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SMART TERMINAL HAVING THE APPARATUS

(57) The present invention provides an operation
recognition apparatus and method, and a smart terminal
having the device. The operation recognition apparatus
comprises an operation receiving unit, a scanning array
composed of at least one driving channel and at least
one sampling channel, and at least one signal reading
unit; the driving channels and the sampling channels in-
tersect to form at least one electrical node, and the signal
reading units are connected with all the sampling chan-
nels and configured to acquire electric signals on all the
sampling channels; the signal sources are connected
with the respective driving channels and send electric
signals to all the driving channels at the same time,
wherein the electric signals of at least two driving chan-
nels are at different frequencies; and each signal reading
unit comprises at least one band-pass filter for acquiring
the electric signals of each sampling channel. By means
of the technical solution, the delay of operation recogni-
tion is effectively reduced, and the operation recognition
efficiency is improved. The operation recognition appa-
ratus is suitable for an input device of a scanning array
type and particularly suitable for applications in the field
of touch screens and touch panels.
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Description

TECHNICAL FIELD

[0001] The present invention relates to the field of op-
eration recognition, and more particularly to an operation
recognition apparatus and method, and a smart terminal
having the device.

BACKGROUND

[0002] Regardless in industrial production, in commer-
cial applications or in daily life, most electronic products
have human-computer interaction functions to receive
user’s input operations through input devices. Common
input devices include keyboards, touch screens, etc.
Such input devices have a common feature of working
in an array scanning mode.
[0003] FIG. 1 is a schematic diagram of a keyboard
array. The keyboard array includes row channels R0-R3
and column channels C0-C3. Each row channel inter-
sects with all column channels to form 16 electrical
nodes. 16 keys are provided, each key being connected
to the row channel and the column channel on the cor-
responding electrical node. The working steps of the key-
board array are as follows:

1. inputting signals to a row channel, for example
setting the row channel to a high level or a low level;
2. reading a level state of each column channel by
a detection circuit in sequence to check if a signal or
level has been received, wherein if a signal is re-
ceived, it is indicated that a key in the current row
and column is pushed; and if no signal or level is
received, it is represented that no key in the current
row and column is pushed;
3. scanning each row and each column one by one
in sequence, until all rows and columns have been
traversed, which represents the completion of a
scanning cycle; and
4. repeating the scanning in this way, and continu-
ously detecting the key pushing operation.

[0004] The scanning principle of a touch screen is sim-
ilar to the keyboard array, wherein row channels and col-
umn channels for sensing touch operations are provided
inside the touch screen and are scanned row by row and
column by column. When the above various arrays are
scanned, all row channels or column channels are often
traversed in a sequence of channel positions in a scan-
ning cycle.
[0005] FIG. 2 is a topology diagram of a scanning array.
In FIG. 2, column channels which work as a driving circuit
and receive input signals are provided on the left side;
and row channels which are detected by the detection
circuit are provided on the right side. Each scanned row
channel is provided with a switch through which only one
row channel is selected for state detection at the same

moment.
[0006] The technical solution in the prior art has the
disadvantage that a relatively long process is required to
scan the entire array and to traverse each row and each
column. There is a certain delay in the response to a key
pushing operation or a touch operation, and a position
where a user operates cannot be found immediately. If
encountering the worst case, i.e., when the user oper-
ates, a row or a column is just missed at the position
corresponding to the operation, then the user’s touch
event cannot be found till next cycle occurs, such that
the delay will be longer. For application scenarios having
very high requirements on the response time, such as
playing games, these delays will reduce the user expe-
rience.
[0007] Therefore, how to reduce the time for recogniz-
ing user operations and improve the efficiency of opera-
tion recognition is a technical problem that needs to be
solved.

SUMMARY

[0008] In order to overcome the technical defects, an
object of the present invention is to provide an operation
recognition apparatus capable of shortening an opera-
tion recognition delay, an operation recognition method
based on the operation recognition apparatus, and a
smart terminal having the operation recognition appara-
tus.
[0009] The present invention provides an operation
recognition apparatus, which comprises an operation re-
ceiving unit, a scanning array composed of at least one
driving channel and at least one sampling channel, and
at least one signal reading unit; the driving channels and
the sampling channels intersect to form at least one elec-
trical node, and the signal reading units are connected
with all the sampling channels and acquire electric sig-
nals on all the sampling channels; the operation recog-
nition apparatus further comprises at least one signal
source; the signal sources are connected with the re-
spective driving channels and send electric signals to all
the driving channels at the same time, wherein the elec-
tric signals of at least two driving channels are at different
frequencies; each signal reading unit comprises at least
one band-pass filter for acquiring the electric signals of
each sampling channel; after the operation receiving unit
receives a user operation, at least one electrical node on
the scanning array corresponding to the user operation
is turned on, and the driving channels and the sampling
channels, which correspond to the electrical node being
turned on, form an electrical pathway; the signal reading
units acquire the electric signals on all sampling chan-
nels, determine the positions of the electrical pathways
according to the sampling channels where the acquired
electric signals are located and the frequencies of the
electric signals, thereby recognizing the position of the
user operation.
[0010] Preferably, the number of the signal reading
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units is equal to the number of the sampling channels,
and the signal reading units are arranged in one-to-one
correspondence to the sampling channels.
[0011] Preferably, in case of one signal reading unit,
the operation recognition apparatus further comprises a
set of change-over switches, and each sampling channel
is connected to the signal reading unit through a change-
over switch; and the signal reading unit acquires the elec-
tric signals of each sampling channel one by one through
the change-over switch.
[0012] Preferably, a frequency interval of the electric
signals on every two adjacent driving channels is greater
than a frequency threshold.
[0013] Preferably, the operation receiving unit is a key;
the user operation is a pushing operation; and the signal
source sends electric signals of different frequencies to
each driving channel at the same time.
[0014] Preferably, the operation receiving unit is a
touch screen; the user operation is a touch operation;
and the signal source sends electric signals of different
frequencies to each driving channel at the same time.
[0015] Preferably, the operation recognition apparatus
further comprises an analog-to-digital converter which is
connected to the signal reading unit and configured to
convert the electric signal into a digital signal including
an area of a touch operation region and pixel point infor-
mation.
[0016] An operation recognition method is implement-
ed on the basis of an operation recognition apparatus,
wherein the operation recognition apparatus comprises
an operation receiving unit, a scanning array composed
of at least one driving channel and at least one sampling
channel, and at least one signal reading unit; the driving
channels and the sampling channels intersect to form at
least one electrical node, and the signal reading units are
connected to all the sampling channels and acquire elec-
tric signals on all the sampling channels; the operation
recognition method comprises the following steps:

