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(54) MODULATION METHOD AND APPARATUS, AND COMPUTER STORAGE MEDIUM

(57) Provided is a modulation method. The method
includes: acquiring position adjustment information and
modulation information of to-be-modulated data; extract-
ing bit data of each first modulation unit in the to-be-mod-
ulated data according to the position adjustment infor-
mation to obtain first bit data on an odd bit and second
bit data on an even bit of the each first modulation unit;
performing a format adjustment on the extracted bit data
according to the position adjustment information to obtain
at least two groups of transition data with a same data
length as the to-be-modulated data, where each second

modulation unit in the transition data includes an exten-
sion bit and a data bit, and data on the data bit is config-
ured to be the first bit data or the second bit data; deter-
mining from the modulation information a modulation pa-
rameter corresponding to each second modulation unit
according to bit data of each second modulation unit in
each group of transition data; and arranging, according
to an arrangement sequence of second modulation units
in each group of transition data, modulation parameters.
Further provided are a modulation apparatus and a com-
puter storage medium.
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Description

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] The present application claims priority to a Chinese patent application No. 201710380119.X filed on May 25,
2017, disclosure of which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present invention relates to modulation technologies in the field of communications and, in particular, to a
modulation method and apparatus, and a computer storage medium.

BACKGROUND

[0003] Generally, in a mobile communication system, it is necessary to modulate information in a physical layer to
convert the information into a signal appropriate for channel transmission, so as to obtain better anti-interference per-
formance, stronger resistivity to channel losses and better security.
[0004] However, in the physical layer, a to-be-modulated data source is generally stored in an 8-bit, 16-bit or 32-bit
mode, and the number of bits for storing the data source may be not identical to the number of bits required for modulation.
For example, the number of bits for storing the data source is 8, and the number of bits required for 16 quadrature
amplitude modulation (QAM), i.e., 16QAM, is 4. It can be seen that the number of bits for storing the data source is not
identical to the number of bits required for the modulation. Then, corresponding processing operations need to be
performed during the modulation in the physical layer, so that the number of bits for storing the data source after the
processing operations can be matched with the number of bits required for the modulation.
[0005] In the related art, the modulation in the physical layer is implemented in the following mode: firstly, the data
source is divided according to the number of bits required for modulating; then, a table lookup is performed for the divided
data source; and finally, a modulation result is outputted. The main problems of this modulation implementation mode
are more operations, e.g., shifting operations, required for dividing the data source, slower speed and lower efficiency.
To solve the problems of this modulation implementation mode, a modulation implementation mode is proposed in the
related art: firstly, modulation parameters are extended according to a format of a data source; then, a modulation
parameter of the data source is searched for according to bit data of the data source; and finally, a modulation result is
outputted. The main problem of this method is that the extended modulation parameters occupy a large memory space,
thereby consuming too many memory resources.

