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(54) INFRARED REMOTE CONTROL APPARATUS AND TERMINAL

(57) Embodiments of the present invention provide
an infrared remote control apparatus and a terminal. The
infrared remote control apparatus includes an audio co-
dec chip, a transfer switch, and an infrared transmitter.
The audio codec chip includes a pair of differential output
pins. The infrared transmitter is connected to the differ-
ential output pins by using the transfer switch. The audio
codec chip is configured to: obtain an infrared remote
control parameter, where the infrared remote control pa-

rameter includes an envelope length and a carrier fre-
quency of an infrared remote control signal; generate the
infrared remote control signal according to the envelope
length and the carrier frequency; and when the transfer
switch sets up a connection between the infrared trans-
mitter and the differential output pins, drive, by using the
differential output pins, the infrared transmitter to transmit
the infrared remote control signal.
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Description

TECHNICAL FIELD

[0001] The present invention relates to the field of in-
frared remote control technologies, and in particular, to
an infrared remote control apparatus and a terminal.

BACKGROUND

[0002] Currently, there are generally two manners of
implementing infrared remote control on a terminal such
as a smartphone. In one manner, a switch of an infrared
transmitter is controlled by using general purpose in-
put/output (General Purpose Input/Output, GPIO) of a
system on chip (System on Chip, SOC), to form an infra-
red remote control modulation signal using pulse-width
modulation (Pulse Width Modulation, PWM). However,
in this manner, infrared remote control learning cannot
be implemented. When a code word corresponding to an
infrared remote controller cannot be found in a code li-
brary, the terminal cannot work properly. In the other
manner, a dedicated infrared remote control chip is used
to implement infrared remote control. In this case, infra-
red remote control learning can also be implemented. An
existing infrared remote control chip transmits a signal in
a single-ended mode. During infrared transmission, the
infrared remote control chip constructs a current signal
of a PWM waveform by controlling a level signal at an
output end that is connected to an infrared transmitter,
so as to control the infrared transmitter to transmit a cor-
responding infrared remote control modulation signal.
During infrared learning, a voltage generated by the in-
frared transmitter by means of a photoelectric effect is
superimposed onto a power supply voltage, and the in-
frared remote control chip analyzes and stores corre-
sponding code word data by identifying the voltage gen-
erated by the infrared transmitter by means of the pho-
toelectric effect. However, in this manner, because the
dedicated infrared remote control chip is required, costs
are inevitably high. Because the infrared remote control
chip transmits a signal in the single-ended mode, anti-
interference performance of the signal is poor in both
infrared learning and infrared transmission. In addition,
because an anti-interference capability of a learning cir-
cuit in a single-ended current source mode is limited,
there are some limitations in terms of infrared learning
algorithm support, infrared learning accuracy control,
and the like. All these are unfavorable for improving in-
frared remote control performance.

SUMMARY

[0003] Embodiments of the present invention provide
an infrared remote control apparatus and a terminal. An
audio codec chip of the terminal is used to generate an
infrared remote control signal, so as to reduce costs for
implementing self-learning infrared remote control on the

terminal, and improve anti-interference performance of
the infrared remote control signal.
[0004] A first aspect of the embodiments of the present
invention provides an infrared remote control apparatus,
including an audio codec chip, a transfer switch, and an
infrared transmitter, where the audio codec chip includes
a pair of differential output pins; the infrared transmitter
is connected to the differential output pins by using the
transfer switch; and the audio codec chip is configured
to: obtain an infrared remote control parameter, where
the infrared remote control parameter includes an enve-
lope length and a carrier frequency of an infrared remote
control signal; generate the infrared remote control signal
according to the envelope length and the carrier frequen-
cy; and when the transfer switch sets up a connection
between the infrared transmitter and the differential out-
put pins, drive, by using the differential output pins, the
infrared transmitter to transmit the infrared remote control
signal.
[0005] The infrared remote control apparatus uses the
audio codec chip to generate the infrared remote control
signal. This can effectively reduce costs for implementing
infrared remote control. In addition, the infrared remote
control signal is transmitted by using a differential signal.
This can effectively improve an anti-interference capa-
bility of the infrared remote control apparatus. In addition,
the audio codec chip directly drives, by using the differ-
ential output pins, the infrared transmitter to transmit the
infrared remote control signal, and there is no need to
provide an independent power supply for the infrared
transmitter. This helps to reduce power consumption of
the infrared remote control apparatus.
[0006] In an implementation, the audio codec chip fur-
ther includes a pair of differential input pins. The infrared
transmitter is also connected to the differential input pins
by using the transfer switch. The infrared transmitter is
further configured to obtain an infrared learning signal.
The audio codec chip is further configured to: when the
transfer switch sets up a connection between the infrared
transmitter and the differential input pins, read the infra-
red learning signal by using the differential input pins,
calculate an envelope length and a carrier frequency of
the infrared learning signal, and use the envelope length
and the carrier frequency of the infrared learning signal
as the envelope length and the carrier frequency of the
infrared remote control signal, respectively.
[0007] The infrared remote control apparatus uses the
audio codec chip to perform processing on the infrared
learning signal. This can effectively reduce costs for im-
plementing self-learning infrared remote control. In ad-
dition, the infrared learning signal is transmitted by using
a differential signal. This can effectively increase an anti-
interference capability of the infrared remote control ap-
paratus, and improve infrared learning performance of
the infrared remote control apparatus.
[0008] In an implementation, the transfer switch in-
cludes a first input pin, a second input pin, a first output
pin, a second output pin, a first input/output pin, a second
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input/output pin, and a control pin, where the first input
pin and the second input pin are connected to a positive
pin and a negative pin of the differential output pins, re-
spectively; the first output pin and the second output pin
are connected to a positive pin and a negative pin of the
differential input pins, respectively; the first input/output
pin and the second input/output pin are connected to a
positive pole and a negative pole of the infrared trans-
mitter, respectively; and the control pin is configured to
input a switching control signal, where the switching con-
trol signal is used to control the transfer switch to connect
the first input/output pin and the second input/output pin
to the first input pin and the second input pin, respectively,
or to the first output pin and the second output pin, re-
spectively.
[0009] In an implementation, the audio codec chip fur-
ther includes a digital signal processor, a digital-to-ana-
log converter, and a first operational amplifier, where an
output end of the digital signal processor is connected to
an input end of the digital-to-analog converter; a positive
differential signal output end and a negative differential
signal output end of the digital-to-analog converter are
connected to a positive input end and a negative input
end of the first operational amplifier, respectively; a pos-
itive output end and a negative output end of the first
operational amplifier are connected to a positive pin and
a negative pin of the differential output pins, respectively;
the digital signal processor is configured to generate a
digital modulation signal according to the infrared remote
control parameter; the digital-to-analog converter is con-
figured to convert the digital modulation signal into a pair
of differential infrared remote control signals; and the first
operational amplifier is configured to amplify the differ-
ential infrared remote control signals, and drive the infra-
red transmitter by using the differential infrared remote
control signals.
[0010] In an implementation, the audio codec chip fur-
ther includes a second operational amplifier and an an-
alog-to-digital converter, where a positive input end and
a negative input end of the second operational amplifier
are connected to a positive pin and a negative pin of the
differential input pins, respectively; a positive output end
and a negative output end of the second operational am-
plifier are connected to a positive differential signal input
end and a negative differential signal input end of the
analog-to-digital converter, respectively; an output end
of the analog-to-digital converter is connected to an input
end of the digital signal processor; the second operation-
al amplifier is configured to amplify the infrared learning
signal; the analog-to-digital converter is configured to
convert the infrared learning signal into a digital learning
signal; and the digital signal processor is further config-
ured to calculate the envelope length and the carrier fre-
quency of the infrared learning signal according to the
digital learning signal.
[0011] In an implementation, the infrared remote con-
trol parameter includes an envelope length and a carrier
frequency, and the audio codec chip is further configured

