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SENSING SCREEN, CONTROL CIRCUIT AND CONTROL

METHOD THEREOF, AND SENSING SCREEN APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to the field of wireless communications, and

in particular, to a sensing screen, a control circuit and control method thereof, and a5

sensing screen apparatus.

BACKGROUND

[0002] With the development of wireless communications technologies, emerging

application scenarios and demands constantly come into being in large numbers, and

radio access networks also develop towards large capacities, millimeter waves,10

multiple bands, and the like. An antenna of a conventional mobile terminal or portable

device based on low-frequency communications technologies can implement

omnidirectional coverage, and a gain of the antenna is usually about 2 dBi. However,

for a mobile terminal or portable device based on high-frequency communications

technologies, because a transmission loss of the high-frequency communications15

technologies is relatively large, in order to meet requirements of communication

within a certain distance, an antenna size needs to be increased to increase an antenna

gain. It is estimated that an antenna gain of a mobile terminal or portable device needs

to reach greater than 10 dBi in a millimeter-wave application, and the antenna gain

even needs to reach 25–30 dBi in some application scenarios.20

[0003] In the prior art, a mobile terminal or portable device that has a touch

display function is provided. The mobile terminal or portable device is based on

conventional low-frequency communications technologies and includes a touch

display screen, a touchscreen sensing unit, a light emitting part, an antenna, and a

transparent conductive material. The touch display screen, the touchscreen sensing25

unit, and the light emitting part jointly occupy a touchscreen area of the mobile

terminal or portable device. The transparent conductive material is placed in a part of

the touchscreen area. The antenna is mainly placed in a non-touch-screen area, and a
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part of the antenna is placed around the transparent conductive material.

[0004] During implementation of the present invention, the inventor finds that the

prior art has at least the following problems:

[0005] A conventional mobile terminal or portable device has a relatively low

requirement on an antenna gain, an antenna and a touch display screen can be5

arranged in different locations of the mobile terminal or portable device, and

arrangement requirements of the touch display screen and the antenna can be

completely met. However, in a millimeter-wave wireless communications system that

uses high-frequency communications technologies, the millimeter-wave wireless

communications system has a significantly increased requirement on the antenna gain,10

and therefore an antenna size (or a physical aperture) increases. Moreover, due to a

consideration on a visual effect, if a size of the mobile terminal or portable device is

limited, a size of the touch display screen of the mobile terminal or portable device

becomes increasingly large, an area available for the antenna becomes increasingly

small, and a touchscreen area of the mobile terminal or portable device cannot be15

efficiently utilized.

SUMMARY

[0006] In order to resolve the foregoing problems in the prior art, embodiments of

the present invention provide a sensing screen, a control circuit and control method

thereof, and a sensing screen apparatus. The technical solutions are as follows:20

[0007] According to a first aspect, an embodiment of the present invention

provides a sensing screen, where the sensing screen includes a display screen, a first

transparent medium layer, a transparent connection layer, and a transparent antenna

layer, where the first transparent medium layer is sandwiched between the connection

layer and the antenna layer, and the connection layer is sandwiched between the first25

transparent medium layer and the display screen; and

the antenna layer includes multiple antenna units, and the multiple antenna

units include at least one first antenna unit and multiple second antenna units, where

the first antenna unit is configured to transmit a sensing signal, and the second

antenna units are configured to receive reflected signals of the sensing signal, where30

the reflected signals are generated by a touch object by reflecting the sensing signal,

or the first antenna unit and the second antenna units are configured to simultaneously
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transmit or receive a communication signal, and the multiple second antenna units are

interspersed with the first antenna unit.

[0008] Further, the antenna layer includes multiple antenna feeders configured to

feed the antenna units, each antenna feeder is connected to one antenna unit, or each

antenna feeder is connected to multiple antenna units, and different antenna feeders5

are connected to different antenna units.

[0009] Optionally, all the antenna units form an antenna array, a radiation

direction of an array formed by some antenna units in the antenna array is parallel

with the display screen, and a radiation direction of an array formed by the other

antenna units in the antenna array is perpendicular to the display screen.10

[0010] Optionally, the antenna units are made of one or more of indium tin oxide,

fluorine-doped tin oxide, aluminum-doped zinc oxide, and indium-doped zinc oxide.

[0011] Optionally, the antenna units are low-profile antennas, and the low-profile

antennas include one or more of a patch antenna, a slot antenna, and a Vivaldi

antenna.15

[0012] Further, the connection layer includes a shield layer and a ground layer,

where the shield layer is configured to shield the antenna layer and return the

communication signal, the sensing signal, and the reflected signals, and the ground

layer is configured to ground the antenna layer.

[0013] Optionally, the sensing screen further includes a second transparent20

medium layer disposed between the display screen and the connection layer.

[0014] Optionally, the sensing screen further includes a transparent protective

layer that overlies the antenna layer, and the transparent protective layer and the first

transparent medium layer are located on two sides of the antenna layer.

[0015] According to a second aspect, an embodiment of the present invention25

provides a control circuit of a sensing screen, configured to control the sensing screen

according to the first aspect, where the control circuit includes an adjustment module

and a control module, the adjustment module is controlled by the control module to

adjust a sensing signal, reflected signals, and a communication signal, the control

module is further configured to determine a location of a touch object according to the30

adjusted sensing signal and reflected signals, and the adjustment module is electrically

connected to the sensing screen and the control module separately.

[0016] Further, the adjustment module includes:

a radio frequency front-end channel, configured to receive the sensing



4

signal, the reflected signals, and the communication signal, and perform

standing-wave detection, signal amplification, and filtering on the sensing signal, the

reflected signals, and the communication signal;

an adjustment unit, configured to adjust amplitude, a phase, or a delay of

the sensing signal, the reflected signals, and the communication signal;5

a frequency conversion unit, configured to perform frequency conversion

on the sensing signal, the reflected signals, and the communication signal; and

a power division and combination unit, configured to perform power

division on the sensing signal, perform power combination on the reflected signals,

and perform power combination or power division on the communication signal.10

[0017] Optionally, the radio frequency front-end channel, the adjustment unit, the

power division and combination unit, and the frequency conversion unit are

sequentially connected between the sensing screen and the control module; or

the radio frequency front-end channel, the adjustment unit, the frequency

conversion unit, and the power division and combination unit are sequentially15

connected between the sensing screen and the control module; or

the radio frequency front-end channel, the frequency conversion unit, the

adjustment unit, and the power division and combination unit are sequentially

connected between the sensing screen and the control module.