SUMMARY

[0006] To solve the problem in the existing art, embodiments of the present invention provide a modulation method
and apparatus, and a computer storage medium.
[0007] Technical solutions of the present invention are implemented in manners described below.
[0008] A modulation method is provided in an embodiment of the present invention. The method includes steps
described below.
[0009] Position adjustment information and modulation information of to-be-modulated data are acquired.
[0010] Bit data of each first modulation unit in the to-be-modulated data is extracted according to the position adjustment
information to obtain first bit data on an odd bit of the each first modulation unit and second bit data on an even bit of
the each first modulation unit.
[0011] A format adjustment is performed on the extracted bit data according to the position adjustment information to
obtain at least two groups of transition data with a same data length as the to-be-modulated data, where each second
modulation unit in the transition data includes an extension bit and a data bit, and data on the data bit is configured to
be the first bit data or the second bit data.
[0012] A modulation parameter corresponding to each second modulation unit is determined from the modulation
information according to bit data of each second modulation unit in each group of transition data.
[0013] Modulation parameters corresponding to second modulation units in the each group of transition data are
arranged according to an arrangement sequence of the second modulation units in the each group of transition data to
obtain modulated data.
[0014] In the above solution, a position arrangement sequence of the first bit data in the transition data is identical to
a position arrangement sequence of the first bit data in the to-be-modulated data, and a position arrangement sequence
of the second bit data in the transition data is identical to a position arrangement sequence of the second bit data in the
to-be-modulated data.
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[0015] Alternatively, a position arrangement sequence of the first bit data in the transition data is reverse to a position
arrangement sequence of the first bit data in the to-be-modulated data, and a position arrangement sequence of the
second bit data in the transition data is reverse to a position arrangement sequence of the second bit data in the to-be-
modulated data.
[0016] In the above solution, the extension bit is located on a higher bit of the second modulation unit, and the data
bit is located on a lower bit of the second modulation unit.
[0017] In the above solution, before the position adjustment information and the modulation information of the to-be-
modulated data are acquired, the method further includes a step described below.
[0018] The position adjustment information of the to-be-modulated data is determined according to a preset modulation
format.
[0019] In the above solution, before the position adjustment information and the modulation information of the to-be-
modulated data are acquired, the method further includes steps described below.
[0020] A parameter scaling rule is determined according to a preset modulation format and a data length of the to-be-
modulated data, where the parameter scaling rule is used for scaling the modulation parameter of the data bit in the
second modulation unit.
[0021] The modulation information is determined according to the parameter scaling rule.
[0022] A modulation apparatus is further provided in an embodiment of the present invention. The apparatus includes
an acquisition module, an extraction module, a format adjustment module, a first determination module and an arrange-
ment module.
[0023] The acquisition module is configured to acquire position adjustment information and modulation information of
to-be-modulated data.
[0024] The extraction module is configured to extract bit data of each first modulation unit in the to-be-modulated data
according to the position adjustment information to obtain first bit data on an odd bit of the each first modulation unit and
second bit data on an even bit of the each first modulation unit.
[0025] The format adjustment module is configured to perform a format adjustment on the extracted bit data according
to the position adjustment information to obtain at least two groups of transition data with a same data length as the to-
be-modulated data, where each second modulation unit in the transition data includes an extension bit and a data bit,
and data on the data bit is configured to be the first bit data or the second bit data.
[0026] The first determination module is configured to determine from the modulation information a modulation pa-
rameter corresponding to the each second modulation unit according to bit data of each second modulation unit in each
group of transition data.
[0027] The arrangement module is configured to arrange, according to an arrangement sequence of second modulation
units in the each group of transition data, modulation parameters corresponding to the second modulation units in the
each group of transition data to obtain modulated data.
[0028] In the above solution, a position arrangement sequence of the first bit data in the transition data is identical to
a position arrangement sequence of the first bit data in the to-be-modulated data, and a position arrangement sequence
of the second bit data in the transition data is identical to a position arrangement sequence of the second bit data in the
to-be-modulated data.
[0029] Alternatively, a position arrangement sequence of the first bit data in the transition data is reverse to a position
arrangement sequence of the first bit data in the to-be-modulated data, and a position arrangement sequence of the
second bit data in the transition data is reverse to a position arrangement sequence of the second bit data in the to-be-
modulated data.
[0030] In the above solution, in the transition data, the extension bit is located on a higher bit of the second modulation
unit, and the data bit is located on a lower bit of the second modulation unit.
[0031] In the above solution, the apparatus further includes a second determination module.
[0032] The second determination module is configured to determine the position adjustment information of the to-be-
modulated data according to a modulation format.
[0033] In the above solution, the apparatus further includes a third determination module and a fourth determination
module.
[0034] The third determination module is configured to determine a parameter scaling rule according to a modulation
format and a data length of the to-be-modulated data, where the parameter scaling rule is used for scaling the modulation
parameter of the data bit in the second modulation unit.
[0035] The fourth determination module is configured to determine the modulation information according to the pa-
rameter scaling rule.
[0036] A modulation apparatus is further provided in an embodiment of the present invention. The apparatus includes
a processor and a memory.
[0037] The memory is configured to store computer programs.
[0038] The processor is configured to execute the computer programs to perform steps described below.
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[0039] Position adjustment information and modulation information of to-be-modulated data are acquired.
[0040] Bit data of each first modulation unit in the to-be-modulated data is extracted according to the position adjustment
information to obtain first bit data on an odd bit of the each first modulation unit and second bit data on an even bit of
the each first modulation unit.
[0041] A format adjustment is performed on the extracted bit data according to the position adjustment information to
obtain at least two groups of transition data with a same data length as the to-be-modulated data, where each second
modulation unit in the transition data includes an extension bit and a data bit, and data on the data bit is configured to
be the first bit data or the second bit data.
[0042] A modulation parameter corresponding to the each second modulation unit is determined from the modulation
information according to bit data of each second modulation unit in each group of transition data.
[0043] Modulation parameters corresponding to second modulation units in the each group of transition data are
arranged according to an arrangement sequence of the second modulation units in the each group of transition data to
obtain modulated data.
[0044] In the above solution, a position arrangement sequence of the first bit data in the transition data is identical to
a position arrangement sequence of the first bit data in the to-be-modulated data, and a position arrangement sequence
of the second bit data in the transition data is identical to a position arrangement sequence of the second bit data in the
to-be-modulated data.
[0045] Alternatively, a position arrangement sequence of the first bit data in the transition data is reverse to a position
arrangement sequence of the first bit data in the to-be-modulated data, and a position arrangement sequence of the
second bit data in the transition data is reverse to a position arrangement sequence of the second bit data in the to-be-
modulated data.
[0046] In the above solution, in the transition data, the extension bit is located on a higher bit of the second modulation
unit, and the data bit is located on a lower bit of the second modulation unit.
[0047] In the above solution, the processor is further configured to execute the computer programs to perform a step
described below.
[0048] Before the position adjustment information and the modulation information of the to-be-modulated data are
acquired, the position adjustment information of the to-be-modulated data is determined according to a modulation format.
[0049] In the above solution, the processor is further configured to execute the computer programs to perform steps
described below.
[0050] Before the position adjustment information and the modulation information of the to-be-modulated data are
acquired, a parameter scaling rule is determined according to a modulation format and a data length of the to-be-
modulated data, where the parameter scaling rule is used for scaling the modulation parameter of the data bit in the
second modulation unit.
[0051] The modulation information is determined according to the parameter scaling rule.
[0052] A computer storage medium is further provided in an embodiment of the present invention. The storage medium
is configured to store computer-executable instructions for performing the modulation method according to the embod-
iment of the present invention.
[0053] It can be seen that according to the modulation method and apparatus, and the computer storage medium
provided in the embodiments of the present invention, the first bit data on the odd bit and the second bit data on the
even bit of each first modulation unit in the to-be-modulated data are extracted according to the position adjustment
information, and the format adjustment is performed on the extracted first bit data and the extracted second bit data, so
that the first bit data is separate from the second bit data in each first modulation unit and at least two groups of transition
data with the same data length as the to-be-modulated data are obtained, where the data on the data bit of each second
modulation unit in the transition data is configured to be the first bit data or the second bit data. In this way, each first
modulation unit in the to-be-modulated data can be divided without a shifting operation performed on the to-be-modulated
data, and the data on the odd bit can be separate from the data on the even bit in each first modulation unit, thereby
improving modulation efficiency. Further, the modulation parameter corresponding to each second modulation unit is
determined from the modulation information according to the bit data of each second modulation unit in the transition
data, and the modulation parameter is allocated to the corresponding position of the second modulation unit. Since the
first bit data on the odd bit is separate from the second bit data on the even bit of each first modulation unit in the to-be-
modulated data, the separate first bit data and second bit data are scaled, and the modulation parameter is obtained, it
is unnecessary to extend the modulation parameter according to a format of the to-be-modulated data, thereby reducing
an occupied memory space and memory resource consumption.

BRIEF DESCRIPTION OF DRAWINGS

[0054]
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FIG. 1 is a flowchart of a modulation method according to an embodiment of the present invention.

FIG. 2 is a schematic diagram illustrating a process of extracting bit data of each first modulation unit in to-be-
modulated data and performing a format adjustment on the extracted bit data according to position adjustment
information according to an embodiment of the present invention.

FIG. 3 is a schematic diagram illustrating a process of modulating each first modulation unit on higher bits of to-be-
modulated data according to modulation information according to an embodiment of the present invention.

FIG. 4 is a schematic diagram illustrating a process of modulating each first modulation unit on lower bits of to-be-
modulated data according to modulation information according to an embodiment of the present invention.

FIG. 5 is a structural diagram of a modulation apparatus according to an embodiment of the present invention.

FIG. 6 is a structural diagram of hardware of a modulation apparatus according to an embodiment of the present
invention.