to: calculate first level duration and second level duration
of an infrared remote control signal according to the en-
velope length, and calculate a carrier period according
to the carrier frequency; calculate, according to the first
level duration and the carrier period, a quantity of carrier
periods that need to be sent in the first level duration; if
the quantity of the carrier periods that need to be sent in
the first level duration is a non-integer, round up the quan-
tity of the carrier periods, and add a corresponding zero-
fill time after the first level duration, where a length of the
zero-fill time is equal to a length by which a rounded-up
quantity of carrier periods exceeds the quantity of the
carrier periods that need to be sent in the first level du-
ration; and subtract the zero-fill time from the second
level duration, and calculate, according to a length of
second level duration obtained after the zero-fill time is
subtracted, a quantity of zero levels that need to be sent
in the second level duration.
[0012] When the quantity of the carrier periods that
need to be sent in the first level duration is a non-integer,
the quantity of the carrier periods is rounded up to obtain
an integer, and the zero-fill time corresponding to a
length, by which a rounded-up quantity of the carrier pe-
riods exceeds the quantity of the carrier periods that need
to be sent in the first level duration, is added after the
first level duration. This ensures that the first level dura-
tion plus the zero-fill time is exactly an integer multiple
of the carrier period, so as to prevent occurrence of an
accumulative error.
[0013] In an implementation, the audio codec chip is
further configured to: generate multiple consecutive car-
rier points in the first level duration and the zero-fill time,
where two adjacent carrier points are separated by one
carrier period; generate multiple consecutive zero level
points in the second level duration obtained after the ze-
ro-fill time is subtracted; and generate, according to the
multiple consecutive carrier points and the multiple con-
secutive zero level points, the infrared remote control sig-
nal corresponding to the infrared remote control param-
eter.
[0014] In an implementation, the audio codec chip is
further configured to: sample the infrared learning signal
by using a first sampling frequency, to obtain a first sam-
pled signal, and down-sample the first sampled signal by
using a second sampling frequency, to obtain a second
sampled signal; and calculate the envelope length of the
infrared learning signal according to the second sampled
signal, and calculate first level duration and second level
duration of the infrared learning signal according to the
envelope length, where the first sampling frequency is a
maximum sampling frequency of the audio codec chip,
and the second sampling frequency is less than the first
sampling frequency.
[0015] An envelope of the infrared learning signal is a
low frequency signal, and a relatively low sampling fre-
quency can meet a signal restoration requirement.
Therefore, when the envelope length of the infrared
learning signal is calculated, the first sampled signal may
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be down-sampled by using the lower second sampling
frequency, so as to obtain the second sampled signal,
and then, the second sampled signal is processed by
using the audio codec chip, so as to calculate the enve-
lope length. Compared with the solution in which the en-
velope length is directly calculated by using the first sam-
pled signal, this solution can effectively reduce a signal
processing load of the audio codec chip and reduce pow-
er consumption for infrared learning.
[0016] In an implementation, the audio codec chip is
further configured to: sample the infrared learning signal
by using a first sampling frequency, to obtain a first sam-
pled signal; search in a preset time window to find wheth-
er there are consecutive high level sampling points in the
first sampled signal; if there are consecutive high level
sampling points, calculate a carrier frequency in the pre-
set time window according to the first sampled signal;
and sequentially calculate carrier frequencies in multiple
consecutive preset time windows, and determine the car-
rier frequency of the infrared learning signal according
to the carrier frequencies in the multiple consecutive pre-
set time windows.
[0017] A search is performed based on the preset time
window, to find a high level sampling point in the first
sampled signal. If there are consecutive high level sam-
pling points in the first sampled signal, the carrier fre-
quency in the preset time window is calculated according
to the first sampled signal in the preset time window. The
carrier frequency of the infrared learning signal is deter-
mined by sequentially calculating the carrier frequencies
in the multiple consecutive preset time windows. This
effectively reduces operational resource consumption
during carrier learning, and helps to improve carrier learn-
ing efficiency.
[0018] In an implementation, the audio codec chip is
further configured to: search, in the preset time window
according to a preset search spacing, to find whether
there is a high level sampling point in the first sampled
signal; and if there is a high level sampling point, search
in a first preset range including the high level sampling
point, to find whether there are consecutive high level
sampling points.
[0019] A search is performed in the first preset range
including the high level sampling point, to find whether
there are consecutive high level sampling points. This
can effectively prevent noise signal interference, exclude
a case in which the high level sampling point is a noise
signal, and ensure reliability of carrier frequency learning.
[0020] In an implementation, the audio codec chip is
further configured to calculate, according to the first sam-
pled signal, a carrier frequency of the infrared learning
signal in the preset time window in a second preset range
including the high level sampling point, where the second
preset range includes the first preset range.
[0021] A second aspect of the embodiments of the
present invention provides a terminal, including a mem-
ory and the infrared remote control apparatus according
to any one of the first aspect of the embodiments of the

present invention or the implementations thereof, where
the memory is coupled to an audio codec chip and is
configured to store an infrared remote control parameter
of the infrared remote control apparatus.
[0022] In an implementation, the memory is further
configured to: when the infrared remote control appara-
tus obtains an infrared learning signal by using an infrared
transmitter, and obtains, by means of calculation, an en-
velope length and a carrier frequency of the infrared
learning signal, store the envelope length and the carrier
frequency of the infrared learning signal as the infrared
remote control parameter of the infrared remote control
apparatus.
[0023] According to the infrared remote control appa-
ratus and the terminal provided in the embodiments of
the present invention, both transmitting of the infrared
remote control signal and receiving of the infrared learn-
ing signal are implemented by means of differential trans-
mission. Therefore, an anti-interference capability
against a noise signal is strong, an EMI anti-interference
device such as a magnetic bead and a filter capacitor
can be saved, and an area occupied by the infrared re-
mote control circuit on a board is reduced. In addition, a
DSP resource inside the audio codec chip of an audio
frequency circuit is directly used to process the infrared
remote control signal and the infrared learning signal,
and an independent infrared codec chip is not required.
This can effectively reduce costs for implementing infra-
red remote control. In addition, because a differential sig-
nal can directly drive the infrared transmitter, there is no
need to set an independent power supply for the infrared
transmitter. This helps to further reduce generation costs.

