HEWLETT-PACKARD DEVELOPMENT
COMPANY, L.P. [US/US]; 11445 Compaq Center Drive
W, Houston, Texas 77070 (US).

(72) Imventor: YEN, ShihFeng; 10F, No.66, Jing Mao 2 Rd.,
NanGang District, Taipei City, 11568 (TW).

(74) Agent: MAISAMI, Ceyda Azakli; 3390 E Harmony Road,
Fort Collins, Colorado 80528 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO,CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to the identity of the inventor (Rule 4.17(i))

— as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

Published:
—  with international search report (Art. 21(3))

(54) Title: RECOGNITION OF SIMULTANEOUS KEY PRESSES IN KEYBOARDS

122 ,— 128 f 130
120 124 L 128
102
118 i 118
[ I
{ 7[ Kevaoasn 400 )

(57) Abstract: The present subject matter relates to recognition
of simultaneous key presses in a keyboard. The keyboard includes
a first group of keys, which includes keys that are to be individ-
ually recognized when pressed simultaneously with at least one
other key of the first group. Keys of a first sub-group of the first
group are connected to key switches that are to be connected to
general purpose input/output (GPIO) pins. Keys of a second sub-
group of the first group are connected to key switches on at least
one of mutually different columns and mutually difterent rows of
a matrix of electrical interconnections. The second sub-group in-
cludes at least one key that is not a modifier key.
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RECOGNITION OF SIMULTANECUS KEY PRESSES IN KEYBDARDS

BACKGROUND
0001 A kevboard includes a plurality of keys, each of which can be pressed
for providing an input © a computing sysiem connected o the keyboard.
Sometimes, mulliple keys on the keyboard are t© be pressed simultaneously for
providing an input to the computing system. For example, in some gaming
applications, operating syslem commands, or short-cut key combinations,
multiple keys on the kevboard are 1o be pressed together for perfarming an action.
The multiple keys that are pressed fogether are to bé recognized individually for

the appropriate action to be performed.

BrieF DESCRIFTION OF DRAWINGS
{0002} The following detailed description references the figures, wherein:

fona3] Fig. 1 iHustrates a kevboard, according to an example

implementation of the present subject matter.

{0004] Fig. 2 illustrates a computing device connected to a keyboard,

according o an example implementation of the present subject matter.

{0005] Fig. 3 tllustrates connections of various keys of a keybhoard to key
switches of a keyboard matrix and key switches connected to a confrolier,

according o an example implementation of the present subject matler.

{0006} Fig. 4 lustrates a method for providing electrical connsctions o
keys of a keyboard, according o an example implementation of the present

subject matter.

{0007} Fig. 5 ilusirales a method for providing a mapping for keys of a
kevboard with key switches on a keyboard matrix, according o an example

implementation of the present subject matter.

DeTAILED DESCRIPTION
{0008] A keyhoard includes a plurality of keys, electrical interconnections
arranged in rows and columns, and key swilches af at least some of the
intersaections of the rows and columns. Each key of the keyboard is connected to
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a key switch. When a key is pressed, its corresponding key swilch is actuated,
resulting in an electrical connection between the row and column corresponding
to the key switch. This electrical connection results in the output of an slectrical
signal, which enables the recognition of the actualed key switch, and
consequently, the pressed key.

{0009} In some instances, multiple keys on the keyboard are to be pressed
simultaneously for providing an inpul. For example, in a gaming application, three
keys may have to be pressed at the same time for moving diagonally and dodging
at the same time.

{0010} In some cases, when mulliple keys are pressed simullaneously.
some keys that are not pressed may be falsely recognized as pressed. For
example, an electrical signal applied on a first column may travel to ancther
column through keys pressed in the two columns., The electrical signal is
fransmitted through the pressed Keys in the two columnsg 1o a row in which no key
is pressed. This results in the non-pressed key being recognized as pressed.
[0011] To prevent false recognition of the pressed keys, in some keyboards,
soime key presses are not recognized when multiple keys are pressed
simultanecusly. This causes some of the actual key presses to go unrecognized.
For example, when the keys 'Q and ‘W are pressed, the pressing of ‘A", 'S, 2,
or ‘X' ig not recognized. The phenomenon of false recognition of un-pressed as
being pressed and some of the pressed keys being unrecognized o prevent the
false recognition is referred to as “ghosting” of keys.