DETAILED DESCRIPTION

[0055] A modulation method provided in an embodiment of the present invention is mainly applied to a mobile com-
munication system for modulating a data source stored in a physical layer. Firstly, first bit data on an odd bit and second
bit data on an even bit of each first modulation unit in to-be-modulated data are extracted according to position adjustment
information, and a format adjustment is performed on the extracted first bit data and the extracted second bit data, so
that the first bit data is separate from the second bit data in each first modulation unit and at least two groups of transition
data with a same data length as the to-be-modulated data are obtained, where data on a data bit of each second
modulation unit in the transition data is configured to be the first bit data or the second bit data. In this way, each first
modulation unit in the to-be-modulated data can be divided without a shifting operation performed on the to-be-modulated
data, and the data on the odd bit can be separate from the data on the even bit of each first modulation unit, thereby
improving modulation efficiency. Further, a modulation parameter corresponding to each second modulation unit is
determined from modulation information according to bit data of each second modulation unit in each group of transition
data, and the modulation parameter is allocated to the corresponding position of the second modulation unit. Since the
first bit data on the odd bit is separate from the second bit data on the even bit of each first modulation unit in the to-be-
modulated data, the separate first bit data and second bit data are scaled, and the modulation parameter is obtained, it
is unnecessary to extend the modulation parameter according to a format of the to-be-modulated data, thereby reducing
an occupied memory space and memory resource consumption.
[0056] Achieved objects, functional features and advantages of the present invention will be further described in
conjunction with embodiments with reference to the accompanying drawings. It is to be understood that the embodiments
described herein are intended to explain and not to limit the present invention.
[0057] FIG. 1 is a flowchart of a modulation method according to an embodiment of the present invention. Referring
to FIG. 1, the modulation method according to the embodiment of the present invention includes steps described below.
[0058] In step 101, position adjustment information and modulation information of to-be-modulated data are acquired.
[0059] The modulation method in this embodiment is mainly applied to a mobile communication system for modulating
a data source stored in a physical layer, so as to improve modulation efficiency of the data source and reduce memory
overheads in a modulation process.
[0060] Here, a data length of the to-be-modulated data may be set according to practical needs and needs to be
specifically set with reference to the number of storage bits of a storage unit in the physical layer of the mobile commu-
nication system. For example, in the physical layer, each storage unit in a memory may generally store one word, and
a word length may be set according to the practical needs. For an 8-bit processor, the word length is 8 binary bits. For
a 16-bit processor, the word length is 16 binary bits. For a 32-bit processor, the word length is 32 binary bits. For a 64-
bit processor, the word length is 64 binary bits. Therefore, according to the number of bits of data which is processed
each time by the processor in the mobile communication system, the data length of the to-be-modulated data may be
8 bits, 16 bits, 32 bits, 64 bits or the like. In this embodiment, an example where the data length of the to-be-modulated
data is 32 bits will be described in detail.
[0061] In addition, in order for storage units in the memory to be distinguished, each storage unit has a unique address
code; and therefore, a storage unit corresponding to the address code may be acquired through the address code of
the to-be-modulated data, so that data stored in the storage unit is acquired. The data is the to-be-modulated data.
Further, the to-be-modulated data may be acquired before the position adjustment information and the modulation
information are acquired, or may be acquired after the position adjustment information and the modulation information
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are acquired, so as to be modulated according to the position adjustment information and the modulation information.
[0062] It should be noted that a byte is a measurement unit used for measuring a storage capacity and a transmission
capacity in computer information technologies, and one byte is equal to 8 binary bits. Therefore, in the embodiment of
the present invention, the data length of the to-be-modulated data may include 4 bytes.
[0063] Here, position information in the position adjustment information is used for indicating a position of bit data in
the to-be-modulated data. The position adjustment information includes multiple position parameters, and each position
parameter includes multiple pieces of position information. The number of position parameters and the number of pieces
of position information in each position parameter need to be determined and set according to a modulation format and
the data length of the to-be-modulated data. For example, when the data length of the to-be-modulated data is 32 bits
and the modulation format is 16QAM, the position adjustment information may be:
WORD32 QAM16_CFG[32] = {0x00001F1D, 0x00001E1C, 0x00001B19, 0x00001A18, 0x00001715, 0x00001614,
0x00001311, 0x00001210, 0x00000F0D, 0x00000E0C, 0x00000B09, 0x00000A08, 0x00000705, 0x00000604,
0x00000301, 0x00000200}.
[0064] WORD32 QAM16_CFG[32] denotes the position adjustment information of the to-be-modulated data with the
data length of 32 bits when the modulation format is the 16QAM. Parameters such as 0x00001F1D, 0x00001E1C and
0x00001B19 in WORD32 QAM16_CFG[32] denote the position parameters in the position adjustment information, and
0x in the position parameters denotes that the position parameters are hexadecimal numbers. Since the number of
modulation bits required for the 16QAM is 4 bits, each position parameter includes 4 pieces of position information. 4
bits of data are extracted from corresponding positions of the to-be-modulated data according to the 4 pieces of position
information to form a second modulation unit. In addition, since two of the 4 pieces of position information in each position
parameter correspond to odd bits or even bits of a first modulation unit in the to-be-modulated data and the data length
of the to-be-modulated data is 32 bits, the position adjustment parameter includes 16 position parameters.
[0065] It should be noted that the position adjustment information varies with the modulation format. Therefore, before
the position adjustment information and the modulation information of the to-be-modulated data are acquired, the position
adjustment information of the to-be-modulated data further needs to be determined according to the modulation format.
The modulation format may be set according to practical circumstances, and may be binary phase shift keying (BPSK),
quadrature phase shift keying (QPSK), 16QAM, 64QAM or 256QAM. An appropriate modulation format is selected
according to a communication indicator of the mobile communication system.
[0066] In addition, in the mobile communication system, the position adjustment information is generally directly stored
in the memory, and therefore, the position adjustment information corresponding to the modulation format may be directly
acquired by reading a command.
[0067] Here, the modulation information includes multiple modulation parameters, and the number of modulation
parameters in the modulation information varies with the modulation format. Specifically, the number of modulation
parameters is the same as the number of symbols corresponding to the modulation format. For example, when the
modulation format is BPSK, the number of modulation parameters is 2; when the modulation format is QPSK, the number
of modulation parameters is 4; and when the modulation format is 16QAM, the number of modulation parameters is 16.
[0068] In practical applications, the modulation information may be set according to the practical needs, and needs
to be specifically set with reference to a parameter scaling rule. Specifically, before the position adjustment information
and the modulation information of the to-be-modulated data are acquired, the parameter scaling rule is determined
according to the modulation format and the data length of the to-be-modulated data. The parameter scaling rule is used
for scaling a modulation parameter of first bit data on the odd bit or a modulation parameter of second bit data on the
even bit of the first modulation unit in the to-be-modulated data. Then the modulation information is determined according
to the parameter scaling rule.
[0069] For example, when the data length of the to-be-modulated data is 32 bits and the modulation format is the
16QAM, input data for the 16QAM is 4 bits of data which are b0, b1, b2 and b3.
[0070] The 4 bits of data are mapped onto a modulation symbol, i.e., x = I + jQ, where I denotes a real part of the
modulation symbol, Q denotes an imaginary part of the modulation symbol, and j denotes an imaginary unit. According
to a physical-layer protocol in 3GPP TS 36.211, a mapping table of the input data for the 16QAM onto the modulation
symbol is shown in table 1.

Table 1

b3b2b1b0 I Q

0000

0001
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[0071] Referring to the above table 1, the input data for the 16QAM is mapped onto 16 modulation symbols, and each
modulation symbol includes I-path data and Q-path data. Data b1 and b3 on the odd bits of the input data may correspond
to I path, and data b0 and b2 on the even bits of the input data may correspond to Q path. As can be obtained from table
1, a correspondence between the data on the odd bits of the input data for the 16QAM and the I-path data of the
modulation symbol, or a correspondence between the data on the even bits of the input data for the 16QAM and the Q-
path data of the modulation symbol is shown in table 2.

(continued)

b3b2b1b0 I Q

0010

0011

0100

0101

0110

0111

1000

1001

1010

1011

1100

1101

1110

1111

Table 2

Data on odd bits (or even bits) of the input data I-path data (or Q-path data) of the modulation symbol

00

01

10
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[0072] In some embodiments, since the data length of the to-be-modulated data is 32 bits, the data on the odd bits or
the data on the even bits of the input data for the 16QAM is scaled as the modulation parameter with a data length of
16 bits, and finally the modulation parameters of the data on the odd bits and the data on the even bits of the input data
are combined into a 32-bit binary data to obtain modulated data of the input data.For example, the parameter scaling
rule may include 1 bit of integer, 14 bits of decimals and 1 bit of flag bit. After scaling, the correspondence between the
data on the odd bits or the data on the even bits of the input data for the 16QAM and the modulation parameter may be
shown in table 3.