[0018] According to a third aspect, an embodiment of the present invention20

provides a sensing screen apparatus, where the sensing screen apparatus includes the

sensing screen according to the first aspect and a control apparatus, where the control

apparatus includes a housing and the control circuit according to the second aspect,

the control circuit is disposed in the housing, and the control circuit is connected to

the sensing screen by using the housing.25

[0019] Optionally, the sensing screen is connected to the control circuit by using a

jumper, or a connector, or a slot disposed on the housing.

[0020] According to a fourth aspect, an embodiment of the present invention

provides a control method of a sensing screen, used to control the sensing screen

according to the first aspect, where the method includes:30

in a sensing timeslot, controlling a first antenna unit in the sensing screen

to transmit a sensing signal, and controlling second antenna units to receive reflected

signals of the sensing signal, where the reflected signals are generated by a touch

object by reflecting the sensing signal; and
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when the reflected signals of the sensing signal are received, determining

coordinates of the touch object on a plane on which the sensing screen is located,

according to power of the received reflected signals and coordinates, of the second

antenna units that receive the reflected signals, on the plane.

[0021] Optionally, the method further includes:5

in a communication timeslot, controlling the antenna units to

simultaneously transmit or receive a communication signal.

[0022] Further, one or more sensing timeslots are inserted in one communication

timeslot in a spaced manner or are inserted between two adjacent communication

timeslots in a spaced manner.10

[0023] Optionally, the controlling a first antenna unit in the sensing screen to

transmit a sensing signal includes:

randomly selecting one antenna unit from the multiple antenna units, or

selecting one antenna unit with highest frequency of use from the multiple antenna

units; and15

controlling the selected one antenna unit to transmit the sensing signal.

[0024] Further, the determining coordinates of the touch object on a plane on

which the sensing screen is located, according to power of the received reflected

signals and coordinates, of the second antenna units that receive the reflected signals,

on the plane includes:20

selecting four reflected signals with highest power from the received

reflected signals;

determining coordinates of four second antenna units that receive the four

selected reflected signals; and

determining the coordinates of the touch object on the plane according to25

the four selected reflected signals and the coordinates of the four second antenna

units.

[0025] Further, the determining the coordinates of the touch object on the plane

according to the four selected reflected signals and the coordinates of the four second

antenna units includes:30

detecting whether power of the four reflected signals reaches a set

threshold; and

reselecting a first antenna unit when power of one reflected signal among

the four reflected signals does not reach the set threshold.
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[0026] Optionally, the method further includes: checking whether the coordinates

of the touch object on the plane exceed an edge of the sensing screen, to obtain a

check result; and

when the check result is that the coordinates of the touch object on the

plane exceed no edge of the sensing screen, generating an operation control5

instruction according to the coordinates of the touch object on the plane.

[0027] Further, the method further includes:

storing the coordinates of the touch object on the plane and the check

result of the coordinates of the touch object on the plane.

[0028] Optionally, the method further includes:10

according to the coordinates of the touch object on the plane and a distance

from the touch object to the sensing screen, controlling a beam angle generated by the

antenna units in the communication timeslot, where the touch object is located outside

the generated beam angle.

[0029] Optionally, the method further includes:15

separately detecting whether strength of a reflected signal received by each

antenna unit reaches a set threshold; and

closing a communication channel of an antenna unit corresponding to a

reflected signal that reaches the threshold.

[0030] The technical solutions provided by the embodiments of the present20

invention have the following beneficial effects:

[0031] An antenna layer made of a transparent material, a transparent connection

layer, a first transparent medium layer, and a display screen are used to make a

sensing screen, and the antenna layer is arranged right above the display screen, so

that a touch area of the sensing screen is fully utilized while screen display is not25

affected, so as to substantially increase an antenna size and increase an antenna gain.

In addition, a first antenna unit transmits a sensing signal, second antenna units

receive reflected signals of the sensing signal, and a location corresponding to a touch

object is determined according to the reflected signals, so as to implement a sensing

function without adding extra costs, thereby reducing costs and achieving use30

convenience.
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BRIEF DESCRIPTION OF DRAWINGS

[0032] To describe the technical solutions in the embodiments of the present

invention more clearly, the following briefly describes the accompanying drawings

required for describing the embodiments. Apparently, the accompanying drawings in

the following description show merely some embodiments of the present invention,5

and a person of ordinary skill in the art may still derive other drawings from these

accompanying drawings without creative efforts.

[0033] FIG. 1 is a schematic structural diagram of a sensing screen according to

Embodiment 1 of the present invention;

[0034] FIG. 1a is a schematic structural diagram of an antenna layer according to10

Embodiment 1 of the present invention;

[0035] FIG. 2 is a schematic structural diagram of a sensing screen according to

Embodiment 2 of the present invention;

[0036] FIG. 2a is a schematic diagram of a uniform antenna array arrangement

manner according to Embodiment 2 of the present invention;15

[0037] FIG. 2b is a schematic diagram of a non-uniform antenna array

arrangement manner according to Embodiment 2 of the present invention;

[0038] FIG. 2c is a schematic diagram of a radiation direction of an antenna

according to Embodiment 2 of the present invention;

[0039] FIG. 3 is a schematic structural diagram of a control circuit according to20

Embodiment 3 of the present invention;

[0040] FIG. 4 is a schematic structural diagram of a control circuit according to

Embodiment 4 of the present invention;

[0041] FIG. 4a is a schematic structural diagram of an adjustment unit according

to Embodiment 4 of the present invention;25

[0042] FIG. 4b is a schematic structural diagram of a radio frequency front-end

channel according to Embodiment 4 of the present invention;

[0043] FIG. 4c is a schematic structural diagram of a frequency conversion unit

according to Embodiment 4 of the present invention;

[0044] FIG. 5 is a flowchart of a control method according to Embodiment 5 of30

the present invention;

[0045] FIG. 6 is a flowchart of a control method according to Embodiment 6 of

the present invention;
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[0046] FIG. 6a is a schematic diagram of a locating algorithm of a sensing screen

according to Embodiment 6 of the present invention; and

[0047] FIG. 7 is a schematic structural diagram of a sensing screen apparatus

according to Embodiment 7 of the present invention.