BRIEF DESCRIPTION OF DRAWINGS

[0024] To describe the technical solutions in the em-
bodiments of the present invention more clearly, the fol-
lowing briefly describes the accompanying drawings re-
quired for describing the embodiments.

FIG. 1 is a schematic structural diagram of a terminal
according to an embodiment of the present inven-
tion;
FIG. 2 is a first schematic structural diagram of an
infrared remote control apparatus according to an
embodiment of the present invention;
FIG. 3 is a schematic structural diagram of a transfer
switch of an infrared remote control apparatus ac-
cording to an embodiment of the present invention;
FIG. 4 is a second schematic structural diagram of
an infrared remote control apparatus according to
an embodiment of the present invention;
FIG. 5 is a schematic structural diagram of a first
operational amplifier of an infrared remote control
apparatus according to an embodiment of the
present invention;
FIG. 6 is a schematic structural diagram of a second
operational amplifier of an infrared remote control
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apparatus according to an embodiment of the
present invention;
FIG. 7 is a third schematic structural diagram of an
infrared remote control apparatus according to an
embodiment of the present invention;
FIG. 8 is a schematic structural diagram of a circuit
of an infrared remote control apparatus according to
an embodiment of the present invention; and
FIG. 9 is a schematic waveform diagram of an infra-
red remote control signal of an infrared remote con-
trol apparatus according to an embodiment of the
present invention.

DESCRIPTION OF EMBODIMENTS

[0025] The following describes the embodiments of the
present invention with reference to accompanying draw-
ings.
[0026] In the embodiments of the present invention, an
audio frequency circuit of a terminal is used to generate
an infrared remote control signal and process an infrared
learning signal, so as to reduce costs for implementing
self-learning infrared remote control on the terminal and
improve anti-interference performance of the infrared re-
mote control signal. It can be understood that the terminal
may be but is not limited to a mobile phone, a tablet com-
puter, a personal digital assistant (Personal Digital As-
sistant, PDA), a point of sales (Point of Sales, POS), an
in-vehicle computer, and the like. In this embodiment,
the mobile phone is used as an example of the terminal
for describing a structure and a function of the terminal.
[0027] Referring to FIG. 1, an embodiment of the
present invention provides a terminal 100, including com-
ponents such as an RF (Radio Frequency, radio frequen-
cy) circuit 110, a memory 120, a display screen 130, an
audio frequency circuit 140, a processor 150, and a pow-
er supply 160. A person skilled in the art can understand
that a structure of the terminal shown in FIG. 1 does not
constitute a limitation on the terminal, and the terminal
may include more or fewer components than those
shown in the figure, or a combination of some compo-
nents, a part of some components, or components dis-
posed differently.
[0028] The RF circuit 110 may be configured to: re-
ceive and send information, or receive and send a signal
during a call, and in particular, after receiving downlink
information of a base station, send the downlink informa-
tion to the processor 150 for processing; and send related
uplink data to the base station. The memory 120 may be
configured to store a software program and a module.
The processor 150 runs the software program and the
module that are stored in the memory 120, so as to ex-
ecute various functions and applications of the terminal
100 and data processing. The memory 120 may mainly
include a program storage area and a data storage area.
The program storage area may store an operating sys-
tem, an application program required by at least one func-
tion (for example, a sound playback function and an in-

frared remote control function), and the like. The data
storage area may store data (for example, audio data
and an infrared code word) created according to usage
of the terminal 100.
[0029] The display screen 130 may be configured to
display information entered by a user or information pro-
vided for a user and various menus (for example, an in-
frared remote control menu) of the terminal 100; and may
also receive a user input. Specifically, the display screen
130 may include a display panel 131 and a touch panel
132. The display panel 131 may be configured in a form
of an LCD (Liquid Crystal Display, liquid crystal display),
an OLED (Organic Light-Emitting Diode, organic light-
emitting diode), or the like. The touch panel 132, also
referred to as a touchscreen, a touch-sensitive screen,
or the like, may collect a touch or non-touch operation
performed by a user on or near the touch panel 132 (for
example, an operation performed on or near the touch
panel 132 by the user by using a finger, a stylus, or any
other suitable object or accessory; and a motion sensing
operation may also be included, where the operation in-
cludes a single-point control operation, a multi-point con-
trol operation, and other types of operations), and drive
a corresponding connection apparatus according to a
preset program.
[0030] The audio frequency circuit 140, a loudspeaker
141, and a microphone 142 may provide an audio inter-
face between the user and the terminal 100. The audio
frequency circuit 140 may transmit, to the loudspeaker
141, a signal that is obtained by converting received au-
dio data. The loudspeaker 141 converts the signal into a
sound signal and outputs the sound signal. In addition,
the microphone 142 converts a collected sound signal
into an electrical signal. The audio frequency circuit 140
receives the electrical signal, converts the electrical sig-
nal into audio data, and outputs the audio data to the RF
circuit 110, to send the audio data to, for example, an-
other terminal, or outputs the audio data to the memory
120 for further processing.
[0031] An infrared transmitter 25 is connected to an
audio output port or audio input port of the audio frequen-
cy circuit 140 by using a transfer switch (not shown in
the figure). If the infrared transmitter 25 changes to be
connected to the audio output port of the audio frequency
circuit 140, that is, a differential audio output channel of
the audio frequency circuit 140 is reused, an infrared re-
mote control signal may be generated by using the audio
frequency circuit 140, and the infrared transmitter 25 is
driven by means of differential output to transmit the in-
frared remote control signal. If the infrared transmitter 25
changes to be connected to the audio input port of the
audio frequency circuit 140, that is, a differential audio
input channel of the audio frequency circuit 140 is reused,
an infrared learning signal formed by the infrared trans-
mitter 25 by means of photoelectric sensing may be input
to the audio frequency circuit 140 by using the differential
audio input channel, and the infrared learning signal is
processed by using the audio frequency circuit 140, so
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that an envelope length and a carrier frequency of the
infrared learning signal is obtained, and learning on an
infrared remote control code word is implemented.
[0032] The processor 150, a control center of the ter-
minal 100, is connected to various parts of the entire ter-
minal by using various interfaces and lines, and executes
various functions of the terminal 100 and processes data
by running or executing the software program and/or the
module stored in the memory 120 and invoking data
stored in the memory 120, so as to perform overall mon-
itoring on the terminal. Optionally, the processor 150 may
include one or more processing units. An application
processor and a modem processor may be integrated in
the processor 150. The application processor mainly
processes an operating system, a user interface, an ap-
plication program, and the like. The modem processor
mainly handles wireless communication.
[0033] In this embodiment, the processor 150 is further
configured to obtain an infrared remote control parame-
ter, and send the infrared remote control parameter to
an audio codec chip of the audio frequency circuit 140.
The infrared remote control parameter includes an en-
velope length and a carrier frequency of the infrared re-
mote control signal. The infrared remote control param-
eter may be prestored in the memory 120, or a preset
infrared code library may be stored in the memory 120,
and the infrared code library may include infrared code
words corresponding to several infrared remote control-
lers of known models. The terminal 100 may have an
infrared remote control mode and an infrared learning
mode. The display screen 130 may display the infrared
remote control menu. The user may use the infrared re-
mote control menu to switch a working mode of the ter-
minal 100 between the infrared remote control mode and
the infrared learning mode.
[0034] In the infrared remote control mode, the user
may select a corresponding target infrared remote con-
troller model by using the infrared remote control menu,
and trigger the processor 150 to read, from the memory
120, an infrared remote control parameter corresponding
to the target infrared remote controller model and send
the infrared remote control parameter to the audio codec
chip of the audio frequency circuit 140, so that an infrared
remote control signal is generated by using the audio
codec chip of the audio frequency circuit 140, and the
infrared transmitter 25 is driven by means of differential
output to transmit the infrared remote control signal. It
can be understood that the audio codec chip of the audio
frequency circuit 140 may directly read the infrared code
word corresponding to the target infrared remote control-
ler model from the memory 120, then obtain the infrared
remote control parameter according to the infrared code
word, and generate the infrared remote control signal
according to the infrared remote control parameter.
[0035] In the infrared learning mode, the audio codec
chip of the audio frequency circuit 140 may read, by using
the differential audio input channel, the infrared learning
signal formed by the infrared transmitter 25, complete