[0073] Here, according to the above table 3, the modulation information of the to-be-modulated data may be obtained
as follows:
WORD16 QAM16[16] = {0x14D1, 0x3C76, 0xEB68, 0xC467, 0x14D1, 0x3C76, 0xEB68, 0xC467, 0x14D1, 0x3C76,
0xEB68, 0xC467, 0x14D1, 0x3C76, 0xEB68, 0xC467}.
[0074] WORD16 QAM16[16] denotes the modulation information of the to-be-modulated data with the data length of
32 bits when the modulation format is the 16QAM. Parameters such as 0x14D1, 0x3C76 and 0xEB68 denote the
modulation parameters in the modulation information, and 0x in the modulation parameters denotes that the modulation
parameters are hexadecimal numbers. The modulation information includes 16 modulation parameters. The modulation
parameter corresponds to the bit data of the second modulation unit and only relates to data on lower bits of the second
modulation unit. The data on the lower bits is the data on the odd bits or the data on the even bits of the input data for
the 16QAM. For example, when the bit data of the second modulation unit is 0000, the modulation parameter is 0x14D1;
when the bit data of the second modulation unit is 0001, the modulation parameter is 0x3C76; when the bit data of the
second modulation unit is 0010, the modulation parameter is 0xEB68; when the bit data of the second modulation unit
is 0011, the modulation parameter is 0xC467; when the bit data of the second modulation unit is 0100, the modulation
parameter is 0x14D1; when the bit data of the second modulation unit is 0101, the modulation parameter is 0x3C76;
when the bit data of the second modulation unit is 0110, the modulation parameter is 0xEB68; and when the bit data of
the second modulation unit is 0111, the modulation parameter is 0xC467.
[0075] In addition, in the mobile communication system, the modulation information is generally directly stored in the
memory, and therefore, the modulation information corresponding to the modulation format may be directly acquired by
reading the command.
[0076] It should be noted that the first modulation unit in the following embodiments refers to a processing unit configured
according to the number of bits required for the modulation of the to-be-modulated data. For example, if the to-be-
modulated data with the data length of 32 bits is modulated by using the modulation format, the 16QAM which requires
4 bits, 4 consecutive bits of the to-be-modulated data may form one first modulation unit according to an arrangement
sequence from a higher bit to a lower bit or an arrangement sequence from the low bit to the higher bit of the to-be-
modulated data, and the to-be-modulated data has 8 first modulation units in total. For example, bit 31, bit 30, bit 29
and bit 28 of the to-be-modulated data form the 1st first modulation unit, and bit 27, bit 26, bit 25 and bit 24 of the to-be-
modulated data form the 2nd first modulation unit, and so on.
[0077] The second modulation unit refers to a modulation unit obtained by extending the first bit data on the odd bit
of the first modulation unit or the second bit data on the even bit of the first modulation unit. The number of bits of the
bit data of the second modulation unit is the same as the number of bits of the bit data of the first modulation unit. For
example, if the first modulation unit is a processing unit composed of bits 31, 30, 29 and 28 of the to-be-modulated data,

(continued)

Data on odd bits (or even bits) of the input data I-path data (or Q-path data) of the modulation symbol

11

Table 3

Data positioned on odd bits or data positioned on even bits (b0b2 or b1b3) 
of input data

Modulation parameter (hexadecimal)