DESCRIPTION OF EMBODIMENTS5

[0048] To make the objectives, technical solutions, and advantages of the present

invention clearer, the following further describes the embodiments of the present

invention in detail with reference to the accompanying drawings.

Embodiment 1

[0049] This embodiment of the present invention provides a sensing screen.10

Referring to FIG. 1 and FIG. 1a, the sensing screen includes a display screen 1, a

connection layer 2, a transparent antenna layer 3, and a first transparent medium layer

4. The first transparent medium layer 4 is sandwiched between the connection layer 2

and the antenna layer 3, and the connection layer 2 is sandwiched between the first

transparent medium layer 4 and the display screen 1. The antenna layer 3 includes15

multiple antenna units 31, and the multiple antenna units 31 include at least one first

antenna unit 311 and multiple second antenna units 312. An antenna of the first

antenna unit 311 is configured to transmit a sensing signal, and antennas of the second

antenna units 312 are configured to receive reflected signals of the sensing signal,

where the reflected signals are generated by a touch object by reflecting the sensing20

signal. Alternatively, the first antenna unit 311 and the second antenna units 312 are

all configured to simultaneously transmit or receive a communication signal. The

multiple second antenna units 312 are interspersed with the first antenna unit 311.

[0050] When the first antenna unit 311 and the second antenna units 312 are

configured to generate a communication signal, for example, when a mobile phone to25

which the sensing screen is applied is on a call, the first antenna unit 311 may be

construed as the second antenna unit 312. When the antenna of the first antenna unit

311 is configured to transmit a sensing signal, and the antennas of the second antenna

units 312 are configured to receive reflected signals of the sensing signal, the sensing

screen may be used as a non-contact display screen of a terminal.30
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[0051] According to this embodiment of the present invention, an antenna layer

made of a transparent material, a transparent connection layer, a first transparent

medium layer, and a display screen are used to make a sensing screen, and the antenna

layer is arranged right above the display screen, so that a touch area of the sensing

screen is fully utilized while screen display is not affected, so as to substantially5

increase an antenna size and increase an antenna gain. In addition, a first antenna unit

transmits a sensing signal, second antenna units receive reflected signals of the

sensing signal, and a location corresponding to a touch object is determined according

to the reflected signals, so as to implement a sensing function without adding extra

costs, thereby reducing costs and achieving use convenience.10

Embodiment 2

[0052] This embodiment of the present invention provides a sensing screen.

Referring to FIG. 2, the sensing screen includes a display screen 1, a transparent

connection layer 2, a transparent antenna layer 3, and a first transparent medium layer

4. The first transparent medium layer 4 is sandwiched between the connection layer 215

and the antenna layer 3, and the connection layer 2 is sandwiched between the first

transparent medium layer 4 and the display screen 1. The antenna layer 3 includes

multiple antenna units 31, and the multiple antenna units 31 include at least one first

antenna unit 311 and multiple second antenna units 312. An antenna of the first

antenna unit 311 is configured to transmit a sensing signal, and antennas of the second20

antenna units 312 are configured to receive reflected signals of the sensing signal,

where the reflected signals are generated by a touch object by reflecting the sensing

signal. Alternatively, the first antenna unit 311 and the second antenna units 312 are

configured to simultaneously transmit or receive a communication signal. The

multiple second antenna units 312 are interspersed with the first antenna unit 311.25

[0053] The display screen 1 may use either an LED (Light Emitting Diode, light

emitting diode) display screen or an LCD (Liquid Crystal Display, liquid crystal

display).

[0054] The first transparent medium layer 4 is configured to transmit the sensing

signal, the reflected signals, and the communication signal. The first transparent30

medium layer 4 may use transparent glass or air. When the first transparent medium

layer 4 uses air, a medium structure is further needed for supporting.
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[0055] In this embodiment, the connection layer 2 includes a shield layer 21 and a

ground layer 22 (not shown in the figure). The shield layer 21 is configured to shield

the antenna layer 3 and return the communication signal, the sensing signal, and the

reflected signals. The ground layer 22 is configured to ground the antenna layer. The

ground layer 22 may be a protrusion disposed on the shield layer 21, and the5

protrusion may be soldered on a circuit board, so as to implement a grounding

function. During implementation, the shield layer 21 and the ground layer 22 may be

made of materials such as ITO (Indium Tin Oxide, indium tin oxide).

[0056] In another implementation manner, the shield layer 21 and the ground

layer 22 may also be integrated into one layer.10

[0057] During implementation, the antenna layer 3 includes multiple antenna

feeders 32 that feed the antenna units 31. Referring to FIG. 2b and FIG. 2c, the

antenna units 31 are arranged uniformly, and each antenna feeder 32 is connected to

one antenna unit 31. Alternatively, each antenna feeder 32 is connected to multiple

antenna units 31, and different antenna feeders 32 are connected to different antenna15

units 31.

[0058] In this embodiment, referring to FIG. 2a, all the antenna units 31 form an

antenna array, a radiation direction of an array formed by some antenna units, that is,

antenna units 313, of the antenna array is parallel with the display screen 1, and a

radiation direction of an array formed by the other antenna units, that is, antenna units20

314, of the antenna array is perpendicular to the display screen 1. During

implementation, amplitude and a phase of a signal in each antenna unit may be

adjusted to change a beam direction of the antenna array within a certain range, so as

to form a radiation pattern (or an antenna directivity pattern) that is of the antenna

array and that covers the entire display screen. It can be easily understood that, the25

radiation direction of the array formed by the antenna units is affected by a type of the

antenna units, a manner of connection between the antenna feeders and the antenna

units, and a phase and amplitude of a signal generated in the antenna units.