processing on the infrared learning signal by using the
audio frequency circuit 140, obtain an envelope length
and a carrier frequency of the infrared learning signal,
and use the envelope length and the carrier frequency
of the infrared learning signal as the envelope length and
the carrier frequency of the infrared remote control signal,
respectively. In addition, the envelope length and the car-
rier frequency of the infrared learning signal may be
stored in the memory 120, so as to implement learning
on the infrared remote control code word.
[0036] In addition, the terminal 100 may further include
the power supply 160 (for example, a battery) that sup-
plies power to each component. The power supply may
be logically connected to the processor 150 by using a
power management system, so as to implement func-
tions such as charge management, discharge manage-
ment, and power consumption management by using the
power management system. It can be understood that
the terminal 100 may further include a camera, a Blue-
tooth module, and the like, and details are not described
herein again.
[0037] Referring to FIG. 2, an embodiment of the
present invention provides an infrared remote control ap-
paratus 20 reusing an audio frequency circuit. The ap-
paratus includes an audio codec chip 21, a transfer switch
23, and an infrared transmitter 25. The audio codec chip
21 includes a pair of differential output pins RCV_P and
RCV_N and a pair of differential input pins MIC_P and
MIC_N. The infrared transmitter 25 is connected to the
differential output pins RCV_P and RCV_N or the differ-
ential input pins MIC_P and MIC_N by using the transfer
switch 23. The audio codec chip 21 is configured to obtain
an infrared remote control parameter, generate an infra-
red remote control signal according to the infrared remote
control parameter, and drive the infrared transmitter 25
by using the differential output pins RCV_P and RCV_N
to transmit the infrared remote control signal. The infrared
transmitter 25 is further configured to obtain an infrared
learning signal. The audio codec chip 21 is further con-
figured to read the infrared learning signal by using the
differential input pins MIC_P and MIC_N, and calculate
an envelope length and a carrier frequency of the infrared
learning signal.
[0038] In the infrared remote control apparatus 20,
both transmitting of the infrared remote control signal and
receiving of the infrared learning signal are implemented
by means of differential transmission, and an anti-inter-
ference capability against a noise signal is strong. This
helps to improve remote control and learning perform-
ance of the infrared remote control apparatus 20. In ad-
dition, the audio codec chip 21 is also used to process
the infrared remote control signal and the infrared learn-
ing signal, and an independent infrared codec chip is not
required. This can effectively reduce costs for implement-
ing infrared remote control. Moreover, a differential signal
can directly drive the infrared transmitter 25, and there
is no need to provide an independent power supply for
the infrared transmitter 25. This helps to further reduce
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generation costs.
[0039] Specifically, the audio codec chip 21 may be an
audio codec chip included in the audio frequency circuit
140 of the terminal 100. The differential output pins
RCV_P and RCV_N are further configured to be con-
nected to a loudspeaker 141 by using an earphone switch
22, to drive, by using an audio differential signal, the loud-
speaker 141 to sound. The differential input pins MIC_P
and MIC_N are further configured to be connected to a
microphone 142, to receive an audio differential signal
collected by the microphone 142. The earphone switch
22 and the transfer switch 23 may be connected to a
general purpose input/output (General Purpose In-
put/Output, GPIO) port of the processor 150 of the ter-
minal 100, so that an on/off status is changed according
to a change of a GPIO output level of the processor 150,
and the audio codec chip 21 is configured on an audio
input/output channel or an infrared remote control chan-
nel.
[0040] In this embodiment, the configuring the audio
codec chip 21 on an audio input/output channel means
that: The processor 150 controls the earphone switch 22
to be switched on, so that a positive input end and a
negative input end of the loudspeaker 141 are connected
to the differential output pins RCV_P and RCV_N, re-
spectively; and controls the transfer switch 23 to discon-
nect the infrared transmitter 25 from the differential output
pins RCV_P and RCV_N and the differential input pins
MIC_P and MIC_N. The configuring the audio codec chip
21 on an infrared remote control channel means that:
The processor controls the earphone switch 22 to be
switched off, and controls the transfer switch 23 to con-
nect the infrared transmitter 25 to the differential output
pins RCV_P and RCV_N or the differential input pins
MIC_P and MIC_N. The infrared transmitter 25 includes
a positive pole IR_P and a negative pole IR_N. If the
positive pole IR_P and the negative pole IR_N of the
infrared transmitter 25 are connected to the differential
output pins RCV_P and RCV_N, respectively, an infrared
transmitting channel is formed. If the positive pole IR_P
and the negative pole IR_N of the infrared transmitter 25
are connected to the differential input pins MIC_P and
MIC_N, respectively, an infrared learning channel is
formed.
[0041] Referring to FIG. 3, the transfer switch 23 in-
cludes a first input pin NO1, a second input pin NO2, a
first output pin NC1, a second output pin NC2, a first
input/output pin COM1, a second input/output pin COM2,
control pins INT1 and INT2, a power-supply pin VCC,
and a grounding pin GND.
[0042] The first input pin NO1 is connected to a positive
pin RCV_P of the differential output pins, and the second
input pin NO2 is connected to a negative pin RCV_N of
the differential output pins. The first output pin NC1 is
connected to a positive pin MIC_P of the differential input
pins, and the second output pin NC2 is connected to a
negative pin MIC_N of the differential input pins. The first
input/output pin COM1 is connected to the positive pole