00 14D1

01 3C76

10 EB68

11 C467
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the first modulation unit is extended into two second modulation units, that is, one second modulation unit composed of
two extension bits, bit 31 and bit 29, and the other second modulation unit composed of two extension bits, bit 30 and
bit 28. The extension bit is not particularly limited in the present invention, and bit data on the extension bit may be 0 or
1. In the following embodiment, an example where the extension bit is bit 0 of the to-be-modulated data will be described
in detail.
[0078] In step 102, bit data of each first modulation unit in the to-be-modulated data is extracted according to the
position adjustment information to obtain the first bit data on the odd bit and the second bit data on the even bit of each
first modulation unit.
[0079] Here, the bit data is extracted from corresponding positions of the to-be-modulated data according to the position
information in each position parameter in the position adjustment information. For example, position parameter
0x00001F1D includes 4 pieces of position information, where 0000 on the higher bits includes 2 pieces of position
information both indicating the position of bit 0 of the to-be-modulated data, 1F on the lower bits indicates the position
of bit 31 of the to-be-modulated data, and 1D on the lower bits indicates the position of bit 29 of the to-be-modulated
data. According to position parameter 0x00001F1D, the first bit data on the odd bits of the first modulation unit and bit
data on bit 0 in the to-be-modulated data may be extracted. Position parameter 0x00001E1C also includes 4 pieces of
position information, where 0000 on the higher bits includes 2 pieces of position information both indicating the position
of bit 0 of the to-be-modulated data, 1E on the lower bits indicates the position of bit 30 of the to-be-modulated data,
and 1C on the lower bits indicates the position of bit 28 of the to-be-modulated data. According to position parameter
0x00001E1C, the second bit data on the even bits of the first modulation unit and the bit data on bit 0 in the to-be-
modulated data may be extracted. For other position parameters in the position adjustment information, the manner for
extracting the bit data is similar and will not be repeated here.
[0080] It should be noted that when the modulation format is the QPSK, both the first bit data and the second bit data
are 1 bit; when the modulation format is the 16QAM, both the first bit data and the second bit data are 2 bits; when the
modulation format is the 64QAM, both the first bit data and the second bit data are 3 bits; and when the modulation
format is the 256QAM, both the first bit data and the second bit data are 4 bits.
[0081] In step 103, a format adjustment is performed on the extracted bit data according to the position adjustment
information to obtain at least two groups of transition data with a same data length as the to-be-modulated data, where
each second modulation unit in the transition data includes an extension bit and a data bit, and data on the data bit is
configured to be the first bit data or the second bit data.
[0082] Here, the format adjustment may be performed on the extracted bit data according to an arrangement sequence
of the position parameters in the position adjustment information to obtain at least two groups of transition data with the
same data length as the to-be-modulated data. The first bit data and the second bit data in the transition data may be
arranged according to a preset rule. For example, the first bit data and the second bit data in the transition data may be
alternately arranged. In addition, a position arrangement sequence of the first bit data in the transition data may be
identical to a position arrangement sequence of the first bit data in the to-be-modulated data and a position arrangement
sequence of the second bit data in the transition data may be identical to a position arrangement sequence of the second
bit data in the to-be-modulated data; alternatively, the position arrangement sequence of the first bit data in the transition
data may be reverse to the position arrangement sequence of the first bit data in the to-be-modulated data, and the
position arrangement sequence of the second bit data in the transition data may be reverse to the position arrangement
sequence of the second bit data in the to-be-modulated data.
[0083] Here, two groups of transition data with the same data length as the to-be-modulated data may be obtained,
three groups of transition data with the same data length as the to-be-modulated may be obtained, or more groups of
transition data with the same data length as the to-be-modulated data may be obtained. For example, if the to-be-
modulated data with the data length of 32 bits is modulated by using the 16QAM, 4 groups of transition data with the
same data length as the to-be-modulated data may be obtained, and the number of second modulation units in each
group of transition data is 4. Accordingly, in a subsequent storage process, only modulation parameters of the second
modulation units in each group of transition data are stored to obtain modulated data of the to-be-modulated data.
[0084] It should be noted that in the transition data, the extension bit may be located on a higher bit of the second
modulation unit, and correspondingly, the data bit may be located on a lower bit of the second modulation unit. For
example, if the bit data of the second modulation unit is 0011, 00 is bit data on higher bits, i.e., extension bits, of the
second modulation unit and 11 is bit data on lower bits, i.e. data bits, of the second modulation unit.
[0085] In step 104, a modulation parameter corresponding to each second modulation unit is determined from the
modulation information according to bit data of each second modulation unit in each group of transition data.
[0086] Here, each group of transition data may include multiple second modulation units, and the modulation parameter
corresponding to each second modulation unit is determined from the modulation information according to the bit data
of each second modulation unit in each group of transition data. For example, when the bit data of the second modulation
unit is 0101, the modulation parameter corresponding to the second modulation unit is determined to be 0x3C76 from
the modulation information.
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[0087] In step 105, modulation parameters corresponding to the second modulation units in each group of transition
data are arranged according to an arrangement sequence of the second modulation units in each group of transition
data to obtain the modulated data.
[0088] Here, it is necessary to arrange the modulation parameters corresponding to the second modulation units in
each group of transition data according to the arrangement sequence of the second modulation units in each group of
transition data to obtain the modulated data, so as to sequentially store the modulated data according to an arrangement
sequence of the first modulation units in the to-be-modulated data, and thereby implement the modulation of the to-be-
modulated data. For example, when the second modulation unit is at position P0 of the transition data, the modulation
parameter of the second modulation unit needs to be arranged at a position corresponding to P0.
[0089] In some embodiments, the modulation parameters corresponding to the second modulation units in each group
of transition data are stored, so that the modulation of the to-be-modulated data is completed.
[0090] Finally, in the practical application, another to-be-modulated data further needs to be cyclically acquired until
all to-be-modulated data sources in the physical layer are modulated.
[0091] It can be understood that the modulation efficiency can be improved and the memory overheads can be reduced
according to the position adjustment information and the modulation information of the to-be-modulated data for two
reasons. On one hand, each position parameter in the position adjustment information includes the first bit data on the
odd bit or the second bit data on the even bit of the first modulation unit in the to-be-modulated data, so the first bit data
on the odd bit and the second bit data on the even bit of each first modulation unit in the to-be-modulated data may be
extracted according to the position adjustment information, and the format adjustment is performed on the extracted first
bit data and the extracted second bit data, so that the first bit data is separate from the second bit data in each first
modulation unit and at least two groups of transition data with the same data length as the to-be-modulated data are
obtained, where the data on the data bit of each second modulation unit in the transition data is configured to be the
first bit data or the second bit data. In this way, the first bit data on the odd bit and the second bit data on the even bit
of the first modulation unit in the to-be-modulated data can be obtained without a shifting operation performed on the
to-be-modulated data, thereby improving the modulation efficiency. On the other hand, the modulation information
includes the modulation parameter which corresponds to the second modulation unit and is obtained by extending the
first bit data or the second bit data, the modulation parameter corresponding to the second modulation unit can be
determined from the modulation information according to the bit data of the second modulation unit, and the modulation
parameter can be allocated to the corresponding position of the second modulation unit, so that the modulated data can
be obtained. Since the first bit data on the odd bit is separate from the second bit data on the even bit of each first
modulation unit in the to-be-modulated data, the separate first bit data and second bit data are scaled, and the modulation
parameter is obtained, it is unnecessary to extend the modulation parameter according to a format of the to-be-modulated
data, thereby reducing an occupied memory space and memory resource consumption.
[0092] In order to have a clearer understanding of a modulation process of the to-be-modulated data, an example
where the to-be-modulated data with the data length of 32 bits is modulated by using the 16QAM will be described in
detail in an application embodiment of the modulation method of the present invention.
[0093] Firstly, the position adjustment information and the modulation information of the to-be-modulated data are
acquired by reading the command. The position adjustment information is: WORD32 QAM16_CFG[32] = {0x00001F1D,
0x00001E1C, 0x00001B19, 0x00001A18, 0x00001715, 0x00001614, 0x00001311, 0x00001210, 0x00000F0D,
0x00000E0C, 0x00000B09, 0x00000A08, 0x00000705, 0x00000604, 0x00000301, 0x00000200}.
[0094] The modulation information is: WORD16 QAM16[16] = {0x14D1, 0x3C76, 0xEB68, 0xC467, 0x14D1, 0x3C76,
0xEB68, 0xC467, 0x14D1, 0x3C76, 0xEB68, 0xC467, 0x14D1, 0x3C76, 0xEB68, 0xC467}.
[0095] Then, the to-be-modulated data is read. The to-be-modulated data is 11010001011100001110010101011000.
[0096] Finally, the to-be-modulated data is modulated according to the position adjustment information and the mod-
ulation information of the to-be-modulated data.
[0097] Specifically, FIG. 2 is a schematic diagram illustrating a process of extracting the bit data of each first modulation
unit in the to-be-modulated data and performing the format adjustment on the extracted bit data according to the position

adjustment information. Referring to FIG. 2, the to-be-modulated data includes 8 first modulation units,  to  Firstly,