[0059] The antenna units are made of one or more of ITO, FTO (Fluorine-doped

Tin Oxide, fluorine-doped tin oxide), ZnO:Al (Aluminum-doped Zinc Oxide,30

aluminum-doped zinc oxide), and ZnO:In (Indium-doped Zinc Oxide, indium-doped

zinc oxide). During implementation, the antenna units may be low-profile antennas.

The low-profile antennas may include one or more of a patch antenna, a slot antenna,

a Vivaldi antenna, and a low-profile high-gain vertically polarized omnidirectional
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antenna.

[0060] It should be noted that, in an actual application, in order to bring

convenience for manufacturing of the sensing screen and subsequent control

processing, usually all the second antenna units use a same type of low-profile

antennas, for example, patch antennas, and all the first antenna units use a same type5

of low-profile antennas, and the first antenna unit may be the same as or different

from the second antenna units in type.

[0061] In this embodiment, the sensing screen further includes a second

transparent medium layer 5 disposed between the display screen 1 and the connection

layer 2, where the second transparent medium layer 5 may also use transparent glass10

or air. When the second transparent medium layer 5 uses air, a medium structure is

further needed for supporting.

[0062] In this embodiment, the sensing screen may further include a transparent

protective layer 6 that overlies the antenna layer 3, and the transparent protective layer

6 and the first transparent medium layer 4 are located on two sides of the antenna15

layer 3. During implementation, the transparent protective layer 6 is a thin layer

formed by a transparent medium with a relatively low dielectric constant.

[0063] According to this embodiment of the present invention, an antenna layer

made of a transparent material, a transparent connection layer, a first transparent

medium layer, and a display screen are used to make a sensing screen, and the antenna20

layer is arranged right above the display screen, so that a touch area of the sensing

screen is fully utilized while screen display is not affected, so as to substantially

increase an antenna size and increase an antenna gain. In addition, a first antenna unit

transmits a sensing signal, second antenna units receive reflected signals of the

sensing signal, and a location corresponding to a touch object is determined according25

to the reflected signals, so as to implement a sensing function without adding extra

costs, thereby reducing costs and achieving use convenience.

Embodiment 3

[0064] This embodiment of the present invention provides a control circuit of a

sensing screen. The control circuit 30 is configured to control the sensing screens30

corresponding to Embodiment 1 and Embodiment 2. The control circuit 30 includes

an adjustment module 301 and a control module 302. The adjustment module 301 is
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controlled by the control module 302 to adjust a sensing signal, reflected signals, and

a communication signal. The control module 302 is further configured to determine a

location of a touch object according to the adjusted sensing signal and reflected

signals. The adjustment module 301 is electrically connected to the sensing screen 10

and the control module 302 separately.5

[0065] According to this embodiment of the present invention, an antenna layer

made of a transparent material, a transparent connection layer, a first transparent

medium layer, and a display screen are used to make a sensing screen, and the antenna

layer is arranged right above the display screen, so that a touch area of the sensing

screen is fully utilized while screen display is not affected, so as to substantially10

increase an antenna size and increase an antenna gain. In addition, a first antenna unit

transmits a sensing signal, second antenna units receive reflected signals of the

sensing signal, and a location corresponding to a touch object is determined according

to the reflected signals, so as to implement a sensing function without adding extra

costs, thereby reducing costs and achieving use convenience.15

Embodiment 4

[0066] This embodiment of the present invention provides a control circuit of a

sensing screen. The control circuit is configured to control the sensing screens

corresponding to Embodiment 1 and Embodiment 2. The control circuit 30 includes

an adjustment module 40 and a control module 50. The adjustment module 40 is20

controlled by the control module 50 to adjust a sensing signal, reflected signals, and a

communication signal. The control module 50 is further configured to determine a

location of a touch object according to the adjusted sensing signal and reflected

signals. The adjustment module 40 is electrically connected to the sensing screen 10

and the control module 50 separately.25

[0067] In this embodiment, the adjustment module 40 may include an adjustment

unit 401, a radio frequency front-end channel 403, a frequency conversion unit 404,

and a power division and combination unit 405; and the control module 50 may

include a conversion unit 501, a digital signal processing unit 502, and a control unit

503.30

[0068] During implementation, referring to FIG. 4, each antenna unit 103 is

correspondingly provided with one radio frequency front-end channel 403 and one
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adjustment unit 401, and multiple antenna units 103 are connected to one frequency

conversion unit 404 and one power division and combination unit 405. One control

unit 503 controls all adjustment units 401.

[0069] In an implementation manner, the radio frequency front-end channel 403,

the adjustment unit 401, the power division and combination unit 405, and the5

frequency conversion unit 404 are sequentially connected between the sensing screen

10 and the control module 50. In this embodiment, description is provided by using

this connection manner as an example.

[0070] In another implementation manner, the radio frequency front-end channel

403 and the adjustment unit 401 are electrically connected, and the frequency10

conversion unit 404 and the power division and combination unit 405 are sequentially

connected between the sensing screen 10 and the control module 50.

[0071] In still another implementation manner, the radio frequency front-end

channel 403 and the frequency conversion unit 404 are electrically connected, and the

adjustment unit 401 and the power division and combination unit 405 are sequentially15

connected between the sensing screen 10 and the control module 50.

[0072] In yet another implementation manner, based on the still another

implementation manner, a frequency conversion unit 404 is further disposed between

the adjustment unit 401 and the power division and combination unit 405.

[0073] The control unit 503 is electrically connected to a display screen 101 in the20

sensing screen and the adjustment unit 401, and the digital signal processing unit 502

is electrically connected to the conversion unit 501 and the control unit 503

separately.

[0074] The radio frequency front-end channel 403 is configured to receive the

sensing signal, the reflected signals, and the communication signal, and perform25

standing-wave detection, signal amplification, and filtering on the sensing signal, the

reflected signals, and the communication signal. Specifically, referring to FIG. 4b, the

radio frequency front-end channel 403 may include a standing-wave detection subunit

4031, a signal amplification subunit 4032, and a filtering subunit 4033.

[0075] The adjustment unit 401 is configured to adjust amplitude, a phase, or a30

delay of the sensing signal, the reflected signals, and the communication signal.