IR_P of the infrared transmitter 25, and the second in-
put/output pin COM2 is connected to the negative pole
IR_N of the infrared transmitter 25.
[0043] The control pins INT1 and INT2 are configured
to be connected to the GPIO of the processor 150, to
receive a switching control signal output by the GPIO.
The switching control signal is used to control the transfer
switch 23 to connect the first input/output pin COM1 and
the second input/output pin COM2 to the first input pin
NO1 and the second input pin NO2, respectively, or to
connect the first input/output pin COM1 and the second
input/output pin COM2 to the first output pin NC1 and the
second output pin NC2, respectively. The power-supply
pin VCC is configured to input a power signal, and the
grounding pin GND is configured to ground.
[0044] Referring to FIG. 4, the audio codec chip 21
further includes a digital signal processor DSP, a digital-
to-analog converter DAC, a first operational amplifier A1,
a second operational amplifier A2, and an analog-to-dig-
ital converter ADC. A structure of the first operational
amplifier A1 is shown in FIG. 5, and a structure of the
second operational amplifier A2 is shown in FIG. 6.
[0045] An output end of the digital signal processor
DSP is connected to an input end of the digital-to-analog
converter DAC. A positive differential signal output end
DAC_P and a negative differential signal output end
DAC_N of the digital-to-analog converter DAC are con-
nected to a positive input end and a negative input end
of the first operational amplifier A1, respectively. The pos-
itive input end and the negative input end of the first op-
erational amplifier A1 are connected to a positive output
end and a negative output end of the first operational
amplifier A1 by using a first resistor R1 and a second
resistor R2, respectively. The positive output end and the
negative output end of the first operational amplifier A1
are connected to the positive pin RCV_P and the negative
pin RCV_N of the differential output pins, respectively.
[0046] The digital signal processor DSP is configured
to generate a digital modulation signal according to the
infrared remote control parameter. The digital-to-analog
converter DAC is configured to convert the digital mod-
ulation signal into a pair of differential infrared remote
control signals. The first operational amplifier A1 is con-
figured to amplify the differential infrared remote control
signals, and drive the infrared transmitter 25 by using the
differential infrared remote control signals.
[0047] In this embodiment, the memory 120 is coupled
to the audio codec chip 21. Envelope lengths and carrier
frequencies of an infrared remote control signal that are
corresponding to several infrared remote controllers of
known models may be stored in the memory 120. An
infrared remote control program may be installed in and
run on the terminal 100. A user may select a correspond-
ing remote controller model by using the infrared remote
control program, and send the selected remote controller
model to the audio codec chip 21 by using the infrared
remote control program. The audio codec chip 21 may
obtain a corresponding envelope length and a corre-
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sponding carrier frequency of the infrared remote control
signal from the memory 120 according to the remote con-
troller model, so that the DSP of the audio codec chip 21
calculates, according to the envelope length and the car-
rier frequency, a quantity of carrier periods that need to
be sent in high level duration of the infrared remote con-
trol signal and a quantity of zero levels that need to be
sent in low level duration, and generates a digital mod-
ulation signal according to the quantity of carrier periods
that need to be sent in the high level duration and the
quantity of zero levels that need to be sent in the low
level duration. The digital modulation signal is a digital
sequence including several carrier periods and several
zero levels. Further, the audio codec chip 21 converts
the digital modulation signal into a pair of differential in-
frared remote control signals by using the built-in digital-
to-analog converter DAC, and amplifies the differential
infrared remote control signals by using the first opera-
tional amplifier A1, so as to drive the infrared transmitter
25 to transmit the infrared remote control signal.
[0048] A positive input end and a negative input end
of the second operational amplifier A2 are connected to
the positive pin MIC_P and the negative pin MIC_N of
the differential input pins by using a third resistor R3 and
a fourth resistor R4, respectively. The positive input end
and the negative input end of the second operational am-
plifier A2 are also connected to a positive output end and
a negative output end of the second operational amplifier
A2 by using a fifth resistor R5 and a sixth resistor R6,
respectively. The positive output end and the negative
output end of the second operational amplifier A2 are
connected to a positive differential signal input end
ADC_P and a negative differential signal input end
ADC_N of the analog-to-digital converter ADC, respec-
tively. An output end of the analog-to-digital converter
ADC is connected to an input end of the digital signal
processor DSP.
[0049] The second operational amplifier A2 is config-
ured to amplify the infrared learning signal. The analog-
to-digital converter ADC is configured to convert the in-
frared learning signal into a digital learning signal. The
digital signal processor DSP is further configured to cal-
culate the envelope length and the carrier frequency of
the infrared learning signal according to the digital learn-
ing signal.
[0050] Referring to FIG. 7, an embodiment of the
present invention provides an infrared remote control ap-
paratus 20’ reusing an audio frequency circuit. The infra-
red remote control apparatus 20’ includes an audio codec
chip 21’, a transfer switch 23, and an infrared transmitter
25. A difference between the infrared remote control ap-
paratus 20’ and the infrared remote control apparatus 20
provided in the embodiment in FIG. 4 lies only in that:
The earphone switch 22 and the transfer switch 23 are
integrated in the audio codec chip 21’; the positive output
end and the negative output end of the first operational
amplifier A1 are respectively connected to the positive
pin RCV_P and the negative pin RCV_N of the differential