bit data corresponding to the position information in each position parameter is extracted from the to-be-modulated data
according to each position parameter in the position adjustment information, and the first bit data on the odd bits and
the second bit data on the even bits of each first modulation unit are obtained. For example, according to position
parameter 0x00001F1D, 2 bits of data on bit 0, 1 bit of data on bit 31 and 1 bit of data on bit 29, that is, 4 bits of data in
total, are extracted from the to-be-modulated data. The 4 bits of data are arranged according to an arrangement sequence
of the position information in the position parameter, and the arranged 4 bits of data form the first second modulation
unit including the first bit data in the transition data. The bit data of this second modulation unit is 0010, and the first bit
data is 10. According to position parameter 0x00001E1C, 2 bits of data on bit 0, 1 bit of data on bit 30 and 1 bit of data
on bit 28, that is, 4 bits of data in total, are extracted from the to-be-modulated data. The 4 bits of data are arranged
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according to an arrangement sequence of the position information in the position parameter, and the arranged 4 bits of
data forms the first second modulation unit including the second bit data in the transition data. The bit data of this second
modulation unit is 0011, and the second bit data is 11.
[0098] Then, the format adjustment is performed on the extracted bit data according to the arrangement sequence of
the position parameters in the position adjustment information, to obtain at least two groups of transition data with the
data length of 32 bits. The position arrangement sequence of the first bit data in the transition data is reverse to the
position arrangement sequence of the first bit data in the to-be-modulated data, and the position arrangement sequence
of the second bit data in the transition data is reverse to the position arrangement sequence of the second bit data in
the to-be-modulated data. For example, the bit data of the first modulation unit in the to-be-modulated data is divided
into two paths to be adjusted, and the two paths are processed in parallel.
[0099] The first path adjusts the bit data of first modulation units on higher bits of the to-be-modulated data, and the
second path adjusts the bit data of first modulation units on lower bits of the to-be-modulated data. Referring to FIG. 2,
the first path is to adjust first modulation units on bit 31 to bit 16 of the to-be-modulated data, and the format adjustment
is performed on the extracted bit data on the higher bits of the to-be-modulated data according to an arrangement
sequence of position parameters corresponding to the higher bits of the to-be-modulated in the position adjustment
information. For example, for position parameter 0x00001F1D and position parameter 0x00001E1C, since 0x00001F1D
is arranged before 0x00001E1C, the second modulation unit corresponding to position information of 0x00001F1D in
the transition data is arranged at position P0, and the second modulation unit corresponding to position information of
0x00001E1C in the transition data is arranged at position P1. The second path is to adjust first modulation units on bit
15 bit to bit 0 of the to-be-modulated data, and the format adjustment is performed on the extracted bit data on the lower
bits of the to-be-modulated data according to an arrangement sequence of position parameters corresponding to the
lower bits of the to-be-modulated data in the position adjustment information. For example, for position parameter
0x00000F0D and position parameter 0x00000E0C, since 0x00000F0D is arranged before 0x00000E0C, the second
modulation unit corresponding to position information of 0x00000F0D in the transition data is arranged at position P8,
and the second modulation unit corresponding to position information of 0x00000E0C in the transition data is arranged
at position P9.
[0100] FIG. 3 is a schematic diagram illustrating a process of modulating each first modulation unit on the higher bits
of the to-be-modulated data according to the modulation information. Referring to FIG. 3, a modulation parameter
corresponding to each second modulation unit is determined from the modulation information according to bit data of
each second modulation unit in this group of transition data, and modulation parameters corresponding to second
modulation units in this group of transition data are arranged according to an arrangement sequence of the second
modulation units in this group of transition data to obtain modulated data. For example, for second modulation unit P0
whose bit data is 0010, a modulation parameter corresponding to the bit data 0010 of this second modulation unit is
determined to be 0xEB68 from the modulation information; and after the modulation parameter of this second modulation
unit is determined, the modulation parameter is allocated to the corresponding position of P0, that is, the corresponding
position of 0000 in OUT1. After each modulation parameter is allocated to the corresponding position of the second
modulation unit, the modulated data for the first modulation units on the higher bits of the to-be-modulated data is
obtained, as shown in table 4.

[0101] The modulated data for the first modulation units on the higher bits of the to-be-modulated data is stored.
[0102] FIG. 4 is a schematic diagram illustrating a process of modulating each first modulation unit on the lower bits
of the to-be-modulated data according to the modulation information. Referring to FIG. 4, a modulation parameter
corresponding to each second modulation unit is determined from the modulation information according to bit data of
each second modulation unit in this group of transition data, and modulation parameters corresponding to second
modulation units in this group of transition data are arranged according to an arrangement sequence of the second
modulation units in this group of transition data to obtain so that modulated data. For example, for second modulation
unit P8 whose bit data is 0011, a modulation parameter corresponding to the bit data 0011 of this second modulation
unit is determined to be 0xC467 from the modulation information; and after the modulation parameter of this second
modulation unit is determined, the modulation parameter is allocated to the corresponding position of P8, that is, the

Table 4

QAM[P1]=0xC467 QAM[P0]=0xEB68

QAM[P3]=0x3C76 QAM[P2]=0x14D1

QAM[P5]=0xC467 QAM[P4]=0x3C76

QAM[P7]=0x14D1 QAM[P6]=0x14D1
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corresponding position of 0000 in OUT2. After each modulation parameter is allocated to the corresponding position of
the second modulation unit, the modulated data for the first modulation units on the lower bits of the to-be-modulated
data is obtained, as shown in table 5.

[0103] The modulated data for the first modulation units on the lower bits of the to-be-modulated data is stored.
[0104] The modulated data for the first modulation unit on the higher bits of the to-be-modulated data and the modulated
data for the first modulation unit on the lower bits of the to-be-modulated data are combined. That is, the modulated data
for the first modulation units on the lower bits of the to-be-modulated data is stored after the modulated data for the first
modulation units on the higher bits of the to-be-modulated data. Finally, the modulated data of the to-be-modulated data
is obtained.
[0105] In another embodiment of the modulation method of the present invention, a practical application of the mod-
ulation method of the present invention will be described in detail.
[0106] The modulation method according to the embodiment of the present invention may be implemented by using
CEVA software. The CEVA software is based on a vector operation unit and performs parallel modulation processing
on each first modulation unit in the to-be-modulated data by using adjustment instructions, thereby improving the mod-
ulation efficiency.
[0107] Specifically, the position adjustment information of the to-be-modulated data is read according to the modulation
format, and the modulation information corresponding to the modulation format is read.
[0108] The to-be-modulated data is read, the first bit data on the odd bit and the second bit data on the even bit of
each first modulation unit in the to-be-modulated data are extracted according to the position adjustment information by
using a bit-adjustment instruction vbpermute, and the format adjustment is performed on the extracted bit data to obtain
at least two groups of transition data with the same data length as the to-be-modulated data.
[0109] The modulation parameter of each second modulation unit in each group of transition data is determined from
the modulation information by using an adjustment instruction vpermute2w, and the modulation parameters correspond-
ing to the second modulation units in each group of transition data are arranged according to the arrangement sequence
of the second modulation units in each group of transition data, so that the modulation of the to-be-modulated data is
completed and the modulated data is obtained.
[0110] The modulation data is stored. After the all to-be-modulated data sources in the physical layer are modulated,
the modulation process exits.
[0111] A modulation apparatus is further provided according to an embodiment of the present invention. The apparatus
is configured to implement specific details of the modulation method of the present invention, thereby achieving same
effects.
[0112] FIG. 5 is a structural diagram of a modulation apparatus according to an embodiment of the present invention.
Referring to FIG. 5, the modulation apparatus in this embodiment includes an acquisition module 21, an extraction
module 22, a format adjustment module 23, a first determination module 24 and an arrangement module 25.
[0113] The acquisition module 21 is configured to acquire position adjustment information and modulation information
of to-be-modulated data.
[0114] The extraction module 22 is configured to extract bit data of each first modulation unit in the to-be-modulated
data according to the position adjustment information to obtain first bit data on an odd bit of each first modulation unit
and second bit data on an even bit of each first modulation unit.
[0115] The format adjustment module 23 is configured to perform a format adjustment on the extracted bit data
according to the position adjustment information to obtain at least two groups of transition data with a same data length
as the to-be-modulated data, where each second modulation unit in the transition data includes an extension bit and a
data bit, and data on the data bit is configured to be the first bit data or the second bit data.
[0116] The first determination module 24 is configured to determine from the modulation information a modulation
parameter corresponding to each second modulation unit according to bit data of each second modulation unit in each
group of transition data.
[0117] The arrangement module 25 is configured to arrange, according to an arrangement sequence of second mod-
ulation units in each group of transition data, modulation parameters corresponding to the second modulation units in