Referring to FIG. 4a, the adjustment unit 401 may include a phase or delay adjustment

subunit 4011 and an amplitude adjustment subunit 4012, so as to adjust the amplitude,

the phase, or the delay of the sensing signal, the reflected signals, and the
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communication signal.

[0076] The frequency conversion unit 404 is configured to perform frequency

conversion on the sensing signal, the reflected signals, and the communication signal,

so as to covert frequencies of the sensing signal, the reflected signals, and the

communication signal between a radio frequency signal, an intermediate frequency5

signal, and a baseband signal. Referring to FIG. 4c, the frequency conversion unit 404

may include a local oscillator 4041, a mixer 4042, a filter 4043, and an amplifier

4044.

[0077] The power division and combination unit 405 is configured to perform

power division on the sensing signal, perform power combination on the reflected10

signals, and perform power combination or power division on the communication

signal.

[0078] The conversion unit 501 is configured to implement conversion between

the sensing signal and a digital signal, between the reflected signals and digital

signals, and between the communication signal and a digital signal. The conversion15

unit 501 includes at least an analog-to-digital conversion subunit and a

digital-to-analog conversion subunit.

[0079] The digital signal processing unit 502 is configured to perform modulation

and demodulation on the communication signal, the sensing signal, and the reflected

signals, determine power of the reflected signals, and determine the location of the20

touch object according to the reflected signals and the power of the reflected signals.

It can be easily understood that, the digital signal processing unit 502 includes at least

a modulation subunit, a demodulation subunit, and a calculation subunit.

[0080] The control unit 503 is configured to control the adjustment unit 401 to

perform phase or delay adjustment on a current signal, or control the adjustment unit25

401 to perform amplitude adjustment on a current signal.

[0081] It should be noted that, the control circuit further includes a service

processing unit 60 configured to perform conversion of a communications protocol.

The service processing unit 60 is connected to the digital signal processing unit 502.

[0082] According to this embodiment of the present invention, an antenna layer30

made of a transparent material, a transparent connection layer, a first transparent

medium layer, and a display screen are used to make a sensing screen, and the antenna

layer is arranged right above the display screen, so that a touch area of the sensing

screen is fully utilized while screen display is not affected, so as to substantially
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increase an antenna size and increase an antenna gain. In addition, a first antenna unit

transmits a sensing signal, second antenna units receive reflected signals of the

sensing signal, and a location corresponding to a touch object is determined according

to the reflected signals, so as to implement a sensing function without adding extra

costs, thereby reducing costs and achieving use convenience.5

Embodiment 5

[0083] This embodiment of the present invention provides a control method of a

sensing screen. The method is used to control the sensing screens corresponding to

Embodiment 1 and Embodiment 2. The method includes:

[0084] Step 501: In a sensing timeslot, control a first antenna unit in a sensing10

screen to transmit a sensing signal, and control second antenna units to receive

reflected signals of the sensing signal, where the reflected signals are generated by a

touch object by reflecting the sensing signal.

[0085] During implementation, a sensing enabling signal may be generated to

trigger an antenna unit to transmit a sensing signal, and to trigger another antenna unit15

to monitor a reflected signal of the sensing signal. The sensing enabling signal is

generated by a system of a terminal to which the sensing screen is applied or the

foregoing control circuit, and is used to complete one sensing operation.

[0086] In an actual application, the method may further include:

in a communication timeslot, controlling antenna units in the sensing20

screen to simultaneously transmit or receive a communication signal, where the

communication timeslot is used to complete one or more communication operations;

one or more sensing timeslots are inserted in one communication timeslot in a spaced

manner or are inserted between two adjacent communication timeslots in a spaced

manner; during implementation, one or more non-contact sensing operations may be25

completed in each communication timeslot in a spaced manner, that is, the sensing

enabling signal is generated one or more times in each communication timeslot; or

one or more non-contact sensing operations may be completed between multiple

communication timeslots, that is, the sensing enabling signal is generated one or more

times after each communication timeslot.30

[0087] The touch object includes, but is not limited to, a hand and a stylus.

[0088] Step 502: When the reflected signals of the sensing signal are received,
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determine coordinates of the touch object on a plane on which the sensing screen is

located, according to power of the received reflected signals and coordinates, of the

second antenna units that receive the reflected signals, on the plane.

[0089] According to this embodiment of the present invention, an antenna layer

made of a transparent material, a transparent connection layer, a first transparent5

medium layer, and a display screen are used to make a sensing screen, and the antenna

layer is arranged right above the display screen, so that a touch area of the sensing

screen is fully utilized while screen display is not affected, so as to substantially

increase an antenna size and increase an antenna gain. In addition, a first antenna unit

transmits a sensing signal, second antenna units receive reflected signals of the10

sensing signal, and a location corresponding to a touch object is determined according

to the reflected signals, so as to implement a sensing function without adding extra

costs, thereby reducing costs and achieving use convenience.

Embodiment 6

[0090] This embodiment of the present invention provides a control method of a15

sensing screen. The method is used to control the sensing screens corresponding to

Embodiment 1 and Embodiment 2. The method includes:

[0091] Step 601: Randomly select one antenna unit from multiple antenna units,

or select one antenna unit with highest frequency of use from multiple antenna units.

[0092] During implementation, statistics of a quantity of times each antenna unit20

is actually used as a first antenna unit may be collected to collect statistics of

frequency of use of each antenna unit.

[0093] In this embodiment, the first antenna unit may be switched among the

multiple antenna units according to an actual situation. In another implementation

manner, one or more fixed antenna units may be used as the first antenna unit or first25

antenna units. For example, referring to FIG. 1a, the seventh and the twelfth antenna

units counted from left to right and from top to bottom may be used as the first

antenna units.

[0094] Before step 601, the method further includes: establishing a spatial

Cartesian coordinate system. During implementation, one arbitrary antenna unit may30

be selected as an origin of the coordinate system, and then the coordinate system is

established according to a right-hand rule. It can be easily understood that, a first
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antenna unit that transmits a sensing signal may also be used as the origin of the

coordinate system. In practice, for a case in which each antenna unit acts as the origin,

a corresponding coordinate system may be established in advance, so as to

correspondingly determine coordinates of other antenna units (that is, second antenna

units).5

[0095] Step 602: In a sensing timeslot, control the selected one antenna unit to

transmit a sensing signal.