S101: sending electric signals of different frequen-
cies to all the driving channels at the same time by
signal sources in the operation recognition appara-
tus, wherein the electric signals of at least two driving
channels are at different frequencies;
S102: when the operation receiving unit receives a
user operation, turning on the electrical node at a
position on the scanning array corresponding to the
user operation, wherein the driving channels and the
sampling channels, which correspond to the electri-
cal node being turned on, form an electrical pathway;
S103: acquiring the electric signals of each sampling
channel by the signal reading unit;
S104: recognizing the frequencies of the electric sig-
nals of each sampling channel; and
S105: determining the position of the electrical path-
way according to the sampling channels where the
electric signals acquired in step S103 and step S104
are located and the frequencies of the electric sig-

nals, so as to recognize the position of the user op-
eration.

[0017] Preferably, the number of the signal reading
units is equal to the number of the sampling channels,
and each of the signal reading units comprises at least
one band-pass filter; in step S103, all signal reading units
acquire the electric signals of the corresponding sam-
pling channels at the same time; in step S104, each signal
reading unit filters the electric signals of each sampling
channel into at least two frequency ranges through the
band-pass filter and recognizes the electric signals.
[0018] Preferably, in case of one signal reading unit,
the operation recognition apparatus further comprises a
set of change-over switches, and each sampling channel
is connected to the signal reading unit through a change-
over switch; and in step S103, the signal reading unit
acquires the electric signals of each sampling channel
one by one through the change-over switch.
[0019] Preferably, each signal reading unit comprises
at least one band-pass filter; in step S104, each signal
reading unit filters the electric signals of each sampling
channel into at least two frequency ranges through the
band-pass filter and recognizes the electric signals.
[0020] Preferably, in step S104, the electric signals of
each sampling channel are converted into spectrum pa-
rameter by Fourier transform, and the electric signal am-
plitude corresponding to each frequency in step S101 is
recognized.
[0021] Preferably, in step S101, the signal source
sends electric signals of different frequencies to each
driving channel at the same time.
[0022] Preferably, the operation recognition apparatus
cyclically performs steps S101 to S105 according to a
scanning cycle.
[0023] Preferably, the operation receiving unit is a
touch screen; the user operation is a touch operation;
the operation recognition apparatus further comprises an
analog-to-digital converter; and the operation recognition
method further comprises:
S106: converting the electric signal into a digital signal
including an area of a touch operation region and pixel
point information by the analog-to-digital converter.
[0024] The present invention further discloses a smart
terminal which comprises the above-mentioned opera-
tion recognition apparatus.
[0025] After the above-mentioned technical solutions
are adopted, compared with the prior art, the present
invention has the following beneficial effects:

1. the delay of operation recognition is effectively
reduced, and the efficiency of operation recognition
is improved; and
2. The operation recognition apparatus is suitable
for an input device of a scanning array type and par-
ticularly suitable for applications in the fields of touch
screens and touch panels.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

FIG. 1 is a schematic diagram of a keyboard array
in the prior art;
FIG. 2 is a topology diagram of a scanning array in
the prior art;
FIG. 3 is a structural diagram of an operation recog-
nition apparatus in a preferred embodiment in ac-
cordance with the present invention;
FIG. 4 is a structural diagram of an operation recog-
nition apparatus in another preferred embodiment in
accordance with the present invention;
FIG. 5 is a schematic flowchart of an operation rec-
ognition method in a preferred embodiment in ac-
cordance with the present invention; and
FIG. 6 is a schematic flowchart of an operation rec-
ognition method in another preferred embodiment in
accordance with the present invention.

[0027] Reference symbols represent the following
components:
10-scanning array; 101-driving channel; 102-sampling
channel; 103-electrical node; 11-operation receiving unit;
12-signal reading unit; 121-band-pass filter; 13-signal
source; 14-analog-to-digital converter; 15-change-over
switch.

DETAILED DESCRIPTION

[0028] The advantages of the present invention are fur-
ther described hereinafter with reference to the drawings
and the specific embodiments.
[0029] The exemplary embodiments are described in
detail herein, and are illustratively shown in the drawings.
When the following description refers to the drawings,
unless otherwise indicated, the same numbers in differ-
ent drawings indicate the same or similar elements. The
embodiments described in the following exemplary em-
bodiments do not represent all embodiments consistent
with the present disclosure. On the contrary, they are
merely examples of devices and methods consistent with
some aspects of the present disclosure described in de-
tail in the appended claims.
[0030] The terms used in the present disclosure are
for the purpose of describing particular embodiments on-
ly and are not intended to limit the present disclosure.
The singular forms of "a", "said" and "the" used in the
present disclosure and the appended claims are also in-
tended to include the plural forms, unless other meanings
are clearly indicated by the context. It should also be
understood that the term "and/or" used herein refers to
and includes any or all possible combinations of one or
more associated listed items.
[0031] It shall be understood that although the terms
first, second, third, etc. may be used to describe various
information in the present disclosure, the information