Table 5

QAM[P9]=0xEB68 QAM[P8]=0xC467

QAM[P11]=0xC467 QAM[P10]=0x14D1

QAM[P13]=0xC467 QAM[P12]=0x14D1

QAM[P15]=0x14D1 QAM[P14]=0xEB68
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each group of transition data to obtain modulated data.
[0118] In some embodiments, a position arrangement sequence of the first bit data in the transition data is identical
to a position arrangement sequence of the first bit data in the to-be-modulated data, and a position arrangement sequence
of the second bit data in the transition data is identical to a position arrangement sequence of the second bit data in the
to-be-modulated data.
[0119] Alternatively, the position arrangement sequence of the first bit data in the transition data is reverse to the
position arrangement sequence of the first bit data in the to-be-modulated data, and the position arrangement sequence
of the second bit data in the transition data is reverse to the position arrangement sequence of the second bit data in
the to-be-modulated data.
[0120] In some embodiments, in the transition data, the extension bit is located on a higher bit of the second modulation
unit, and the data bit is located on a lower bit of the second modulation unit.
[0121] In some embodiments, the modulation apparatus may further include a second determination module 20a,
which is configured to determine the position adjustment information of the to-be-modulated data according to a present
modulation format.
[0122] In some embodiments, the modulation apparatus may further include a third determination module 20b and a
fourth determination module 20c.
[0123] The third determination module 20b is configured to determine a parameter scaling rule according to the preset
modulation format and a data length of the to-be-modulated data. The parameter scaling rule is used for scaling the
modulation parameter of the data bit in the second modulation unit.
[0124] The fourth determination module 20c is configured to determine the modulation information according to the
parameter scaling rule.
[0125] In a practical application, the acquisition module 21, the extraction module 22, the format adjustment module
23, the first determination module 24, the arrangement module 25, the second determination module 20a, the third
determination module 20b and the fourth determination module 20c may all be implemented by a processor, such as a
central processing unit (CPU), a micro processor unit (MPU), a digital signal processor (DSP) or a field programmable
gate array (FPGA), in the modulation apparatus (which may be an encoder in the practical application).
[0126] On the basis of the above-mentioned method and the hardware implementation of the apparatus shown in FIG.
5, a modulation apparatus is further provided according to an embodiment of the present invention. FIG. 6 is a structural
diagram of hardware of a modulation apparatus according to an embodiment of the present invention. Referring to FIG.
6, the modulation apparatus includes a processor 31 and a memory 32 connected to the processor 31 through a com-
munication bus.
[0127] The memory 32 is configured to store computer programs (specifically, modulation programs).
[0128] The processor 31 is configured to execute the computer programs to perform steps described below.
[0129] Position adjustment information and modulation information of to-be-modulated data are acquired.
[0130] Bit data of each first modulation unit in the to-be-modulated data is extracted according to the position adjustment
information to obtain first bit data on an odd bit of each first modulation unit and second bit data on an even bit of each
first modulation unit.
[0131] A format adjustment is performed on the extracted bit data according to the position adjustment information to
obtain at least two groups of transition data with a same data length as the to-be-modulated data. Each second modulation
unit in the transition data includes an extension bit and a data bit, and data on the data bit is configured to be the first
bit data or the second bit data.
[0132] A modulation parameter corresponding to each second modulation unit is determined from the modulation
information according to bit data of each second modulation unit in each group of transition data.
[0133] Modulation parameters corresponding to second modulation units in each group of transition data are arranged
according to an arrangement sequence of the second modulation units in each group of transition data to obtain modulated
data.
[0134] In some embodiments, a position arrangement sequence of the first bit data in the transition data is identical
to a position arrangement sequence of the first bit data in the to-be-modulated data, and a position arrangement sequence
of the second bit data in the transition data is identical to a position arrangement sequence of the second bit data in the
to-be-modulated data.
[0135] Alternatively, the position arrangement sequence of the first bit data in the transition data is reverse to the
position arrangement sequence of the first bit data in the to-be-modulated data, and the position arrangement sequence
of the second bit data in the transition data is reverse to the position arrangement sequence of the second bit data in
the to-be-modulated data.
[0136] In some embodiments, in the transition data, the extension bit is located on a higher bit of the second modulation
unit, and the data bit is located on a lower bit of the second modulation unit.
[0137] In some embodiments, the processor 31 is further configured to execute the computer programs to perform a
step described below.
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[0138] Before the position adjustment information and the modulation information of the to-be-modulated data are
acquired, the position adjustment information of the to-be-modulated data is determined according to a preset modulation
format.
[0139] In some embodiments, the processor 31 is further configured to execute, before the position adjustment infor-
mation and the modulation information of the to-be-modulated data are acquired, the computer programs to perform
steps described below.
[0140] Before the position adjustment information and the modulation information of the to-be-modulated data are
acquired, a parameter scaling rule is determined according to the preset modulation format and a data length of the to-
be-modulated data. The parameter scaling rule is used for scaling the modulation parameter of the data bit in the second
modulation unit.
[0141] The modulation information is determined according to the parameter scaling rule.
[0142] A computer storage medium is further provided according to an embodiment of the present invention. The
storage medium is configured to store computer-executable instructions for executing the above-mentioned modulation
method. In a practical application, the computer storage medium is a computer-readable storage medium. The computer-
readable storage medium may be a ferroelectric random access memory (FRAM), a read-only memory (ROM), a pro-
grammable read-only memory (PROM), an erasable programmable read-only memory (EPROM), an electrically-erasable
programmable read-only memory (EEPROM), a flash memory, a magnetic surface memory, a compact disc, a compact
disc-read only memory (CD-ROM) or other memories.
[0143] The above are merely preferred embodiments of the present invention and are not intended to limit the scope
of the present invention. Any modifications, equivalent substitutions, improvements and the like made within the spirit
and scope of the present invention should fall within the scope of the present invention.

INDUSTRIAL APPLICABILITY

[0144] According to the solutions provided by the embodiments of the present invention, the first bit data on the odd
bit and the second bit data on the even bit of each first modulation unit in the to-be-modulated data are extracted according
to the position adjustment information, and the format adjustment is performed on the extracted first bit data and the
extracted second bit data, so that the first bit data is separate from the second bit data in each first modulation unit and
at least two groups of transition data with the same data length as the to-be-modulated data are obtained, where the
data on the data bit of each second modulation unit in the transition data is configured to be the first bit data or the
second bit data. In this way, each first modulation unit in the to-be-modulated data can be divided without a shifting
operation performed on the to-be-modulated data, and the data on the odd bit can be separate from the data on the
even bit of each first modulation unit, thereby improving the modulation efficiency. Further, the modulation parameter
corresponding to each second modulation unit is determined from the modulation information according to the bit data
of each second modulation unit in each group of transition data, and the modulation parameter is allocated to the
corresponding position of the second modulation unit. Since the first bit data on the odd bit is separate from the second
bit data on the even bit of each first modulation unit in the to-be-modulated data, the separate first bit data and second
bit data are scaled, and the modulation parameter is obtained, it is unnecessary to extend the modulation parameter
according to the format of the to-be-modulated data, thereby reducing the occupied memory space and the memory
resource consumption.