10012} The present subject matter relates (o recognizing simultansous key
presses on keyboards. With the implementations of the present subject mafter,
several keys aof keyboards become “ghosi-free”.

{0013] In accordance with an example implementation of the present subject
matter, a keyboard includes keys and a matrix of electrical interconnections
having rows and columng. Key switches are arranged at intersections of the rows
and columns. The key swilches help in recognition of key presses. The keys in
the keyboard include g first group of keys, where each key of the first group is lo
be individually recognized when pressed simultansously with at least one other
key of the first group.
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100141 The first group includes a first sub-group and a second sub-group of
keys. The second sub-group includes at least one key that is hot a modifier key,
which is a key that modifies the action of ancther key when the keys are pressed
at the same time. Each key of the second sub-group is connected to a key switch
ort the matrix, while each key of the first sub-group is connected {o a key switch
that is to be connected o a general purpose inputfoutput (GPIO) pin of a
controfler. The keys of the second sub-group are connected to key swifches on
mutually different columns of the matrix. Alternalively, or in addition, the keys of
the second sub-group are connecled fo key switches on mutually different rows
of the matrix. Here, connecting keys {0 key switches in mutually different
columnsirows refers to connecting the keys such that no two keys are connected
to key switches on the same columnirow,

{0015} in accordance with an example implementation of the present subject
matter, a computing device includes a controlier having a plurality of GPIO pins.
The computing device also includes a Keyhoard. The keyboard, in furn, includes
a keyboard matrix having key swilches arranged in rows and columns, a first set
of keys, and a second set of keys. Each key of the first set is connected to a key
switch that is connecled o a GPIO pin of the controller, while each key of the
second set is connected o a key swilch of the keyboard matrix. The second set
includes a subset of keys. Each key of the subset is connected to key switches
on mutually different columns of the keyboard matrix.

{00181 in accordance with a further implemeantation of the present subject
matier, a method for providing electrical connections to keys of a keyboard to
make selecied keys anti-ghosiing is described. The method includes connecting
keys of a first set of keys {o swilches to be connected to GPIO ping of a controller
and connecting keys of a second set of keys {o swilches of a kevhoard matrix.
The connection of the secand set of keys includes connecting a subset of keys of
the second set fo swilches on at least one of mutually different columns and
mutually different rows of the keyboard matrix.

{0017} The present subject matler enables making several keys of a
keyboard individually recognizable even when they are pressed simultaneocusly.
For instance, the keys that are connected to the GPIO pins are recognizable when
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pressed along with any number of other keys of the keyboard. Further, the keys
that are arranged in the mutually different columns/rows are recognizable when
pressed along with sach other or with any key connected to the GPRIO pins.
Therefore, by connecting some keys to GPIO pins and rearranging connections
of some other keys, several keys are made ghost-free without adding any new
equipment, such as diodes, 8 membrane having different impedances for different
keys, and the like, to the keyboard.

{0018] The following description refers to the accompanying drawings.
Wherever possible, the same reference numbers are used in the drawings and
the following description to refer (o the same or similar parts. While seversl
examples are described in the description, modifications, adaptations, and other
implementations are possible. Accordingly, the following detailed description
does not limit the disclosed examples. Instead, the proper scope of the disclosed
examples may be defined by the appended claims.

[0019] Example implementations of the present subject matter are described
with regard to computer keyboards. Although not described, it will be undersiood
that the implementations of the present subject matier can be used with other
types of keyboards as well.

{0020] Fig. 1 illustrates a keyboard 100, according to an example
implementation of the present subject matier.

[0021] The keyboard 100 includes a plurality of keys from which one or
more keys can be pressed for providing an input to a computing device that
includes the kevhoard 100. A computing device that includes the keyboard 100
may refer 1o a computing device that physically includes the keyboard within ilself
{for exampile, a laplop computer) or a computing device that does not physically
include the keyboard, but is connected to an exiernal keyboard (for example, a
desktop computer),

{0022} The plurality of keys includes a first group of keys 102. The first
group of keys 102 may be interchangeably referrad to as the first group 102, Each
key of the first group 102 is to be individually recoghized when pressed
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simuitaneously with at least one other key of the first group 102. In an example,

the first group 102 includes frequently used keys of the keyboard 100.