[0096] Step 603: In the sensing timeslot, control second antenna units to receive

reflected signals of the sensing signal, where the reflected signals are generated by a

touch object by reflecting the sensing signal.10

[0097] Step 604: Select four reflected signals with highest power from the

received reflected signals.

[0098] Step 605: Detect whether power of the four selected reflected signals

reaches a set threshold.

[0099] When the power of the four selected reflected signals reaches the set15

threshold, step 606 is executed, and when power of one reflected signal among the

four selected reflected signals does not reach the set threshold, step 607 is executed.

[0100] Step 606: Determine coordinates of the touch object on a plane according

to the power of the four selected reflected signals and coordinates of four second

antenna units.20

[0101] As described above, the coordinates of the four second antenna units may

be determined by using the first antenna unit as a coordinate origin.

[0102] Referring to FIG. 6a, a specific locating algorithm for determining the

coordinates of the touch object on the plane according to the coordinates of the four

second antenna units with highest power among the reflected signals and the power of25

the reflected signals is as follows:

[0103] The coordinates of the four second antenna units with highest power are

represented by ( 1x , 1y ), ( 2x , 2y ), ( 3x , 3y ), and ( 4x , 4y ), respectively,

corresponding power of the four second antenna units with highest power is

represented by 1rP , 2rP , 3rP , and 4rP , respectively, and by obtaining solutions of an30

equation set formed by equations (1) to (3), the coordinates x and y of the touch

object on the plane and a distance z from the touch object to the sensing screen can be

obtained.
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[0104] In another implementation manner, three antenna units with highest power

may also be selected in step 604, and correspondingly, calculation shall also be5

performed in step 605 and step 606 by using the three antenna units with highest

power.

[0105] Step 607: Reselect a first antenna unit.

[0106] During implementation, by scanning and traversing, the antenna units are

checked one by one for eligibility as the first antenna unit. After the first antenna unit10

is reselected, step 602 is returned to, to start execution again.

[0107] Step 608: Check whether the coordinates of the touch object on the plane

exceed an edge of the sensing screen, to obtain a check result, where when the check

result is that the coordinates of the touch object on the plane exceed no edge of the

sensing screen, step 609 is executed, and when the check result is that the coordinates15

of the touch object on the plane exceed an edge of the sensing screen, step 610 is

executed.

[0108] Step 609: Generate an operation control instruction according to the

coordinates of the touch object on the plane.

[0109] Step 610: Store the coordinates of the touch object on the plane and the20

check result of the coordinates of the touch object on the plane.

[0110] The check result herein includes that the coordinates of the touch object on

the plane exceed an edge of the sensing screen and that the coordinates of the touch

object on the plane exceed no edge of the sensing screen.

[0111] The coordinates of the touch object on the plane are stored, and when the25

coordinates of the touch object on the plane exceed no edge of the sensing screen,

quantities of times of use of the second antenna units are increased by one. The

frequency of use of each antenna unit is determined according to a quantity of times

of use of each antenna unit, so as to provide a basis for selecting a first antenna unit
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next time.

[0112] It should be noted that, after the sensing screen is used for a certain period

of time, for example, one month or three months, the stored coordinates of the touch

object on the plane may further provide reference information for a next check. For

example, a register or the like may be used to store effective coordinates of the touch5

object on the plane (that is, coordinates of the touch object on the plane that exceed no

edge of the sensing screen) together, and when coordinates of a current touch object

on a plane are calculated, that is, in step 608, the coordinates of the current touch

object on the plane may be directly matched with those in the register, so as to

improve sensing speed and reliability.10

[0113] It can be easily understood that, the coordinates of the touch object on the

plane when the coordinates of the touch object on the plane exceed an edge of the

sensing screen are stored, so that determining can be performed more rapidly when a

first antenna unit is selected next time or at a next check, and therefore the sensing

speed and reliability can also be improved. During implementation, when the15

coordinates of the touch object on the plane exceed an edge of the sensing screen, a

quantity of sensing errors may further be recorded, and when a value of a counter

reaches a set value, an error warning is sent.

[0114] In this embodiment, the method may further include:

according to the coordinates of the touch object on the plane and the20

distance from the touch object to the sensing screen, controlling a beam angle

generated by the antenna units in a communication timeslot, where the touch object is

located outside the generated beam angle.

[0115] The distance from the touch object to the sensing screen may be calculated

in the following manner:25

[0116] If the four antenna units with highest power are used in step 604, the

distance from the touch object to the sensing screen may be directly obtained

according to the equations (1) to (3) in step 606.

[0117] If the three antenna units with highest power are used in step 604, the

distance from the touch object to the sensing screen may be obtained according to30

time differences between transmitting of the sensing signal and receiving of the

reflected signals, propagation speed of the sensing signal and the reflected signals,

and distances between the first antenna unit that transmits the sensing signal and the

second antenna units that receive the reflected signals.
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[0118] In this embodiment, the touch object is located outside the generated beam

angle, that is, no usable beam exists in an area in which the touch object is located, so

as to effectively prevent the touch object that is too close to the sensing screen or that

is in direct contact with the sensing screen from blocking a signal of an antenna unit.

[0119] When the touch object is too close to the sensing screen, reflection5

performed by the antenna units may be caused, so that radiation performance of the

antenna units is uncontrolled, and it is difficult to ensure radiation safety of the

antenna units. That the touch object is located outside the generated beam angle can

effectively prevent a blocking object that is too close to the sensing screen, that is, a

non-contact touch object from affecting sensitivity of the antenna units.10

[0120] In this embodiment, the method may further include:

separately detecting whether strength of a reflected signal received by each

antenna unit reaches a set threshold; and

closing a communication channel of an antenna unit corresponding to a

reflected signal that reaches the threshold.15

[0121] This step may be performed before step 604. The strength of the reflected

signal may be power, amplitude, or the like of the reflected signal. During

implementation, a standing-wave detector may be used to detect the strength of the

reflected signal.