Claims

1. A modulation method, comprising:

acquiring position adjustment information and modulation information of to-be-modulated data;
extracting bit data of each first modulation unit in the to-be-modulated data according to the position adjustment
information to obtain first bit data on an odd bit of the each first modulation unit and second bit data on an even
bit of the each first modulation unit;
performing a format adjustment on the extracted bit data according to the position adjustment information to
obtain at least two groups of transition data with a same data length as the to-be-modulated data, wherein each
second modulation unit in the transition data comprises an extension bit and a data bit, and data on the data
bit is configured to be the first bit data or the second bit data;
determining from the modulation information a modulation parameter corresponding to the each second mod-
ulation unit according to bit data of each second modulation unit in each group of transition data; and
arranging, according to an arrangement sequence of second modulation units in the each group of transition
data, modulation parameters corresponding to the second modulation units in the each group of transition data
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to obtain modulated data.

2. The method according to claim 1, wherein a position arrangement sequence of the first bit data in the transition data
is identical to a position arrangement sequence of the first bit data in the to-be-modulated data, and a position
arrangement sequence of the second bit data in the transition data is identical to a position arrangement sequence
of the second bit data in the to-be-modulated data; or
wherein a position arrangement sequence of the first bit data in the transition data is reverse to a position arrangement
sequence of the first bit data in the to-be-modulated data, and a position arrangement sequence of the second bit
data in the transition data is reverse to a position arrangement sequence of the second bit data in the to-be-modulated
data.

3. The method according to claim 1 or 2, wherein the extension bit is located on a higher bit of the second modulation
unit and the data bit is located on a lower bit of the second modulation unit.

4. The method according to claim 1 or 2, wherein before acquiring the position adjustment information and the mod-
ulation information of the to-be-modulated data, the method further comprises:
determining the position adjustment information of the to-be-modulated data according to a preset modulation format.

5. The method according to claim 1 or 2, wherein before acquiring the position adjustment information and the mod-
ulation information of the to-be-modulated data, the method further comprises:

determining a parameter scaling rule according to a preset modulation format and a data length of the to-be-
modulated data, wherein the parameter scaling rule is used for scaling the modulation parameter of the data
bit in the second modulation unit; and
determining the modulation information according to the parameter scaling rule.

6. A modulation apparatus, comprising: an acquisition module, an extraction module, a format adjustment module, a
first determination module and an arrangement module, wherein
the acquisition module is configured to acquire position adjustment information and modulation information of to-
be-modulated data;
the extraction module is configured to extract bit data of each first modulation unit in the to-be-modulated data
according to the position adjustment information to obtain first bit data on an odd bit of the each first modulation unit
and second bit data on an even bit of the each first modulation unit;
the format adjustment module is configured to perform a format adjustment on the extracted bit data according to
the position adjustment information to obtain at least two groups of transition data with a same data length as the
to-be-modulated data, wherein each second modulation unit in the transition data comprises an extension bit and
a data bit, and data on the data bit is configured to be the first bit data or the second bit data;
the first determination module is configured to determine from the modulation information a modulation parameter
corresponding to the each second modulation unit according to bit data of each second modulation unit in each
group of transition data; and
the arrangement module is configured to arrange, according to an arrangement sequence of second modulation
units in the each group of transition data, modulation parameters corresponding to the second modulation units in
the each group of transition data to obtain modulated data.

7. The apparatus according to claim 6, wherein a position arrangement sequence of the first bit data in the transition
data is identical to a position arrangement sequence of the first bit data in the to-be-modulated data, and a position
arrangement sequence of the second bit data in the transition data is identical to a position arrangement sequence
of the second bit data in the to-be-modulated data; or
wherein a position arrangement sequence of the first bit data in the transition data is reverse to a position arrangement
sequence of the first bit data in the to-be-modulated data, and a position arrangement sequence of the second bit
data in the transition data is reverse to a position arrangement sequence of the second bit data in the to-be-modulated
data.

8. The apparatus according to claim 6 or 7, wherein in the transition data, the extension bit is located on a higher bit
of the second modulation unit and the data bit is located on a lower bit of the second modulation unit.

9. The apparatus according to claim 6 or 7, further comprising:
a second determination module, which is configured to determine the position adjustment information of the to-be-
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modulated data according to a modulation format.

10. The apparatus according to claim 6 or 7, further comprising: a third determination module and a fourth determination
module, wherein
the third determination module is configured to determine a parameter scaling rule according to a modulation format
and a data length of the to-be-modulated data, wherein the parameter scaling rule is used for scaling the modulation
parameter of the data bit in the second modulation unit; and
the fourth determination module is configured to determine the modulation information according to the parameter
scaling rule.

11. A modulation apparatus, comprising a processor and a memory, wherein
the memory is configured to store computer programs; and
the processor is configured to execute the computer programs to:

acquire position adjustment information and modulation information of to-be-modulated data;
extract bit data of each first modulation unit in the to-be-modulated data according to the position adjustment
information to obtain first bit data on an odd bit of the each first modulation unit and second bit data on an even
bit of the each first modulation unit;
perform a format adjustment to the extracted bit data according to the position adjustment information to obtain
at least two groups of transition data with a same data length as the to-be-modulated data, wherein each second
modulation unit in the transition data comprises an extension bit and a data bit, and data on the data bit is
configured to be the first bit data or the second bit data;
determine from the modulation information a modulation parameter corresponding to the each second modu-
lation unit according to bit data of each second modulation unit in each group of transition data; and
arranging, according to an arrangement sequence of second modulation units in the each group of transition
data, modulation parameters corresponding to the second modulation units in the each group of transition data
to obtain modulated data.

12. The apparatus according to claim 11, wherein a position arrangement sequence of the first bit data in the transition
data is identical to a position arrangement sequence of the first bit data in the to-be-modulated data, and a position
arrangement sequence of the second bit data in the transition data is identical to a position arrangement sequence
of the second bit data in the to-be-modulated data; or
wherein a position arrangement sequence of the first bit data in the transition data is reverse to a position arrangement
sequence of the first bit data in the to-be-modulated data, and a position arrangement sequence of the second bit
data in the transition data is reverse to a position arrangement sequence of the second bit data in the to-be-modulated
data.

13. The apparatus according to claim 11 or 12, wherein in the transition data, the extension bit is located on a higher
bit of the second modulation unit and the data bit is located on a lower bit of the second modulation unit.

14. The apparatus according to claim 11 or 12, wherein the processor is further configured to execute the computer
programs to:
before acquiring the position adjustment information and the modulation information of the to-be-modulated data,
determine the position adjustment information of the to-be-modulated data according to a modulation format.

15. The apparatus according to claim 11 or 12, wherein the processor is further configured to execute the computer
programs to:

before acquiring the position adjustment information and the modulation information of the to-be-modulated
data, determine a parameter scaling rule according to a modulation format and a data length of the to-be-
modulated data, wherein the parameter scaling rule is used for scaling the modulation parameter of the data
bit in the second modulation unit; and
determine the modulation information according to the parameter scaling rule.

16. A computer storage medium, which is configured to store computer-executable instructions for performing the
modulation method according to any one of claims 1 to 5.
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