output pins by using the earphone switch 22; and the
infrared transmitter 25 is connected to the positive output
end and the negative output end of the first operational
amplifier A1 (that is, differential output pins RCV_P and
RCV_N of the audio codec chip 21’) or the positive input
end and the negative input end of the second operational
amplifier A2 (that is, differential input pins MIC_P and
MIC_N of the audio codec chip 21’) by using the transfer
switch 23. It can be understood that, for specific struc-
tures and functions of the transfer switch 23, reference
may be made to the related description in the embodi-
ment shown in FIG. 3, and details are not described here-
in again.
[0051] Referring to FIG. 8, FIG. 8 shows a circuit struc-
ture of the infrared remote control apparatus 20 reusing
an audio frequency circuit according to an embodiment
of the present invention. For a structure of the audio co-
dec chip 21, reference may be made to the descriptions
of the embodiments shown in FIG. 4 to FIG. 6. For a
structure of the transfer switch 23, reference may be
made to the descriptions of the embodiment shown in
FIG. 3. Details are not described herein again. The pow-
er-supply pin VCC of the transfer switch 23 may be con-
nected to the power supply 160 of the terminal shown in
FIG. 1, and grounded by using a capacitor C1, so as to
perform filtering on a power signal input to the power-
supply pin VCC. The first input/output pin COM1 of the
transfer switch 23 is connected to the positive pole IR_P
of the infrared transmitter 25, and the second input/output
pin COM2 is connected to the negative pole IR_N of the
infrared transmitter 25. The control pins INT1 and INT2
are connected and connected together to the GPIO of
the processor 150 of the terminal 100 shown in FIG. 1,
so as to control, according to a switching control signal
output from the GPIO, the transfer switch 23 to connect
an infrared remote control channel or an infrared learning
channel.
[0052] In this embodiment, the infrared remote control
parameter includes an envelope length and a carrier fre-
quency. When the transfer switch 23 is switched to con-
nect the infrared remote control channel, the audio codec
chip 21 is further configured to:

calculate first level duration and second level dura-
tion of an infrared remote control signal according to
the envelope length, and calculate a carrier period
according to the carrier frequency; calculate, accord-
ing to the first level duration and the carrier period,
a quantity of carrier periods that need to be sent in
the first level duration; if the quantity of the carrier
periods that need to be sent in the first level duration
is a non-integer, round up the quantity of the carrier
periods, and add a corresponding zero-fill time to the
first level duration, where a length of the zero-fill time
is equal to a length by which a rounded-up quantity
of carrier periods exceeds the quantity of the carrier
periods that need to be sent in the first level duration;
and subtract the zero-fill time from the second level
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duration, and calculate, according to a length of sec-
ond level duration obtained after the zero-fill time is
subtracted, a quantity of zero levels that need to be
sent in the second level duration.

[0053] Specifically, the infrared remote control param-
eter may be set by infrared remote control software run-
ning on the terminal 100. For example, infrared remote
control parameters corresponding to infrared remote
controllers of different models may be prestored in the
memory 120 of the terminal 100. A user may select a
corresponding remote controller model by using the in-
frared remote control software, and then the processor
150 reads a corresponding infrared remote control pa-
rameter according to the remote controller model and
sends the infrared remote control parameter to the audio
codec chip 21.
[0054] The envelope length may include high level
(logic 1) duration and low level (logic 0) duration of the
infrared remote control signal. The high level duration
may include specific first level duration and specific sec-
ond level duration. The low level duration may similarly
include specific first level duration and specific second
level duration. The first level duration may include multi-
ple carrier periods. The second level duration may in-
clude multiple zero levels. It can be understood that high
levels and low levels of infrared remote controllers of dif-
ferent models may be corresponding to different first level
durations and different second level durations. As shown
in FIG. 9, a high level duration of the infrared remote
control signal may be 1.8 milliseconds (ms), including a
1.2 ms first level duration and a 600-microsecond (ms)
second level duration; and a low level duration may be
1.2 ms, including a 600 ms first level duration and a 600
ms second level duration.
[0055] It can be understood that a carrier frequency of
the infrared remote control signal may be any value rang-
ing from 22 kHz to 56 kHz. After the carrier frequency of
the infrared remote control signal, the first level duration
and the second level duration corresponding to the high
level, and the first level duration and the second level
duration corresponding to the low level that need to be
generated are obtained, if the quantity of carrier periods
that need to be sent in the first level duration is a non-
integer, that is, the first level duration is not divisible by
a carrier period, the quantity of the carrier periods is
rounded up, and a corresponding zero-fill time is added
after the first level duration, so as to ensure that the quan-
tity of the carrier periods sent in the first level duration is
an integer, and an accumulative error is prevented. A
length of the zero-fill time is equal to a length by which a
rounded-up quantity of carrier periods exceeds the quan-
tity of the carrier periods sent in the first level duration.
For example, in an RCMM protocol, the first first level
duration is 211 microseconds (ms), a carrier frequency
is 36 kHz, and one carrier period is 27.8 m s. The first
level duration 211 ms includes 7.59 carrier periods, that
is, the first level duration is not divisible by the carrier

period. In this case, the quantity of the carrier periods is
rounded up to obtain eight carrier periods, and a corre-
sponding zero-fill time is added after the first level dura-
tion. A length of the zero-fill time is equal to a length by
which a rounded-up quantity of carrier periods exceeds
the quantity of carrier periods included in the first level
duration, that is, a length of 0.41 carrier period: 0.41 x
27.8 ms = 11.398 ms.
[0056] The zero-fill time is added after the first level
duration, and the zero-fill time actually occupies a part
of the second level duration immediately following the
first level duration. Therefore, to ensure that a generated
infrared modulation signal fully matches a desired infra-
red modulation signal, the zero-fill time needs to be sub-
tracted from the second level duration, and the quantity
of zero levels that need to be sent in the second level
duration is calculated according to a length of second
level duration obtained after the zero-fill time is subtract-
ed.
[0057] After the quantity of carrier periods that need to
be sent in the first level duration, the zero-fill time, and
the quantity of zero levels that need to be sent in the
second level duration are determined, the audio codec
chip is further configured to:

generate multiple consecutive carrier points in the
first level duration and the zero-fill time, where two
adjacent carrier points are separated by one carrier
period; generate multiple consecutive zero level
points in the second level duration obtained after the
zero-fill time is subtracted; and generate, according
to the multiple consecutive carrier points and the
multiple consecutive zero level points, the infrared
remote control signal corresponding to the infrared
remote control parameter.

[0058] In this embodiment, when the quantity of the
carrier periods that need to be sent in the first level du-
ration is a non-integer, the quantity of the carrier periods
is rounded up to obtain an integer, and the zero-fill time
corresponding to a length, by which the rounded-up
quantity of the carrier periods exceeds the quantity of the
carrier periods that need to be sent in the first level du-
ration, is added after the first level duration. This ensures
that the first level duration plus the zero-fill time is exactly
an integer multiple of the carrier period, so as to prevent
occurrence of an accumulative error.
[0059] When the transfer switch 23 is switched to con-
nect an infrared learning channel, the audio codec chip
21 is further configured to:

sample the infrared learning signal by using a first
sampling frequency, to obtain a first sampled signal,
and down-sample the first sampled signal by using
a second sampling frequency, to obtain a second
sampled signal; and calculate an envelope length of
the infrared learning signal according to the second
sampled signal, and calculate first level duration and
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second level duration of the infrared learning signal
according to the envelope length, where the first
sampling frequency is a maximum sampling fre-
quency of the audio codec chip, and the second sam-
pling frequency is less than the first sampling fre-
quency.