[0122] Communication channels of the antenna units are usually planned20

according to a quantity of antenna units and the like during system design. One

communication channel may be corresponding to one antenna unit, or one

communication channel may be corresponding to multiple antenna units. If one

communication channel is corresponding to multiple antenna units, if strength of a

reflected signal received by one antenna unit of the multiple antenna units exceeds the25

set threshold, but no strength of reflected signals received by the other antenna units

of the multiple antenna units exceeds the set threshold, the corresponding

communication channel also needs to be closed in the communication timeslot.

However, in a next communication timeslot, a closed communication channel is

automatically opened, so that the antenna units use the communication channel30

normally.

[0123] During implementation, after a corresponding communication channel of

an antenna unit is closed, warning information may further be sent. The warning

information is used to inform a user that the touch object or the blocking object is too
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close to the sensing screen. The warning information may be displayed on a display

screen, so as to prompt the user to avoid the problem, thereby improving radiation

protection of the antenna units in the sensing screen.

[0124] According to this embodiment of the present invention, an antenna layer

made of a transparent material, a transparent connection layer, a first transparent5

medium layer, and a display screen are used to make a sensing screen, and the antenna

layer is arranged right above the display screen, so that a touch area of the sensing

screen is fully utilized while screen display is not affected, so as to substantially

increase an antenna size and increase an antenna gain. In addition, a first antenna unit

transmits a sensing signal, second antenna units receive reflected signals of the10

sensing signal, and a location corresponding to a touch object is determined according

to the reflected signals, so as to implement a sensing function without adding extra

costs, thereby reducing costs and achieving use convenience.

Embodiment 7

[0125] This embodiment of the present invention provides a sensing screen15

apparatus. Referring to FIG. 7, the apparatus includes a sensing screen 71

corresponding to Embodiment 1 and Embodiment 2 and a control apparatus 72. The

control apparatus 72 includes a housing 721 and a control circuit 722 that is

corresponding to Embodiment 3 and Embodiment 4. The control circuit 722 is

disposed in the housing 721. The control circuit 722 is connected to the sensing20

screen 71 by using the housing 721.

[0126] During implementation, the sensing screen 71 may be connected to the

control circuit 722 by using a jumper, or a connector, or a slot 721a disposed on the

housing 721. In a manner in which the sensing screen 71 is connected to the control

circuit 722 by using the slot 721a disposed on the housing 721, referring to FIG. 7a, a25

side surface of the sensing screen 71 is provided with an extended protrusion 711,

where the extended protrusion 711 is a conductor, and the conductor may be mounted

in the slot 712a. In a manner in which the sensing screen 71 is connected to the

control circuit 722 by using a jumper 73 or the connector (not shown in the figure),

referring to FIG. 7b and FIG. 7c, a connecting line 731 is further connected on the30

sensing screen 71 and the control circuit 722. Preferably, the sensing screen 71 is

connected to the control circuit 722 by using the slot 721a disposed on the housing
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721, and this implementation manner is relatively simple, and facilitates overall

integration of the sensing screen and the control circuit.

[0127] According to this embodiment of the present invention, an antenna layer

made of a transparent material, a transparent connection layer, a first transparent

medium layer, and a display screen are used to make a sensing screen, and the antenna5

layer is arranged right above the display screen, so that a touch area of the sensing

screen is fully utilized while screen display is not affected, so as to substantially

increase an antenna size and increase an antenna gain. In addition, a first antenna unit

transmits a sensing signal, second antenna units receive reflected signals of the

sensing signal, and a location corresponding to a touch object is determined according10

to the reflected signals, so as to implement a sensing function without adding extra

costs, thereby reducing costs and achieving use convenience.

[0128] It should be noted that, in the sensing screen apparatus provided by the

foregoing embodiment, control of the sensing screen is described only by way of

example of division of the foregoing functional modules, and in an actual application,15

the foregoing functions may be assigned according to needs to different functional

modules for implementation, that is, the internal structure of the apparatus is divided

into different functional modules, so as to implement all or a part of the functions

described above. In addition, the sensing screen apparatus provided by the foregoing

embodiment is based on the same concept as the embodiment of the control method of20

the sensing screen, and details of the specific implementation process of the sensing

screen apparatus may be referred to the method embodiment, and are not repeated

herein.

[0129] The sequence numbers of the foregoing embodiments of the present

invention are merely for illustrative purposes, and are not intended to indicate25

priorities of the embodiments.

[0130] A person of ordinary skill in the art may understand that all or some of the

steps of the embodiments may be implemented by hardware or a program instructing

related hardware. The program may be stored in a computer-readable storage medium.

The storage medium may include: a read-only memory, a magnetic disk, or an optical30

disc.

[0131] The foregoing descriptions are merely exemplary embodiments of the

present invention, but are not intended to limit the present invention. Any

modification, equivalent replacement, and improvement made without departing from
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the spirit and principle of the present invention shall fall within the protection scope

of the present invention.
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CLAIMS

What is claimed is:

1. A sensing screen, wherein the sensing screen comprises a display screen, a

first transparent medium layer, a transparent connection layer, and a transparent

antenna layer, wherein the first transparent medium layer is sandwiched between the5

connection layer and the antenna layer, and the connection layer is sandwiched

between the first transparent medium layer and the display screen; and

the antenna layer comprises multiple antenna units, and the multiple antenna

units comprise at least one first antenna unit and multiple second antenna units,

wherein the first antenna unit is configured to transmit a sensing signal, and the10

second antenna units are configured to receive reflected signals of the sensing signal,

wherein the reflected signals are generated by a touch object by reflecting the sensing

signal, or the first antenna unit and the second antenna units are configured to

simultaneously transmit or receive a communication signal, and the multiple second

antenna units are interspersed with the first antenna unit.15

2. The sensing screen according to claim 1, wherein the antenna layer comprises

multiple antenna feeders configured to feed the antenna units, each antenna feeder is

connected to one antenna unit, or each antenna feeder is connected to multiple

antenna units, and different antenna feeders are connected to different antenna units.

3. The sensing screen according to claim 1, wherein all the antenna units form an20

antenna array, a radiation direction of an array formed by some antenna units in the

antenna array is parallel with the display screen, and a radiation direction of an array

formed by the other antenna units in the antenna array is perpendicular to the display

screen.