[0023] A key being individually recognizable means that a press of the key
is recognizable even when # is pressed at the same time as anocther key and that
no un-pressed key is wrongly recognized as being pressed at that ime. For
instance, when a key 104 of the first group 102 is pressed at the same time as
any other keys, say 106, 108, 110, 112, or 114, the press of the key 104 and that
of the other keys is {o be recognized individually and an un-pressed key is notio
be falsely recognized as being pressed. The first group 102 includes a first sub-
group of keys {first sub-group) 116 and a second sub-group of keys {second sub-
group) 118. The second sub-group 118 includes at least one key that is not a
modifier key, which is a key that madifies the action of another key when the keys
are pressed at the same time. The modifier keys are explained in greater delail

with reference to Fig. 2.

{0024] For recognition of the pressing of the keys of the first sub-group 1185,
gach key of the first sub-group 116 is connected {o a key switch that is to be
connected to a general purpose inputioutput (GPIO) pin. For instance, the key
104 is connected fo a key switch 120, which is {0 be connecled to a GPIQ pin
122. Similarly, the keys 106 and 108 are connected {o key switches 124 and 126,
respectively, which are {o be connected to GPIO pins 128 and 130, respectively.
Although not shown inFig. 1, the key switches 120, 124, ..., 126 may be included
in the keyboard 100. The GPIO pins 122, 128, ..., 130 may be included in a
controfler {(not shown in Fig. 1) having a plurality of GPIO pins.

[0025] For recognition of the pressing of the keys of the second sub-group
118, each key of the second sub-group is connected 1o key swilches on a matrix
132 of electrical interconnections. The matrix 132 of electrical interconnections
includes electrical interconnections arranged in rows and columns, The matrix
132 includes key switches at intersections of the rows and columns of electrical
interconnections. For example, the matrix 132 includes a key switch 134 at the
intersection of the first row and first column, key swifch 136 at the intersection of

the first row and second column, and so on.
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100261 Each key of the second sub~group 118 can be connected {o key
switches in mutually different columns. Here, connectling keys o key switches in
mistually different columns refers o connecting the keys such that no two keys
are connected o key switches on the same column. For instance, as illustrated
it Fig. 1, keys 110, 112, and 114, which are part of the second sub-group 118,
are connected to key switches 134, 138, and 140, which are in mutually different
columns.

{27} Instead of, or in addition to, connecting the keys of the second sub-
group 118 to key switches in mutually different columns, the keys of the second
sub-group 118 can be connecled to key switches in different rows of the matrix
132.

{00283 In an example, the keyboard 100 is 8 membrane type keyboard, in
another exampls, the keyboard 100 is & mechanical type keyboard. in addition to
the first group 102 of keys, the keyboard 100 can include a second group keys
{rnot shown in Fig. 1} as well. Each key of the second group can be connecled to
a key switch on the matrix 132. Further, the keyboard 100 can be connecledio a
computing system. These and the other features of the present subject matter will
be explained in the subsequent paragraphs.

on2a] ftis to be undersiood that the key arrangement of the keyboard 100,
Hustrated in Fig. 1, is merely for the purposes of iflustration, and any other
arrangement of keys is possible and covered by the present subject matter.

10030 Fig. 2 Hlustrates a computing device 200, according to an example
implementation of the present subject matler. Examples of the computing device
200 includes, but are not restricted to, laptop computer and a deskiop computer.

[0031] The computing device 200 includes a keyboard 202 through which
a user can provide inputs {o the computing device 200 in the form of keystrokes.
The keyboard 202 may be similar to the keyboard 100.

[0032] The computing device 200 also includes a controller 204 that
includes g plurality of GPIO pins, such as GPIO pins 208-1, 206-2, ..., 208-n.
GPIO pins are generic pins, having no predefined purpose, whose behavior can
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be controfled by users. The controller 204 may perform various funclions with
regard to the computing device 200. In an example, the controller 204 is an
smbedded controfler (EC), which handles vanous tasks that the operating system
does not handle, such as receiving and processing signals from the keyboard 202
and turming the computing device 200 on and off. in another example, the
controller 204 is a keyboard controller, which interfaces between the keyboard
202 and the computing device 200. In a further example, the controller 204 is any
other microchip.

{0033] The kevboard 202 includes a first setl of keys 208, a second set of
keys 210, and a keyboard matrix 212. The keyboard matrix 212 includes a
plurality of key swilches arranged in rows and columns. For instance, the
keyboard matrix 212 includes key switches 214-11, 214-12, ..., 214-1n, 214-21,
s 214-2n, L 214-mn arranged in m rows and n columns. Although a key swifch
is shown {o be present at each intersection of row and column, in an
implementation, key swifches may not be present in all the intersections.