[0060] Specifically, when the infrared learning channel
is connected, the infrared transmitter 25 may obtain a
corresponding infrared learning signal by means of a
photoelectric effect, the infrared learning signal is input
to the audio codec chip 21 by using both the differential
audio input pins MIC_P and MIC_N of the terminal 100,
and the audio codec chip 21 samples and processes the
infrared learning signal. In this embodiment, the first sam-
pling frequency is a maximum sampling frequency sup-
ported by the terminal 100, for example, 6.144 MHz, and
the second sampling frequency may be an audio sam-
pling frequency of the terminal 100, for example, 192 kHz.
[0061] It can be understood that during infrared learn-
ing, to accurately obtain the envelope length and the car-
rier frequency of the infrared learning signal, it is required
to use a high-powered oversampling frequency to sample
the infrared learning signal, so as to ensure data accu-
racy. However, in the embodiments of the present inven-
tion, the DSP in the audio codec chip 21 of the terminal
100 is used to process the infrared learning signal. There-
fore, if the sampling frequency of 6.144 MHz is directly
used, an excessively large quantity of operational re-
sources are required for processing the infrared learning
signal, and the DSP in the audio codec chip 21 may not
satisfy this requirement. Therefore, in this embodiment,
infrared remote control signal learning is divided into two
parts: envelope learning and carrier learning, which are
completed by using an envelope learning algorithm and
a carrier learning algorithm, respectively. Because an en-
velope of the infrared learning signal is a low frequency
signal, a sampling frequency of 192 kHz can satisfy a
signal reconstruction requirement. In addition, down-
sampling can reduce the required operational resources
of the audio codec chip 21, and reduce power consump-
tion of the infrared remote control apparatus. In this em-
bodiment, to increase an infrared learning distance of the
infrared remote control apparatus, a gain of the second
operational amplifier A2 may be adjusted to 50 dB, and
a corresponding infrared learning distance can be up to
1.4 meters.
[0062] In this embodiment, after the envelope learning
algorithm detects that there is valid envelope data, the
carrier learning algorithm is started after a preset time
period, so that carrier learning starts. Infrared learning
duration may be 2 seconds, and the preset time period
may be 250 ms.
[0063] During the carrier learning, the audio codec chip
21 is further configured to: sample the infrared learning
signal by using a first sampling frequency, to obtain a
first sampled signal; search in a preset time window to
find whether there are consecutive high level sampling

points in the first sampled signal; if there are consecutive
high level sampling points, calculate a carrier frequency
in the preset time window according to the first sampled
signal; and sequentially calculate carrier frequencies in
multiple consecutive preset time windows, and deter-
mine the carrier frequency of the infrared learning signal
according to the carrier frequencies in the multiple con-
secutive preset time windows.
[0064] The carrier frequency of the infrared remote
control signal may be any value ranging from 22 kHz to
56 kHz. Therefore, for carrier learning, an oversampling
frequency of 6.144 MHz needs to be used to ensure ac-
curacy of the sampled signal. In this embodiment, the
preset time window may be 2 ms, and a quantity of sam-
pling points in each preset time window is 6.144M 3
0.002=12288. If the sampling points are traversed one
by one in each preset time window to detect whether
there are consecutive high level sampling points, 3.7 ms
is required to complete detection in each preset time win-
dow, exceeding the window duration of 2 ms.
[0065] It can be understood that a carrier frequency
ranges from 22 kHz to 56 kHz, and a carrier period ranges
from 45 ms to 17.9 ms, that is, a quantity of sampling
points in each carrier period ranges from 109.98 to
276.48. It is assumed that a duty cycle of a carrier is
33.3%, one high level sampling point is included in at
least 30 sampling points. Therefore, in this embodiment,
a search may be performed according to a preset search
spacing, to find whether there is a high level sampling
point in the first sampled signal; if there is a high level
sampling point, a search is performed in a first preset
range including the high level sampling point, to find
whether there are consecutive high level sampling points.
The preset search spacing may be 20 to 30 sampling
points. If a high level sampling point is found in the first
sampled signal, to eliminate possible noise, a search is
further performed in the first preset range including the
high level sampling point, to find whether there are con-
secutive high level sampling points. For example, the first
preset range may cover the high level sampling point,
five sampling points obtained before the high level sam-
pling point, and five sampling points obtained after the
high level sampling point. If there are consecutive high
level sampling points, the signal can be determined as a
carrier signal.
[0066] After the signal is determined as a carrier signal,
the audio codec chip is further configured to:

calculate, according to the first sampled signal, a car-
rier frequency of the infrared learning signal in the
preset time window in a second preset range includ-
ing the high level sampling point, where the second
preset range includes the first preset range.

[0067] In this embodiment, the second preset range
may be 100 sampling points obtained before the high
level sampling point and 300 sampling points obtained
after the high level sampling point. After the carrier fre-
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quency of the infrared learning signal in the preset time
window is calculated, remaining data in the preset time
window may be discarded, and next three to five 2 ms
preset time windows may be selected for calculating the
carrier frequency of the infrared learning signal. It can be
understood that, in this embodiment, because carrier
learning starts in 250 ms after the valid envelope data is
detected in the envelope learning, data in the first preset
time window may be exactly a low level signal or a high
level signal including some noise. In this case, the data
in the preset time window may be directly discarded, and
data in a next preset time window is processed.
[0068] In the infrared remote control apparatus in
which the audio frequency circuit is also used in the em-
bodiments of the present invention, both transmitting of
the infrared remote control signal and receiving of the
infrared learning signal are implemented by means of
differential transmission. Therefore, an anti-interference
capability against a noise signal is strong, an EMI anti-
interference device such as a magnetic bead and a filter
capacitor can be saved, and an area occupied by the
infrared remote control circuit on a board is reduced. In
addition, a DSP resource inside the audio codec chip of
an audio frequency circuit is directly used to process the
infrared remote control signal and the infrared learning
signal, and an independent infrared codec chip is not
required. This can effectively reduce costs for implement-
ing infrared remote control. In addition, because a differ-
ential signal can directly drive the infrared transmitter,
there is no need to set an independent power supply for
the infrared transmitter. This helps to further reduce gen-
eration costs.