should not be limited to these terms. These terms are
only used to distinguish the information of the same type
from each other. For example, the first information can
also be referred to as the second information, and simi-
larly, the second information can also be referred to as
the first information without departing from the scope of
the present disclosure. Depending on the context, the
word "if" used herein can be explained as "in the case
of", "when" or "in response to determine".
[0032] In the description of the present invention, it
should be understood that the orientation or position re-
lation indicated by the terms "longitudinal", "lateral", "up-
per", "lower", "front", "rear", "left", "right", "vertical", "hor-
izontal", "top", "bottom", "inside", "outside" and the like
is based on the orientation or position relation shown in
the drawings, which is only used for convenience of de-
scription of the present invention and simplification of de-
scription instead of indicating or implying that the indicat-
ed device or element must have a specific orientation,
and be constructed and operated in a specific orientation,
and thus should not be understood as a limitation to the
present invention.
[0033] In the description of the present invention, the
terms "installation", "connected" and "connection" should
be understood in broad sense unless otherwise specified
and defined. For example, they can be mechanical con-
nection or electrical connection, can also be connected
inside two components, can be directly connected, and
can also be indirectly connected through an intermediate
medium. The specific meanings of the above terms can
be understood in a specific case by those of ordinary
skills in the art.
[0034] In the following description, the postfixes such
as "module", "component" or "unit" used to indicate ele-
ments are only used to facilitate the description of the
present invention and have no specific meanings in them-
selves. Therefore, the "module" and "component" can be
used in a mixed way.
[0035] FIG. 3 is a structural diagram of an operation
recognition apparatus in a preferred embodiment in ac-
cordance with the present invention. The operation rec-
ognition apparatus comprises an operation receiving unit
11, a scanning array 10, signal reading units 12, and
signal sources 13.
[0036] The operation receiving unit 11 is configured to
receive a user operation. The operation receiving unit 11
may be a device such as a key of a keyboard, a touch
layer of a touch screen, a button of a control console, or
the like, which is in direct contact with a user. In FIG. 3,
the operation receiving units 11 are keys S1 to S16. The
number of the operation receiving units 11 is determined
according to the requirements of the operation recogni-
tion apparatus on application occasions. For example, a
functional mobile phone is often designed to have a key-
board with 9 keys, and a keyboard of a desk computer
is designed to have 101 keys. A corresponding number
of buttons are provided for an industrial device according
to operation requirements, and a touch screen or touch
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pad on a device such as a smart phone or a tablet com-
puter is a whole touch layer.
[0037] The scanning array 10 may be a conductive cir-
cuit in the keyboard array, or may also be a conductive
layer on the touch screen. The scanning array 10 is com-
posed of at least one driving channel 101 and at least
one sampling channel 102. The driving channels 101, as
R0 to R3 in FIG. 3, receive external electric signals. The
sampling channels 102, as C0 to C3 in FIG. 3, are con-
figured to detect whether there is an electric signal. The
driving channels 101 may be row channels or column
channels. When the driving channels 101 are row chan-
nels or column channels, the sampling channels 102 are
correspondingly column channels or row channels,
thereby achieving the intersection of the two channels.
The driving channels 101 and the sampling channels 102
do not necessarily have to meet the vertical distribution
in the physical sense, and can be arranged into different
geometric shapes such as polylines and curves accord-
ing to actual needs. For example, the sizes of some keys
on a computer keyboard are inconsistent, such that the
corresponding row channels or column channels are not
necessarily distributed along straight lines perpendicular
to each other. The number of the driving channels 101
and the number of the sampling channels 102 depend
on the requirements of application occasions. For exam-
ple, the number of the driving channels 101 on a large
touch screen or touch panel can be up to 20 or more,
while a keyboard on a calculator only needs 4-5 driving
channels 101.
[0038] Each of the driving channels 101 intersects with
all the sampling channels 102 to form electrical nodes
103. The electrical nodes 103 are not turned on when
the operation recognition apparatus does not receive a
user operation. For example, in the case of four driving
channels 101 and four sampling channels 102, that is, a
4 3 4 scanning array 10, there are 16 electrical nodes
103 in total. The operation receiving unit 11 is physically
connected to the scanning array 10. For example, when
the scanning array 10 is a keyboard array, the operation
receiving units 11 are keys. Each key corresponds to one
electrical node 103, and two ends of each key are re-
spectively connected to the driving channels 101 and the
sampling channels 103, which correspond to the electri-
cal node 103 where the key is located. When a key is
pushed, the electrical node 103 corresponding to this key
is turned on. In FIG. 3, the key S1 is connected to C0
and R3, and corresponds to the electrical node 103
formed by the intersection of C0 and R3. For another
example, when the scanning array 10 is a conductive
layer of a touch screen, the conductive layer can also be
regarded as that different ITO conductive circuits are
etched from two ITO coatings. Patterns etched on the
two ITO coatings are perpendicular to each other, one
of the patterns being horizontal and the other being ver-
tical. The ITO is an abbreviation of Indium Tin Oxide. The
operation receiving unit 11 is a touch layer covering the
conductive layer, such as a composite glass screen.