{0034] Each key of the first set 208 is connected to a key switch that is
connected to a GPIO pin of the controller 204, For instance, keys 216-1, 216-2,
..., 218-n of the first set 208 are connected to key switches 218-1, 218-2, .., 218-
n, respectively, which, in turn, are connected to GPIQ pins 2061, 208-2, ..., 206~
n, respectively. Therefore, when any key of the first set 208 is pressed, s
corresponding key switch, connected 1o a GRIO pin, is actuated, resulting in the
outpist of an electrical signal from the GPIO pin. This enables recognition of the
pressed key in the first set 208. The key swilches 218-1, 218-2, ..., 218-ncan be
included in the kevboard 202.

[0035] Further, each key of the secand set 210 is connected o a key swilch
of the keyboard matrix 212, Therefore, when a key of the second set 210 is
pressed, its corresponding key swilch is actuated, establishing an electrical
connection between the row and column corresponding 1o the key switch. This
results in the output of an eleclrical signal, enabling recognition of the pressed
key in the second set 210.
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100363 The second set 210 includes a subset of keys 220, also referred fo
as a subsel 220. Each key of the subset 220 is t© be individually recognized when
pressed simultaneously with al least one other key of the subset 220, The subset
220 includes at least one key that is not a modifier key. A modifier key modifies
the action of another key when the keys are pressed at the same time. Examples
of the modifier key include, but are not restricted to, ‘Shift’ key, ‘Cirl’ key, ‘Al key,
and <Windows> key. Such keys are defined by operating systems and are used
in hotkey combinations, such as "Al+F4" and ‘ChivC

{00377 The connection of the keys of the second set 210 to the key
switches of the keyboard matrix 212 is such that the keys of the subset 220 are
connected o key switches in mutually different columns of the keyboard matrix
212. For instance, keys 222-1, 222-2, ..., 222-n of the subset 220 are connected
to key switches 214-11, 214-12, ..., 214-1n, respectively. which are key switches
on mutually different columns. The other keys of the second set 210 may be
connected to remaining key switches of the keyboard matiix 212 in any fashion.
For exampile, as illustraled, key 224-1 may be connected 1o the key swilch 214~

21 and key 224-n may be connected to the key switch 214-2n.

[0038] Although the keys of the subset 220 are shown to be connected to
key switches on the first row of the keyboard malrix 212, it is {o be understoad
that the keys of the subset 220 can be connecled o key swilches on any of the

FOWS,

{0038] Since the keys of the first set 208 are not connected {o key switches
of the keyboard matrix 212, the recognition of these keys i3 not affected by the
pressing of any key of the second set 210. Further, since each key of the first set
208 is connected 1o key swilches connecied to mulually different GPIO pins, the
pressing of mutltiple keys of the first set 208 at the same time can be individually
recognized. Therefore, the keys of the first set 208 become globally “ghost-free”,
i.e,, recognizable when pressed at the same time as any other keys of the
keyboard 202.

{0040} Further, since the keys of the subset 220 are connected o key

switches in mutually different columns, they can be individually recognized even
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when they are pressed simultaneously with each other. They can also be
individually recognized when they are pressed at the same time as any key of the
first set 208, Therefore, any key of the subset 220 is “ghost-free” relative to all the
keys of the first set 208 and the other keys of the subset 220. In an
implementation, the number of keys in the subset 220 is equal to the number of
columing available in the keyboard matrix 212, This enables increasing the
number of “ghost-free” keys of the keyboard 202.

{41} Fram the above, it can be seen that, by connecling some keys
outside the keyboard malrix 212 and connecting some other keys to key switches
of different columns, several keys of the kevboard 202 are made ghost-fres.
Further, if the controlier 204 is an EC or a kevboard controlier, which are usually
present in most computing devices and already include several GPIO pins, the
present subject matter enables using the exisling components of the computing
devices 0 make keyboards ghost-free. Therefore, the fechniques of the present
subject matter make the keys of a keyboard ghost-free in an efficient and

economical manner.

10042} Although the keys of the subsel 220 are explained as being
connected to mutually different columns, in an implementation, the keys of the
subset 220 may be commected to mutually different rows of the kevboard 202
Such a connection of the keys of the subsel 220 also ensure that these keys can
be individually recognized when pressed along with any other key of the subset
220 or with any key of the first set 208.