4. The sensing screen according to claim3, wherein the antenna units are made of25

one or more of indium tin oxide, fluorine-doped tin oxide, aluminum-doped zinc

oxide, and indium-doped zinc oxide.

5. The sensing screen according to claim 3, wherein the antenna units are

low-profile antennas, and the low-profile antennas comprise one or more of a patch

antenna, a slot antenna, and a Vivaldi antenna.30

6. The sensing screen according to claim 1, wherein the connection layer

comprises a shield layer and a ground layer, wherein the shield layer is configured to
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shield the antenna layer and return the communication signal, the sensing signal, and

the reflected signals, and the ground layer is configured to ground the antenna layer.

7. The sensing screen according to claim 1, wherein the sensing screen further

comprises a second transparent medium layer disposed between the display screen

and the connection layer.5

8. The sensing screen according to any one of claims 1 to 7, wherein the sensing

screen further comprises a transparent protective layer that overlies the antenna layer,

and the transparent protective layer and the first transparent medium layer are located

on two sides of the antenna layer.

9. A control circuit of a sensing screen, configured to control the sensing screen10

according to any one of claims 1 to 8, wherein the control circuit comprises an

adjustment module and a control module, wherein: the adjustment module is

controlled by the control module to adjust a sensing signal, reflected signals, and a

communication signal, the control module is further configured to determine a

location of a touch object according to the adjusted sensing signal and reflected15

signals, and the adjustment module is electrically connected to the sensing screen and

the control module separately.

10. The control circuit according to claim 9, wherein the adjustment module

comprises:

a radio frequency front-end channel, configured to receive the sensing signal, the20

reflected signals, and the communication signal, and perform standing-wave detection,

signal amplification, and filtering on the sensing signal, the reflected signals, and the

communication signal;

an adjustment unit, configured to adjust amplitude, a phase, or a delay of the

sensing signal, the reflected signals, and the communication signal;25

a frequency conversion unit, configured to perform frequency conversion on the

sensing signal, the reflected signals, and the communication signal; and

a power division and combination unit, configured to perform power division on

the sensing signal, perform power combination on the reflected signals, and perform

power combination or power division on the communication signal.30

11. The control circuit according to claim 10, wherein the radio frequency

front-end channel, the adjustment unit, the power division and combination unit, and

the frequency conversion unit are sequentially connected between the sensing screen

and the control module; or
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the radio frequency front-end channel, the adjustment unit, the frequency

conversion unit, and the power division and combination unit are sequentially

connected between the sensing screen and the control module; or

the radio frequency front-end channel, the frequency conversion unit, the

adjustment unit, and the power division and combination unit are sequentially5

connected between the sensing screen and the control module.

12. A sensing screen apparatus, wherein the sensing screen apparatus comprises

the sensing screen according to any one of claims 1 to 8 and a control apparatus,

wherein the control apparatus comprises a housing and the control circuit according to

any one of claims 9 to 11, the control circuit is disposed in the housing, and the10

control circuit is connected to the sensing screen by using the housing.

13. The sensing screen apparatus according to claim 12, wherein the sensing

screen is connected to the control circuit by using a jumper, or a connector, or a slot

disposed on the housing.

14. A control method of a sensing screen, used to control the sensing screen15

according to any one of claims 1 to 8, wherein the method comprises:

in a sensing timeslot, controlling a first antenna unit in the sensing screen to

transmit a sensing signal, and controlling second antenna units to receive reflected

signals of the sensing signal, wherein the reflected signals are generated by a touch

object by reflecting the sensing signal; and20

when the reflected signals of the sensing signal are received, determining

coordinates of the touch object on a plane on which the sensing screen is located,

according to power of the received reflected signals and coordinates, of the second

antenna units that receive the reflected signals, on the plane.

15. The method according to claim 14, wherein the method further comprises:25

in a communication timeslot, controlling the antenna units to simultaneously

transmit or receive a communication signal.

16. The method according to claim 15, wherein one or more sensing timeslots are

inserted in one communication timeslot in a spaced manner or are inserted between

two adjacent communication timeslots in a spaced manner.30

17. The method according to claim 14, wherein the controlling a first antenna

unit in the sensing screen to transmit a sensing signal comprises:

randomly selecting one antenna unit from the multiple antenna units, or selecting

one antenna unit with highest frequency of use from the multiple antenna units; and
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controlling the selected one antenna unit to transmit the sensing signal.

18. The method according to claim 14, wherein the determining coordinates of

the touch object on a plane on which the sensing screen is located, according to power

of the received reflected signals and coordinates, of the second antenna units that

receive the reflected signals, on the plane comprises:5

selecting four reflected signals with highest power from the received reflected

signals;

determining coordinates of four second antenna units that receive the four

selected reflected signals; and

determining the coordinates of the touch object on the plane according to the four10

selected reflected signals and the coordinates of the four second antenna units.

19. The method according to claim 18, wherein the determining the coordinates

of the touch object on the plane according to the four selected reflected signals and the

coordinates of the four second antenna units comprises:

detecting whether power of the four reflected signals reaches a set threshold; and15

reselecting a first antenna unit when power of one reflected signal among the

four reflected signals does not reach the set threshold.

20. The method according to claim 14, wherein the method further comprises:

checking whether the coordinates of the touch object on the plane exceed an edge

of the sensing screen, to obtain a check result; and20

when the check result is that the coordinates of the touch object on the plane

exceed no edge of the sensing screen, generating an operation control instruction

according to the coordinates of the touch object on the plane.

21. The method according to claim 20, wherein the method further comprises:

storing the coordinates of the touch object on the plane and the check result of25

the coordinates of the touch object on the plane.

22. The method according to claim 14, wherein the method further comprises:

according to the coordinates of the touch object on the plane and a distance from

the touch object to the sensing screen, controlling a beam angle generated by the

antenna units in the communication timeslot, wherein the touch object is located30

outside the generated beam angle.

23. The method according to claim 14, wherein the method further comprises:

separately detecting whether strength of a reflected signal received by each

antenna unit reaches a set threshold; and
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closing a communication channel of an antenna unit corresponding to a reflected

signal that reaches the threshold.