When the touch layer receives an external touch opera-
tion, it will cause a change in capacitance or resistance
on the conductive layer, thereby realizing the detection
of the user operation.
[0039] The signal reading units 12 are connected to all
the sampling channels 102 and configured to acquire
electric signals on all the sampling channels 102. Each
signal reading unit 12 may be a detection circuit capable
of detecting the electric signals on the sampling channel
102 and determining whether the operation receiving unit
11 corresponding to the electrical node 103 on the sam-
pling channel 102 receives the user operation according
to the state of the electric signal. Either one or a plurality
of signal reading units 12 is provided.
[0040] Each signal source 13 is connected to each driv-
ing channel 101 and configured to send electric signals
to all the driving channels 101 at the same time, wherein
the electric signals of at least two driving channels 101
are at different frequencies. Different from the prior art,
in the present invention, the signal sources 13 provide
electric signals for the driving channels 101. In the prior
art, the electric signals on the driving channels 101 are
often digital logic levels. However, in the present inven-
tion, each signal source 13 provides electric signals of
different frequencies, thereby ensuring that the electric
signals of at least two driving channels 101 are at different
frequencies. For example, in FIG. 3, the signal source
13 provides an electric signal of 1 kHz for R0 and an
electric signal of 2 kHz for R1. Each electric signal may
be a sine wave, a sawtooth wave, a square wave, or
other waveform with periodic characteristics. The signal
source 13 may be a signal generator, or may be electric
signals of different frequencies obtained by performing
frequency division by a clock circuit in the operation rec-
ognition apparatus. The signal source 13 may provide
electric signals of different frequencies for all driving
channels 101, that is, the frequencies of the electric sig-
nals of each driving channel 101 are different. The signal
sources may also provide hybrid electric signals, i.e., pro-
vide electric signals of different frequencies for only a
part of the driving channels 101, and still provide digital
logic level signals for the remaining driving channels 101.
[0041] In the present invention, each signal reading
unit 12 comprises at least one band-pass filter 121 con-
figured to acquire the electric signals of each sampling
channel 102. In order to recognize electric signals of dif-
ferent frequencies emitted from the signal sources 13,
each signal reading unit 12 comprises at least one band-
pass filter 121. The band-pass filter is a device that allows
waves of a specific frequency band to pass while shield-
ing other frequency bands. For example, an RLC oscil-
lation circuit is an analog band-pass filter. Still taking FIG.
3 as an example, each signal source 13 sends electric
signals of 1KHz and 2KHz to R0 and R1 in the driving
channel 101, respectively. If a key S9 or S13 is pushed,
C0 in the sampling channel 102 may receive the electric
signal of 1KHz or 2KHz, which needs to be filtered or
recognized by the band-pass filter 121. For example, the
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band-pass filter 121 allows the electric signal of 1 kHz to
pass, then the signal reading unit 12 detects whether the
electric signal passes at the output end of the band-pass
filter 121. If the electric signal of 1KHz is detected, it
means that the key S13 is pushed. If the electric signal
of 1KHz is not detected, it means that the key S13 is not
pushed. The band-pass range and the number of the
bandpass filters 121 are determined according to the set-
tings of the scanning array 10 and the signal sources 13.
For example, if there are four driving channels 101 re-
spectively having electric signals of different frequencies,
at least four band-pass filters 121 working in different
frequency bands are needed to meet recognition needs.
The band-pass filters 121 may be arranged in parallel.
The signal reading units 12 detect the electric signals
from the output ends of different band-pass filters 121,
respectively.
[0042] The working principle of the operation recogni-
tion apparatus is as follows: after the operation receiving
unit 11 receives a user operation, at least one electrical
node 103 at a position on the scanning array 10 corre-
sponding to the user operation is turned on, and the driv-
ing channels 101 and sampling channels 102, which cor-
respond to the electrical node 103 being turned on, form
an electrical pathway; the signal reading units 12 acquire
the electric signals on all sampling channels 102, deter-
mine the positions of the electrical pathways according
to the sampling channels 102 where the acquired electric
signals are located and the frequencies of the electric
signals, thereby recognizing the position of the user op-
eration. The user operation may be a pushing operation,
a touch operation, or the like according to the difference
in the operation receiving unit 11.
[0043] Specifically, the signal source 13 in FIG. 3
sends electric signals of 1KHz, 2KHz, 3KHz, and 4KHz
to the driving channels 101, namely, R0, R1, R2, and R3
at the same time. When the user pushes the key S11,
the key S11 turns on the driving channels 101 and the
sampling channels 102 which are connected to the key
S11, that is, turns on R1 and C2. In this way, R1 and C2
form an electrical pathway. The electric signal of 2KHz
from the signal source 13 is acquired by the signal read-
ing unit 12 through R1 and C2. At least three of the band-
pass filters 121 in the signal reading unit 12 respectively
filter the electric signals of 1KHz, 2KHz, 3KHz and 4KHz
that may exist on C0 to C3. Finally, the electric signal of
2KHz is detected at C2, so it can be concluded that R1
and C2 are combined, and finally it is recognized that the
user has pushed the key S11. Even if the user pushes
at least two keys at the same time, due to the different
frequencies of the electric signals of different drive chan-
nels 101, such user operation can also be recognized.
For example, if the user pushes the key S9 and the key
S14 at the same time, the signal reading unit 12 can
acquire an electric signal of 2KHz on C0 and an electric
signal of 1KHz on C1, thereby realizing the co-existence
of two electrical pathways of C0 and R1, C1 and R0, and
further recognizing that the user has pushed the key S9

and the key S14 at the same time. The operation recog-
nition apparatus of the touch screen structure has the
same working principle as above, and also recognizes
the position of the user operation by determining the fre-
quencies of the electric signals on different sampling
channels 102.
[0044] In some embodiments, when the signal source
13 only sends electric signals of different frequencies to
some of the driving channels 101, for example, only
sends electric signals with frequencies to R0 and R1,
digital logic levels are still sent for R2 and R3 in a time-
sharing manner. For example, the signal source 13 first
sends electric signals of 1 kHz and 2 kHz to R0 and R1
at the same time, and then sends high levels to R2 and
R3 at different moments, respectively. Then, the signal
reading unit 12 performs electric signal recognition in two
manners. When the signal source 13 sends electric sig-
nals with frequencies to R0 and R1, C0 to C3 are
scanned, and filtered and recognized through the band-
pass filter 121. When the signal source 13 sends logic
levels to R2 and R3, respectively, the logic level signals
on C0 to C3 are respectively acquired. Correspondingly,
the number of the band-pass filters 121 is also consistent
with the number of the driving channels 101 that receive
electric signals of different frequencies. If the working
time for the four driving channels 101 in the prior art is 8
milliseconds in total, that is, one scanning cycle is 8 mil-
liseconds, an average of 2 milliseconds is required for
each driving channel. However, in this embodiment, the
electric signals are sent to R0 and R1 at the same time,
such that the time is compressed by 2 milliseconds. It
takes a total of 6 milliseconds to complete the electric
signal supply for all driving channels 101, which saves 2
milliseconds compared to the prior art. In view of a wide
range of applications, the above-mentioned method
compresses the time for the driving channels 101 that
receive the electric signals with frequencies to receive
the electric signals one by one. Compared with the prior
art, the time that can be saved is described as follows:
the number of the driving channels 101 that receive the
electric signals with frequencies is N, the total number of
the driving channels 101 is M, and then the saved time