[0043] it may be understood that the first sub-group of keys 116
corresponds fo the first set of keys 208, the second sub-group of keys 118
corresponds o the subset of keys 220, and the second group of keys correspands
to second set of keys 210.

{0044} Fig. 3 lustrates connsctions of varous keys of the kevboard 202 {o
key switches of the keyboard matrix 212 and key swilches connected {o the
controfler 204, according o an sxample implementation of the presant subject

matter.
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100451 The keys of the keyboard are disposed on a keypad 302 and are
connected o the key swilches on the keyboard matrix 212 or the controlier 204,
The keyboard matnix 212 may be disposed beneath the keypad 302, In an
implementation, the keyboard matrix 212 includes key switches arranged on eight

rows and eighteen columns, as illustrated.

{0048} Each key of the kevboard 202 has a key code associated with it
For example, the key code associsted with the key Q' is 17 and the key 1718 2.
The key swilch correspanding {o each key on the keypad 302 is denoted by the
key code of the key. For example, the key swilch on the last row and the first
column of the kevboard malrix 212 is denoted as ‘2’ 1o indicate that if corresponds
to the key ‘1", having the key code 2. Similarly, the left-most key switch in the
controller 204 is denoted as "17 {o indicate that & corresponds fo the key Q)
having the key code 17,

{0047} The keyboard 202 can also include one or more programmable
keys P1-P6, which can be programmed for various purposss, such as for
replacing ancther key, saving & macre, saving a shortcut for faunching a program,
saving a phrase of sentence, and the like.

[0048] It is {0 be undersiood that the present subject matter is not limited
to the arrangement of keys and comnnections of keys {o key switches itlustrated in
Fig. 3. Such an illustration is for the purposes of explanation alone, and any other

manner of arrangement and connections of keys may be possible.

100481 As explained sarlier, keys of the first set of keys 208 are connscted
1o key switches connected to GPIO pins of the controlier 204, In an example, the
keys of the first set 208 includes eight keys, which are 'Q', 'W', 'E’, 'R, A", 'S, D,
and 'F’. Therefore, these kevs are connected {0 key switches connscled {o GPIO
pins 208-1, 208-2, ..., 208-8. These key switches are denoted as 17", "18’, 19,
200,737, 32, 38, and ‘347, indicating the Key codes of their corresponding keys.
Thase key swilches correspond fo the Key swilches 218-1, 218-2, ..., 218-n.
These key swiiches may be included in the keyboard 202.

[C050] Although the controller 204 is shown to include eight GPIO pins, #
is to be understood that the controtier 204 may include any number of GPIO pins.
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Further, it is to be understood that not all of the GPIO pins of the controlier 204
may be used for connecting keys of the keyboard. In an example, the controller
204 includes 144 GPIO pins, and eight of them are connecled o key swilches
cormected to keys of the keyboard. In addition to the eight GPIO pins used for
key recognition, an additional GPIO pin 208-9 may be used for providing a driving
electrical signal for recognition of the pressing of the keys of the first set 208,
When a key, say ‘Q, of the first set 208 is pressed, its corresponding key swilch,
denoted as ‘17, is actuated, resulting in the flow of an electrical signal fram the
GPIO pin 206-9 to the GPIO pin 206-1. The flow of the electrical signal on the
GPIO pin 206-1 resulfs in recognition of the pressing of the key ‘Q". It will be
understood that when n number of keys are included in the first set 208, n+1
number of GPIO pins are used for recognition of the key presses.

{00561] As explgined sarker, keys of the subset of keys 220 can be
connected o key swilches in mutually different columns of the keyboard matrix
212. Here, the keys of the subset 220 includes eighieen keys, sach key
corresponding to one column of the keyboard matrix 212, In an example, the keys
of the subset 220 are V', "2, '3, 4, & G, 2, T, V, ‘Cul’, ‘Alt, ‘Shift,
<Windows>, <Left Arrow>, <Right Arrow>, <Up Arrow>, <Down Arrow>, and
<Space> keys. Therefore, these keys are connected to key swilches connected
to mutually different columns. For example, the key ‘2’ is connected {o the key
switch on the last row and the sixth column of the keyboard matrix 212, denoted
by '3, the key code for key "2'. As can be seen, no other key of the subset 220 is
connected {o a key switch on the sixth column.