Claims

1. An infrared remote control apparatus, comprising an
audio codec chip, a transfer switch, and an infrared
transmitter, wherein
the audio codec chip comprises a pair of differential
output pins, and the infrared transmitter is connected
to the differential output pins by using the transfer
switch; and
the audio codec chip is configured to: obtain an in-
frared remote control parameter, wherein the infra-
red remote control parameter comprises an enve-
lope length and a carrier frequency of an infrared
remote control signal; generate the infrared remote
control signal according to the envelope length and
the carrier frequency; and when the transfer switch
sets up a connection between the infrared transmit-
ter and the differential output pins, drive, by using
the differential output pins, the infrared transmitter
to transmit the infrared remote control signal.

2. The infrared remote control apparatus according to
claim 1, wherein the audio codec chip further com-
prises a pair of differential input pins, and the infrared

transmitter is also connected to the differential input
pins by using the transfer switch; and
the infrared transmitter is further configured to obtain
an infrared learning signal; and the audio codec chip
is further configured to: when the transfer switch sets
up a connection between the infrared transmitter and
the differential input pins, read the infrared learning
signal by using the differential input pins, calculate
an envelope length and a carrier frequency of the
infrared learning signal, and use the envelope length
and the carrier frequency of the infrared learning sig-
nal as the envelope length and the carrier frequency
of the infrared remote control signal, respectively.

3. The infrared remote control apparatus according to
claim 2, wherein the audio codec chip further com-
prises a digital signal processor, a digital-to-analog
converter, and a first operational amplifier, wherein
an output end of the digital signal processor is con-
nected to an input end of the digital-to-analog con-
verter; a positive differential signal output end and a
negative differential signal output end of the digital-
to-analog converter are connected to a positive input
end and a negative input end of the first operational
amplifier, respectively; and a positive output end and
a negative output end of the first operational amplifier
are connected to a positive pin and a negative pin
of the differential output pins, respectively; and
the digital signal processor is configured to generate
a digital modulation signal according to the infrared
remote control parameter; the digital-to-analog con-
verter is configured to convert the digital modulation
signal into a pair of differential infrared remote control
signals; and the first operational amplifier is config-
ured to amplify the differential infrared remote control
signals, and drive the infrared transmitter by using
the differential infrared remote control signals.

4. The infrared remote control apparatus according to
claim 3, wherein the audio codec chip further com-
prises a second operational amplifier and an analog-
to-digital converter, wherein
a positive input end and a negative input end of the
second operational amplifier are connected to a pos-
itive pin and a negative pin of the differential input
pins, respectively; a positive output end and a neg-
ative output end of the second operational amplifier
are connected to a positive differential signal input
end and a negative differential signal input end of
the analog-to-digital converter, respectively; and an
output end of the analog-to-digital converter is con-
nected to an input end of the digital signal processor;
and
the second operational amplifier is configured to am-
plify the infrared learning signal; the analog-to-digital
converter is configured to convert the infrared learn-
ing signal into a digital learning signal; and the digital
signal processor is further configured to calculate
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the envelope length and the carrier frequency of the
infrared learning signal according to the digital learn-
ing signal.

5. The infrared remote control apparatus according to
claim 1, wherein the audio codec chip is further con-
figured to:

calculate first level duration and second level
duration of the infrared remote control signal ac-
cording to the envelope length, and calculate a
carrier period according to the carrier frequency;
calculate, according to the first level duration
and the carrier period, a quantity of carrier peri-
ods that need to be sent in the first level duration;
if the quantity of the carrier periods that need to
be sent in the first level duration is a non-integer,
round up the quantity of the carrier periods, and
add a corresponding zero-fill time after the first
level duration, wherein a length of the zero-fill
time is equal to a length by which a rounded-up
quantity of the carrier periods exceeds the quan-
tity of the carrier periods that need to be sent in
the first level duration; and
subtract the zero-fill time from the second level
duration, and calculate, according to a length of
second level duration obtained after the zero-fill
time is subtracted, a quantity of zero levels that
need to be sent in the second level duration.

6. The infrared remote control apparatus according to
claim 5, wherein the audio codec chip is further con-
figured to:

generate multiple consecutive carrier points in
the first level duration and the zero-fill time,
wherein adjacent carrier points are separated
by one carrier period;
generate multiple consecutive zero level points
in the second level duration obtained after the
zero-fill time is subtracted; and
generate, according to the multiple consecutive
carrier points and the multiple consecutive zero
level points, the infrared remote control signal
corresponding to the infrared remote control pa-
rameter.

7. The infrared remote control apparatus according to
claim 2, wherein the audio codec chip is further con-
figured to:

sample the infrared learning signal by using a
first sampling frequency, to obtain a first sam-
pled signal, and down-sample the first sampled
signal by using a second sampling frequency,
to obtain a second sampled signal; and
calculate the envelope length of the infrared
learning signal according to the second sampled

signal, and calculate first level duration and sec-
ond level duration of the infrared learning signal
according to the envelope length, wherein
the first sampling frequency is a maximum sam-
pling frequency of the audio codec chip, and the
second sampling frequency is less than the first
sampling frequency.

8. The infrared remote control apparatus according to
claim 2, wherein the audio codec chip is further con-
figured to:

sample the infrared learning signal by using a
first sampling frequency, to obtain a first sam-
pled signal;
search in a preset time window to find whether
there are consecutive high level sampling points
in the first sampled signal;
if there are consecutive high level sampling
points, calculate a carrier frequency in the preset
time window according to the first sampled sig-
nal; and
sequentially calculate carrier frequencies in mul-
tiple consecutive preset time windows, and de-
termine the carrier frequency of the infrared
learning signal according to the carrier frequen-
cies in the multiple consecutive preset time win-
dows.

9. The infrared remote control apparatus according to
claim 8, wherein the audio codec chip is further con-
figured to:

search, in the preset time window according to
a preset search spacing, to find whether there
is a high level sampling point in the first sampled
signal; and
if there is a high level sampling point, search, in
a first preset range comprising the high level
sampling point, to find whether there are con-
secutive high level sampling points.

10. The infrared remote control apparatus according to
claim 9, wherein the audio codec chip is further con-
figured to:

calculate, according to the first sampled signal,
a carrier frequency of the infrared learning signal
in the preset time window in a second preset
range comprising the high level sampling point,
wherein
the second preset range comprises the first pre-
set range.

11. A terminal, comprising a memory and the infrared
remote control apparatus according to any one of
claims 1 to 10, wherein the memory is coupled to an
audio codec chip and is configured to store an infra-
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red remote control parameter of the infrared remote
control apparatus.

12. The terminal according to claim 11, wherein the
memory is further configured to: when the infrared
remote control apparatus obtains an infrared learn-
ing signal by using an infrared transmitter, and ob-
tains, by means of calculation, an envelope length
and a carrier frequency of the infrared learning sig-
nal, store the envelope length and the carrier fre-
quency of the infrared learning signal as the infrared
remote control parameter of the infrared remote con-
trol apparatus.
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