is  of the scanning cycle in the prior art. This em-
bodiment has the advantages that the balance of cost
and performance is comprehensively considered, the re-
quirements on the number of the channels of the signal
sources 13 and the number of the band-pass filters 121
are not high, and the internal space structure of the op-
eration recognition apparatus is also saved.
[0045] In the embodiment as shown in FIG. 3, in the
case of one signal reading unit 12, the operation recog-
nition apparatus further comprises a set of change-over
switches 15, and each sampling channel 102 is connect-
ed to the signal reading unit 12 through a change-over
switch 15; and the signal reading unit 12 acquires the
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electric signals of each sampling channel one by one
through the change-over switch 15. In this embodiment,
the sampling channels 102 are detected still in a time-
sharing manner. The electric signal of one sampling
channel 102 is sampled only at the same time, and dif-
ferent sampling channels 102 are selected through the
change-over switches 15 to achieve signal isolation. This
embodiment has the advantage of saving the hardware
cost because only one signal reading unit 12 is needed.
[0046] As a further improvement of the operation rec-
ognition apparatus, a frequency interval of the electric
signals on every two adjacent driving channels 101 in
the scanning array 10 is greater than a frequency thresh-
old. In order to reduce the interference between the ad-
jacent driving channels 101 and improve the recognition
rate of the electric signals, the frequencies of the electric
signals on the adjacent driving channels 101 must be
kept at a sufficient frequency interval, that is, greater than
a frequency threshold. The frequency threshold may be
determined according to a frequency recognition resolu-
tion of the signal reading unit 12. For example, when the
frequency recognition resolution of the signal reading unit
12 is 50 Hz, the electric signals of 990 Hz and 1010 Hz
cannot be distinguished. Therefore, the frequency
threshold should be set to at least 50 Hz, so that the
signal reading unit 12 can accurately acquire the frequen-
cies of the electric signals. In addition, in order to effec-
tively use the frequency resources, electric signals with
relatively close frequencies can be provided on the driv-
ing channels 101 that are far apart. For example, for R0
to R3 in FIG. 3, electric signals of 1KHz, 2KHz, 3KHz,
and 1.5KHz can be provided respectively. If R0 is far
away from R3, and relatively close frequencies can be
selected.
[0047] Further, the signal source 13 sends electric sig-
nals of different frequencies to each driving channel 101
at the same time. That is, all driving channels 101 receive
electric signals with frequencies, which can realize the
simultaneous transmission of the electric signals, such
that the working time of the driving channels 101 is saved
to the greatest extent. The method in the prior art is to
supply electric signals to the driving channels 101 one
by one, and the required scanning cycle is the accumu-
lation of the working time of all the driving channels 101.
However, in the present invention, the electric signals
are supplied to all driving channels 101 at the same time,
without the need to supply the electric signals to each
driving channel 101 separately, thereby saving a lot of
time. If the operation recognition apparatus has N driving
channels, the scanning cycle required in the present in-
vention is one-Nth of the prior art.
[0048] As a further improvement of the operation rec-
ognition apparatus, the operation recognition apparatus,
when being a touch screen, further comprises an analog-
to-digital converter 14 which is connected to the signal
reading unit 12 and configured to convert the electric sig-
nal into a digital signal including an area of a touch op-
eration region and pixel point information. When the

touch screen receives the user’s touch operation, the
contact position is often a region corresponding to a plu-
rality of pixels points. Therefore, it is necessary to rec-
ognize the region area and pixel point information of the
user’s touch operation. The scanning array 10 of the
touch screen can be designed to have relatively dense
driving channels 101 and sampling channels 102. Cor-
respondingly, the electrical nodes 103 will also be very
dense. When a touch operation occurs, a plurality of elec-
trical nodes 103 will be turned on. The signal reading unit
12 can acquire electric signals of different frequencies
on the plurality of sampling channels 102. After the an-
alog-to-digital converter 14 performs analog-to-digital
conversion on the electric signals of different frequen-
cies, the range of the electrical pathway corresponding
to the same frequency signal can be determined, and the
region area and the pixel information of the correspond-
ing touch operation can be further determined. The pixel
point information is a specific pixel point coordinate po-
sition in the touch operation region. The present invention
is applicable to not only the field of touch screens and
also other fields, but the application effect is optimal in
the field of touch screens.
[0049] FIG. 4 is a structural diagram of an operation
recognition apparatus in another preferred embodiment
in accordance with the present invention. In this embod-
iment, the number of the signal reading units 12 is equal
to the number of the sampling channels 102, and the
signal reading units 12 are arranged in one-to-one cor-
respondence to the sampling channels 102. Similarly,
each signal reading unit 12 comprises at least one band-
pass filter 121. The number of the band-pass filters 121
is equal to the number of the driving channels 101 that
receive electric signals of different frequencies. In this
embodiment, all the signal reading units 12 can work in
parallel, without polling and sampling all the sampling
channels 102 separately, thereby saving the sampling
time. If there are X sampling channels 102 in the opera-
tion recognition apparatus, this embodiment can further

compress the scanning cycle to  before. If the scan-
ning cycle in the prior art is T, the number of all driving
channels 101, which receive electric signals of different
frequencies, in the operation identification apparatus in
accordance with the present invention is N, the number
of the sampling channels is M, and then the scanning