{0052] The connection of eight keys 1o key switches connecied o GPIO
pins and connection of sighteen other keys 1o key switches in eighteen mutually
different columns enables making twenty-six keys ghost-free. Overall, it is to be
understood that connecting X number of keys to GPIO pins and Y number of keys
to mutually different columns makes X+Y keys ghost-free (X global ghost-free
keys and each of the Y keys ghost-free relalive to the other X+Y-1 kays).

{00563} In an implementation, the keys included in the first set 208 and

sgcond set 210 are selected based on the frequency of usage of the keys of the
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keyboard 202. For extample, the most frequently used X keys of the keyhoard 202
may be selecled as part of the first set 208. Further, the second set 210 may
inciude the next Y most frequently used keys. In another example, the second sst
210 may include the Y keys that are most frequently used in combination with the
X keys that are part of the first set 208, Stil further, in an implementation, the keys
may be included in the first set 208 or the second set 210 based on the frequency
of their use in some applications. For example, the keys may be chosen as part
of the first set 208 or the second set 210 based on their use in gaming
applications. 1t is to be understood that any criterion can be used fo choose the
keys that form part of the first set 208 or the second set 210,

[0054] In an implementation, the keyboard malrix 212 can be connected to
a recognizer 304 for recognition of the pressed key. The recognizer 304 can be,
for example, a keyboard controller. In an implementation, the recognizer 304 is
same as the controller 204. In another implementation, the recognizer 304 is
separate from the controlier 204,

[0055] For output of an electrical signal when a key connected fo the
keyboard matrix 212 is pressed, in an implementation, an electrical signal, such
as a voltage signal may be provided to columns of the keyboard matrix 212, The
electrical signal may be received by a row of the keyboard matrix 212 when a key
awitch in that row Is actuated. For example, when the <space> key {key code 61}
is pressed, the key switch corresponding to & in the last row and last column of
the keyboard matrix 212 is actuated. This can result in the flow of slectrical signal
from the last column to the last row, enabling recognition of the pressing of the
<gpace> key. it is {6 be understood that such a technigue of recognition of key
connected 1o the kevboard malrix 212 is an example alone, and any other
technique for recognition of the pressed key can be used.

{0058] Fig. 4 illustrates a method 400 for providing electrical connections
to keys of a keyboard, according to an example implementation of the present
subject matter.
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{00571 The order in which the method 400 is described is not intended to
be construed as a imitation, and any number of the described method blocks may

be combinad in any order {o implement the method 400, or an alternative method.

[0058] Al black 402, keys of a first set of keys are connected o swilches
that are to be connected to GPIO pins of a coniroller. Any known technique for
connection of Keys to switches may be used for the connection. The first set of
keys may be, for example, the first sub-group of keys 1186 or the first set of keys
208, The switches may be, for example, the key switches 120, 124, 126, 218-1,
218-2, ..., 218-n. The controller may be, for example, the controller 204, The
GPFIO pins may be, for example, the GPIO pins 122, 128, 130, 208-1, 206-2, ...,
206-n. The method 400 can include connecting the swilches that are to be
commected o the GPIO pins o the GPIO pins.

100591 At block 404, keys of a second set of keys are connecled fo
switches of a keyboard malrix. The keyboard matrix includes a plurality of
switches arranged in rows and columns. The second set of keys may be, for
axample, the second set of keys 210 or the second group of keys. The keyboard
matrix can be, for example, the matrix 132 or the keyboard matrix 212. The
switchas of the keyboard matrix can be, for example, the key switches 134, 138,
138, 140, ..., or 21411, 214412, |, 214-mn.

{00601 The second set of keys includes a subset of keys. A simullanecus
pressing of af least two keys of the subset of keys is {0 be individually recognized.
The subsel of keys can be, for example, the second sub-group of keys 118 or the
subset 220, The subset of keys includes at least one Key that is not a modifier
kay, such as the ‘'Ctf key, ‘Alt’ key, and <Windows> key.

[0081] The connection of the keys of the second set includes connecting
keys of the subset to switches on mutually different rows and/or mutually different
columns of the keyboard matrix.

{0062} In an implementation, the method 400 can include connecting the

keyboard matrix to a recognizer, such as the recognizer 304, for recognition of
the pressed keys.
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100631 I an implementation, the keys of the first set and the subsst are
keys that are frequently used in gaming applications. Further, the modifier key
may be an operating system-defined key for use in hotkey combinations.

[0064] Fig. b Hlustrates a method 500 for providing a mapping for keys of
the keyboard with key switches on the kevboard matrix or the controller, in
accordance with an implementation of the present subject matter.

{0065] The order in which the method 500 is described is not infended to
bie construed as a imitation, and any number of the described method blocks may
be combined in any order to implement the method 500, or an alternative method.
Furthermore, the method 500 may be implemented by processor(s} or computing
device(s) through any suitable hardware, non-transiiory maching readable

instructions, or a combination thereof.

{00686] it may be understood that steps of the method 500 may be
performed by programmed computing devices and may be exscuted based on
instructions stored in a nondransitory computer readable medium. The non-
transitory computer readable medium may include, for example, digital memories,
magnetic storage media, such as oneg or more magnetic disks and magnetic
tapes, hard drives, or oplically readable digital data storage media,

[0067] Referring to method 500, af block 502, a plurality of frequently used
keys is selected as the first set of keys. The plurality of frequently used keys may
be, for example, the most frequently used keys in a gaming application.

{0068] Al block 504, a plurality of keys of the second set of keys that are
frequently used in combination with the first set of keys is selected as the subsel
of kKeys. The number of the keys of the second set that are selected as the subsest
of keys may be determined based on the number of columns in the kevboard
matrix if the keys of the subset are {0 be connected {0 mutually different columns.
H the keys of the subset are fo be commected to mulually different rows, the
number of keys of the second set that are selecled as the subset of keys may be

determined based on the number of rows in the keyboard matrix.
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100681 Al block 508, a mapping is determined between the keys of the
second set and the switches of the keyboard matrix. The mapping may be
determined such that the keys of the subset are connected o the swilches on at
least one of mulually different columns and mutually different rows. In an
example, such a mapping may be established by first mapping the keys of the
subset to mutually different rows and/or mutually different columns and mapping
the remaining keys of the second set to the remaining key swilches.

10070} The present subject matter provides an efficient technigue for
providing ghost-free keys in 3 keyboard. Since a subsel of the keys of the
keyboard alone are connected to GPIO pins, the present subject malier utilizes a
minimal number of GPIO pins to achieve ghost-free keys. Further, since the
remaining keys of the keyboard are connscted such that the keys that are to be
ghost-free are connected to key switches in different columnsirows, the present
subject matier maximizes the number of keys that can be made ghost free. For
instance, using eight GPIO pins, twenty-six keys can be made ghost-free, as
explained above. Still further, when the keys of the first set are connected to GPIO
pins in a coniroller ke EC or keyboard controlier, which are present in most
computars, the use of a separale microchip for providing ghost-free keys is
eliminated. The techniques of the present subject matier can be used in any type
of keyboard, such as membrane type keyboard and mechanical type keyboard.
{0071} Although implementations of the providing anti-ghosting keys on
keyboards have been described in language specific to structural features andfor
methods, it is to be understood that the present subject matter is not necessarily
imited to the specific features or methods desoribed. Rather, the specific features
and methods are disclosed and explained as example implementations.
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We clain:

1. A keyboard comprising:
a matrix of slecirical interconnsctions having rows and columns;
key switches arranged al intersections of the rows and columns;
and
a first group of keys, each key of the first group of keys {o be
individually recognized when pressed simulfaneously with at least one
other key of the first group of keys, the first group of keys comprising a first
sub-group of keys and a second sub-group of keys, wherein
each key of the first sub-group of keys is connected 10 a key
switch that is to be connected to a general purpose input/output
{GPIO) pin of a controller having a plurality of GPIO pins,
the second sub-group of keys comprises at least one key that
is not a modifier key, and
kays of the second sub-group of keys are connected {o key
switches on atl least one of: mutually different columns and mutually
different rows of the matrix.

2. The keyboard of claim 1, wherein the first sub-group of keys compnses
frequently used keys and the second sub-group of keys comprises keys that are

frequently used in combination with keys of the first set of keys.