cycle in the present invention is  
[0050] FIG. 5 is a schematic flowchart of an operation
recognition method in a preferred embodiment in accord-
ance with the present invention. The operation recogni-
tion method is implemented on the basis of an operation
recognition apparatus. The operation recognition appa-
ratus comprises an operation receiving unit 11, a scan-
ning array 10 composed of at least one driving channel
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101 and at least one sampling channel 102, and at least
one signal reading unit 12. The driving channels 101 and
the sampling channels 102 intersect to form at least one
electrical node 103, and the signal reading units 12 are
connected with all the sampling channels 102 and ac-
quire electric signals on all the sampling channels 102.
The operation recognition method comprises the follow-
ing steps:
S101: sending electric signals of different frequencies to
all the driving channels 101 at the same time by a signal
source 13 in the operation recognition apparatus, where-
in the electric signals of at least two driving channels 101
are at different frequencies.
[0051] The operation recognition apparatus comprises
a signal source 13 that provides electric signals of differ-
ent frequencies to ensure that the electric signals of at
least two driving channels 101 are at different frequen-
cies. Each electric signal may be a sine wave, a sawtooth
wave, a square wave, or other waveform with periodic
characteristics. The signal source 13 may provide electric
signals of different frequencies for all driving channels
101, that is, the frequencies of the electric signals of each
driving channel 101 are different. The signal source may
also provide hybrid electric signals, i.e., provide electric
signals of different frequencies for only a part of the driv-
ing channels 101, and still provide digital logic level sig-
nals for the remaining driving channels 101.
[0052] S102: When the operation receiving unit 11 re-
ceives a user operation, turning on the electrical node
103 at a position on the scanning array 10 corresponding
to the user operation, wherein the driving channels 101
and the sampling channels 102, which correspond to the
electrical node 103 being turned on, form an electrical
pathway.
[0053] The user operation may be a pushing operation,
a touch operation, or the like according to the difference
in the operation receiving unit 11. After the operation re-
ceiving unit 11 receives a user operation, the operation
receiving unit 11 causes a physical change on the scan-
ning array 10, and at least one electrical node 103 at a
position on the scanning array 10 corresponding to the
user operation is turned on. The driving channels 101
and the sampling channels 102, which correspond to the
electrical node 103 being turned on, form an electrical
pathway. The electric signals propagate in the electrical
pathway from the driving channels 101 to the sampling
channels 102.
[0054] S103: Acquiring the electric signals of each
sampling channel 102 by the signal reading unit 12.
[0055] The signal reading unit 12 acquires electric sig-
nals on all sampling channels 102. With respect to the
sampling manner of each sampling channel 102, one
sampling manner is to arrange a corresponding signal
reading unit 12 for each sampling channel 102, and all
the signal reading units 12 simultaneously acquire the
electric signals; another manner is to use one signal read-
ing unit 12 and select the sampling channels 102 one by
one by means of change-over switches 15 to acquire the

electric signals. The signal reading unit 12 has a detection
circuit therein, which can detect an analog signal or a
digital signal.
[0056] S104: Recognizing the frequencies of the elec-
tric signals of each sampling channel 102.
[0057] In this step, the frequencies of the electric sig-
nals on each sampling channel 102 detected in step S103
are recognized. For example, for C0 to C3 in FIG. 3, the
frequencies of the electric signals on the four sampling
channels 102 are recognized respectively. The recogni-
tion of the frequencies can be achieved through the sam-
pling principle. That is, the electric signals are detected
through a higher sampling frequency, and the detection
results are then "patched together" to form a complete
waveform, wherein the sampling frequency is at least
twice the frequency of the electric signal. For example,
when the electric signal on the sampling channel 102 is
2 kHz, the sampling frequency is at least 4 kHz. The
higher the sampling frequency, the higher the accuracy,
and the more similar the degree of restoration of the elec-
tric signal. When the electric signals on the same sam-
pling channel 102 may have a plurality of frequencies,
hardware or software may be used to separate different
frequencies in a time domain or a frequency domain.
[0058] S105: Determining the position of the electrical
pathway according to the sampling channel 103 where
the electric signals acquired in step S103 and step S104
are located and the frequencies of the electric signals,
so as to recognize the position of the user operation.
[0059] If the signal reading unit 12 can acquire the elec-
tric signals by using the change-over switch 15, i.e., only
corresponding to one sampling channel 102 at the same
moment, the sampling channel 102 is determinable, and
the numbers of the sampling channels 102 may be de-
termined according to the timing of their detection one
by one. If the signal reading units 12 are in one-to-one
correspondence to the sampling channels 102, the signal
reading units 12 may be numbered. That is, if a signal
reading unit 12 detects an electric signal, the sampling
channel 103 corresponding to the signal reading unit 12
has an electric signal. If an electric signal of a correspond-
ing frequency is detected from a sampling channel 102,
it means that the sampling channel 102 that detects the
electric signals constitutes an electrical pathway, and the
frequency range of the electric signal is also determined.
However, the frequencies of the electric signals of the
driving channel 101 are determined, so the driving chan-
nels 101 and the detection channels 102, which corre-
spond to the electrical pathway where the electric signals
are detected, can be locked to acquire a position of the
electrical pathway. The electrical node 103 correspond-
ing to each electrical pathway is unique, and the position
corresponding to the electrical node 103 is the position
of the user operation.
[0060] In some embodiments of the present invention,
the content of the step S103 varies depending on the
number setting of the signal reading units 12. When the
number of the signal reading units 12 is equal to the
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number of the sampling channels 102, the signal reading
units 12 are arranged in a one-to-one correspondence
to the sampling channels, and each of the signal reading
units 12 comprises at least one band-pass filter 121. In
step S103, all the signal reading units 12 acquire the
electric signals of the corresponding sampling channels
at the same time. In step S104, each signal reading unit
filters the electric signals of each sampling channel into
at least two frequency ranges through the band-pass filter
and recognizes the electric signals. In this embodiment,
the electric signals on the same sampling channels 102
are filtered into electric signals on a plurality of frequency
bands by using the band-pass filters 121. For example,
when the band-pass filters 121 which are in parallel are
used, the output end of each band-pass filter 121 outputs
an electric signal of a corresponding frequency band,
thereby realizing separation processing of electric sig-
nals of different frequencies on the same sampling chan-
nel 102. Since the signal reading units 12 work without
interfering with each other, the electric signals of the sam-
pling channels 102 can be detected at the same time.
Therefore, it is not necessary to detect the sampling
channels 102 one by one, thereby greatly improving the
recognition speed.
[0061] In case of one signal reading unit 12, the oper-
ation recognition apparatus further comprises a set of
change-over switches 15, and each sampling channel
102 is connected to the signal reading unit 12 through a
change-over switch 15; and in step S103, the signal read-
ing unit 12 acquires the electric signals of each sampling
channel 102 one by one through the change-over switch
15.
[0062] In order to recognize the frequencies of different
electric signals on the same sampling channel 102 in the
case of one signal reading unit 12, the signal reading unit
12 comprises at least one band-pass filter 121. In step
S104, each signal reading unit 12 filters the electric sig-
nals of each sampling channel 102 into at least two fre-
quency ranges through the band-pass filter 121 and rec-
ognizes the electric signals. In this embodiment, hard-
ware is still used to solve the problem of recognizing elec-
tric signals of different frequencies on the same sampling
channel 102.
[0063] In other embodiments of the present invention,
in order to recognize the frequencies of different electric
signals on the same sampling channel 102 in case of one
signal reading unit 12, in step S104, the electric signals
of each sampling channel are converted into spectrum
parameters by Fourier transform, and the electric signal
amplitude corresponding to each frequency in step S101
is recognized. The Fourier transform is an integral trans-
form, which is derived from the Fourier integral represen-
tation of a function, and the periodic function can be de-
veloped into a Fourier series under certain conditions. In
the field of communications, the Fourier transform has a
pivotal role of converting a complex signal into a super-
position of a plurality of sine waves of different frequen-
cies and amplitudes to obtain a signal spectrum. The

frequency spectrum includes signal amplitudes at differ-
ent frequencies, that is, spectrum parameters. In view of
the present invention, there may be two or more electric
signals of different frequencies on the same sampling
channel 102, which correspond to the case where the
user pushes a plurality of keys at the same time or the
touch screen is touched in a plurality of points. The elec-
tric signal detected by each signal reading unit 12 is a
composite electric signal containing different frequen-
cies. The composite electric signal is converted into spec-
trum parameters through Fourier transform. Whether or
not the electric signal corresponding to the frequency is
received is determined by analyzing the amplitudes cor-
responding to different frequencies in the spectrum pa-
rameters. For example, the user pushes two keys at the
same time, which send two electric signals, which are
1kHz and 2kHz respectively, to a sampling channel 102.
After the spectrum parameters are obtained through Fou-
rier transform, it can be found that the positions corre-
sponding to 1kHz and 2kHz have higher amplitudes. The
position amplitudes corresponding to other frequencies
are zero or other preset reference voltage values, so that
the recognition of electric signals of different frequencies
on the same sampling channel 102 is achieved.
[0064] Further, in step S101, the signal source 13
sends electric signals of different frequencies to each
driving channel 101 at the same time. That is, all driving
channels 101 receive electric signals with frequencies,
which can realize the simultaneous transmission of the
electric signals, such that the working time of the driving
channels 101 is saved to the greatest extent. The method
in the prior art is to supply electric signals to the driving
channels 101 one by one, and the required scanning cy-
cle is the accumulation of the working time of all driving
channels 101. However, in the present invention, the
electric signals are supplied to all driving channels 101
at the same time, without the need to supply the electric
signals to each driving channel 101 separately, thereby
saving a lot of time. If the operation recognition apparatus
has N driving channels, the scanning cycle required in
the present invention is one-Nth of the prior art.
[0065] As a further improvement of the operation rec-
ognition method, the operation recognition apparatus cy-
clically performs steps S101 to S105 according to a scan-
ning cycle. The operation recognition apparatus contin-
uously recognizes the user’s operation, so the steps
S101 to S105 are executed cyclically to provide electric
signals of different frequencies continuously to the driving
channels 101, acquire the electric signals by the signal
reading units 12 and perform frequency recognition,
thereby recognizing the position of the user operation.
[0066] As a further improvement of the operation rec-
ognition method, the operation receiving unit is a touch
screen. The user operation is a touch operation. The op-
eration recognition apparatus further comprises an ana-
log-to-digital converter 14. The operation recognition
method further comprises:
S106: converting the electric signal into a digital signal
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including an area of a touch operation region and pixel
point information by the analog-to-digital converter 14.
[0067] The operation recognition apparatus, when be-
ing a touch screen, further comprises an analog-to-digital
converter 14 which is connected to the signal reading
unit 12 and configured to convert the electric signal into
a digital signal including an area of a touch operation
region and pixel point information. When the touch
screen receives the user’s touch operation, the contact
position is often a region corresponding to a plurality of
pixels points. Therefore, it is necessary to recognize the
region area and pixel point information of the user’s touch
operation. The scanning array 10 of the touch screen can
be designed to have relatively dense driving channels
101 and sampling channels 102. Correspondingly, the
electrical nodes 103 will also be very dense. When a
touch operation occurs, a plurality of electrical nodes 103
will be turned on. The signal reading unit 12 can acquire
electric signals of different frequencies on the plurality of
sampling channels 102. After the analog-to-digital con-
verter 14 performs analog-to-digital conversion on the
electric signals of different frequencies, the range of the
electrical pathway corresponding to the same frequency
signal can be determined, and the region area and pixel
information of the corresponding touch operation can be
further determined. The pixel point information is a spe-
cific pixel point coordinate position in the touch operation
region.
[0068] The present invention is applicable to not only
the field of touch screens and also other fields, but the
application effect is optimal in the field of touch screens.
[0069] The present invention further discloses a smart
terminal which comprises the above-mentioned opera-
tion recognition apparatus. The smart terminal may be a
device with a human-machine interaction function, such
as a smart phone or a tablet computer, and receives user
operations through the operation recognition apparatus.
[0070] It should be noted that the embodiments of the
present invention have better implementation and do not
limit the present invention in any way. Any person skilled
in the art may change or modify these embodiments into
equivalent effective embodiments by use of the technical
content disclosed above. However, any corrections or
equivalent changes and modifications made to the above
embodiments based on the technical essence of the
present invention without departing from the technical
solution of the present invention still fall within the scope
of the technical solutions of the present invention.