3. The keyboard of claim 1, wherein the modifier key is an operating system-
defined key for use in hotkey combinations.

4. The kevboard of claim 1, wherein the keyboard is one of a membrane {ype
keyboard and a mechanicatl type keyboard.

& The keyboard of claim 1, comprising a second group of keys, sach key of
the second group of keys connected {o key swilches of the keyhoard matrix.
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6. A computing device comprising:
a controller comprising general purpose inputioutput {GPIO) pins;
and
a keyboard comprising:
a keyboard matrix comprising key switches arranged inrows
and columns; and
a first set of kays, each key of the first set of keys connected
{0 a key switch connecled to a GPIO pin of the controfler; and
a second set of keys, each key of the second set of keys
connected to a key switch of the keyboard matrix. the second set of
keys comprising a subset of keys, wherein
the subset of keys comptises at least one key that is
a not a modifier key,
sach key of the subset of keys is to be individually
recognized when pressed simullanecusly with at least one
other key of the subset of keys, and
keys of the subsst of keys are connected fo key
switches on mutually different columns of the keyboard

malrbe

7. The caomputing device of claim 6, whearein the controfler is an embedded
controfler,

8. The computing device of claim 8, wherein the keyboard matrix comprises
key switches arranged in eight rows and eighteen columns.

9, The computing device of claim 8, wherein the first set of keys comprises
QWL R, R CALS DY, and 'F keys.

10.  The computing device of claim §, wherein the subset of keys comprises
U, 48, G, L OV, CHT, CAIY, Shift, <Windows>, <Left Arrow>,
<Right Arrow=>, <Up Arrow>, <Down Arrow>, and <Space> Keys.
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11. The computing device of claim 8, comprising a recognizer, wherein the

recognizer is connected to the keyboard matrix for recognition of a pressed key.

12. A method for providing electrical connections to keys of a keyboard, the
method comprising:
connecting keys of a first set of keys to switches that are to be
connacted {o general purpose inputioutput (GPIO)} pins of a controller; and
connecting keys of a second set of keys to switches of a kevboard
matrix, the keyboard malrix comprising a plurality of swilches arranged in
rows and columns, wherein
the second set of keys comprises a subset of keys, a
simultaneous pressing of al least two keys of which are o be
individually recognized,
the subset of keys comprises at least one key thatisnot a
maodifier key, and
connecting keys of the second set of keys comprises
connecting keys of the subset of keys o swilches on at least one
of: mutually different columns and mutually different rows.

13.  The method of claim 12, comprises connecting the keyboard matrix to a
recoghizer for recognizing pressed keys.

14.  The method of claim 12, wherein keys of the first set of keys and the subsst
of kays are keys that are frequently used in gaming applications, and wherein the
modifier key is an operating system-defined key for use in hotkey combinations.

15, The method of claim 12, comprising:
selecting a plurality of frequently used keys as the first set of keys;
selecting a plurality of keys of the second set of keys thatl are
frequently used in combination with the keys of the first set of keys as the
subset of keys; and
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determining a mapping between the keys of the second set of keys
and the swilches of the keyboard matrix such that the keys of the subsst
of keys are connected to the swilches on al least one of mutually different
colurrns and mutually different rows.
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[—‘ 400

CONNECTING KEYS OF A FIRST SET OF KEYS TO
SYWITCHES THAT ARE TO BE CONNECTED TO GENERAL
PURPOSE INPUT/OUTPUT (GPIO) PING OF A
CONTROLLER 402

~
CONNECTING KEYS OF A SECOND SET OF KEYS TO

SWITCHES OF A KEYBOARD MATRIX, THE KEYBOARD
‘ MATRIX COMPRISING A PLURALITY OF SWITCHES
ARRANGED IN ROWS AND COLUMNS, CONNECTING THE
: KEYS OF THE SECOND SET OF KEYS COMPRISING
CONNECTING KEYS OF A SUBSET OF KEYS TO AT LEAST
| ONE OF MUTUALLY DIFFERENT COLUMNS AND
MUTUALLY ESFFERENT ROWS 404

Fig. 4
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{-— 500

SELECTING A PLURALITY OF FREQUENTLY USED KEYS
AS FIRST SET OF KEYS B2

SELECTING A PLURALITY OF KEYS OF SECOND SET OF
KEYS THAT ARE FREQUENTLY USED IN COMBINATION
WITH THE KEYS OF THE FIRST SET OF KEYS AS A
SUBSET OF KEYS 504

r ~
DETERMINING A MAFPING OF THE KEYS OF THE SECOND
| SET OF KEYS WITH SWITCHES OF KEYBOARD MATRIX
SUCH THAT THE KEYS OF THE SUBSET OF KEYS ARE
CONNECTED TO THE SBWITCHES ON AT LEAST ONE OF!
MUTUALLY DIFFERENT COLUMNS AND MUTUALLY
DIFFERENT ROWS 508

Fig. 5
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