Claims

1. An operation recognition apparatus, comprising an
operation receiving unit, a scanning array composed
of at least one driving channel and at least one sam-
pling channel, and at least one signal reading unit;
the driving channels and the sampling channels in-
tersect to form at least one electrical node, and the

signal reading unit is connected with all the sampling
channels and configured to acquire electric signals
on all the sampling channels, wherein
the operation recognition apparatus further compris-
es:

at least one signal source connected to each
driving channel and configured to send electric
signals to all the driving channels at the same
time, wherein the electric signals of at least two
driving channels are at different frequencies;
each signal reading unit comprises at least one
band-pass filter configured to acquire the elec-
tric signals of each sampling channel;
after the operation receiving unit receives a user
operation, at least one electrical node at a posi-
tion on the scanning array corresponding to the
user operation is turned on, and the driving
channels and sampling channels, which corre-
spond to the electrical node being turned on,
form an electrical pathway; the signal reading
unit acquires the electric signals on all sampling
channels, determines the position of the electri-
cal pathway according to the sampling channels
where the acquired electric signals are located
and the frequencies of the electric signals, there-
by recognizing the position of the user operation.

2. The operation recognition apparatus according to
claim 1, wherein
the number of the signal reading units is equal to the
number of the sampling channels, and the signal
reading units are arranged in one-to-one corre-
spondence to the sampling channels.

3. The operation recognition apparatus according to
claim 1, wherein
in case of one signal reading unit, the operation rec-
ognition apparatus further comprises a set of
change-over switches, and each sampling channel
is connected to the signal reading unit through a
change-over switch; and
the signal reading unit acquires the electric signals
of each sampling channel one by one through the
change-over switch.

4. The operation recognition apparatus according to
any one of claims 1 to 3, wherein
a frequency interval of the electric signals on every
two adjacent driving channels is greater than a fre-
quency threshold.

5. The operation recognition apparatus according to
any one of claims 1 to 3, wherein
the operation receiving unit is a key;
the user operation is a pushing operation;
the signal source sends electric signals of different
frequencies to each driving channel at the same
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time.

6. The operation recognition apparatus according to
any one of claims 1 to 3, wherein
the operation receiving unit is a touch screen;
the user operation is a touch operation;
the signal source sends electric signals of different
frequencies to each driving channel at the same
time.

7. The operation recognition apparatus according to
claim 6, wherein
the operation recognition apparatus further compris-
es:
an analog-to-digital converter which is connected to
the signal reading unit and configured to convert the
electric signal into a digital signal including an area
of a touch operation region and pixel point informa-
tion.

8. An operation recognition method, which is imple-
mented based on an operation recognition appara-
tus [since the independent claim of the apparatus
comprises a band-pass filter, which is not used in
the independent claim of method, the technical fea-
tures in the preamble of the operation recognition
apparatus are explained again, instead of citation;
the signal source can be used as specific technical
features of two independent claims to acquire the
unity], wherein the operation recognition apparatus
comprises an operation receiving unit, a scanning
array composed of at least one driving channel and
at least one sampling channel, and at least one signal
reading unit; the driving channels and the sampling
channels intersect to form at least one electrical
node, and the signal reading unit is connected with
all the sampling channels and configured to acquire
electric signals on all the sampling channels; the op-
eration recognition method comprises the following
steps:

S101: sending electric signals of different fre-
quencies to all the driving channels at the same
time by a signal source in the operation recog-
nition apparatus, wherein the electric signals of
at least two driving channels are at different fre-
quencies;
S102: when the operation receiving unit re-
ceives a user operation, turning on the electrical
node at a position on the scanning array corre-
sponding to the user operation, wherein the driv-
ing channels and the sampling channels, which
correspond to the electrical node being turned
on, form an electrical pathway;
S103: acquiring the electric signals of each sam-
pling channel by the signal reading unit;
S104: recognizing the frequencies of the electric
signals of each sampling channel; and

S105: determining the position of the electrical
pathway according to the sampling channel
where the electric signals acquired in step S103
and step S104 are located and the frequencies
of the electric signals, so as to recognize the
position of the user operation.

9. The operation recognition method according to claim
8, wherein
the number of the signal reading units is equal to the
number of the sampling channels, and the signal
reading units are arranged in one-to-one corre-
spondence to the sampling channels;
each of the signal reading units comprises at least
one band-pass filter;
in step S103, all signal reading units acquires the
electric signals of the corresponding sampling chan-
nels at the same time; and
in step S104, each signal reading unit filters the elec-
tric signals of each sampling channel into at least
two frequency ranges through the band-pass filter
and recognizes the electric signals.

10. The operation processing method according to claim
8, wherein
in the case of one signal reading unit, the operation
recognition apparatus further comprises a set of
change-over switches, and each sampling channel
is connected to the signal reading unit through a
change-over switch; and
in step S103, the signal reading unit acquires the
electric signals of each sampling channel through
the change-over switch one by one.

11. The operation recognition method according to claim
10, wherein
the signal reading unit comprises at least one band-
pass filter; and
in step S104, the signal reading unit filters the electric
signals of each sampling channel into at least two
frequency ranges through the band-pass filter and
recognizes the electric signals.

12. The operation recognition method according to claim
10, wherein
in step S104, the electric signals of each sampling
channel are converted into spectrum parameters by
Fourier transform [when the Fourier transform is
used, because the software cannot operate in par-
allel, it must be ensured that the same frequency
corresponds to only one electrical pathway and the
electrical pathway is thus combined with the change-
over switch as a solution, and therefore, claim 10 is
cited], and the electric signal amplitude correspond-
ing to each frequency in step S101 is recognized.

13. The operation recognition method according to any
one of claims 8 to 12, wherein
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in step S101, the signal source sends electric signals
of different frequencies to each driving channel at
the same time.

14. The operation recognition method according to any
one of claims 8 to 12, wherein
the operation recognition apparatus cyclically per-
forms steps S101 to S105 according to a scanning
cycle.

15. The operation recognition method according to any
one of claims 8 to 12, wherein
the operation receiving unit is a touch screen;
the user operation is a touch operation;
the operation recognition apparatus further compris-
es an analog-to-digital converter; and the operation
recognition method further comprises:
S106: converting the electric signal into a digital sig-
nal including an area of a touch operation region and
pixel point information by the analog-to-digital con-
verter.

16. A smart terminal, comprising the operation recogni-
tion apparatus according to claim 1.
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