Audio Recognition Method and System
Technical Field
[0001] The present application relates to the field of Internet technologies, and in particular, to
an audio recognition method and system.
Background
[0002] With the continuous development of Internet technologies, the Internet has become
an indispensable tool in daily life. A new trend of applications is to achieve recognition of
unknown audios by using Internet devices and to perform audio recognition-based interaction.
[0003] There are many types of applications for audio recognition-based interaction. For
example, one application is that a user hears a song, but does not know the title of the song. A
segment of audio of this song can be recorded, and then the title, singer, and other information of
this song can be recognized using an audio recognition technology.
[0004]) According to the prior art, the recognition is typically performed by extracting and
using feature points of a to-be-recognized audio. As shown in FIG. 1, the x-axis represents time
and the y-axis represents frequency. The extracted feature points are “X” in the figure. Two
feature points constitute a feature point pair, and there are eight feature point pairs in the target
region. Recognition is performed in a database based on feature point pairs, and the database
stores feature points of songs and information of songs, such as song titles, singers, and the like.
If the same feature point pairs can be matched in the same target region in the database, the
matching is successful; and then corresponding song information can be obtained. Under the
inevitable influence by noise during audio recording, however, the extracted feature points may
not necessarily occur at normal positions. As a result, the probability of matching success of
feature point pairs is relatively low.
[0005] In summary, the existing technologies have a deficiency of low matching success rate
based on feature points for audio recognition.
Summary
[0006] An objective of embodiments of the present application is to provide an audio
recognition method and system to solve the problem of the prior art that the matching success
rate of feature points is low in audio recognition.
[0007] To solve the above technical problem, an audio recognition method according to an
embodiment of the present application comprises: performing diffusion processing on a plurality
of first feature points in a spectrogram of a to-be-recognized audio file to obtain a feature point
map; searching in a spectrogram of a target audio file to determine whether second feature points
that respectively correspond to the diffused first feature points in the feature point map exist; if

yes, determining that the to-be-recognized audio file is a part of the target audio file.
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[0008] An audio recognition system according to an embodiment of the present application
comprises: a diffusing unit configured to perform diffusion processing on a plurality of first
feature points in a spectrogram of a to-be-recognized audio file to obtain a feature point map; a
searching unit configured to search in a spectrogram of a target audio file to determine whether
second feature points that respectively correspond to the diffused first feature points in the
feature point map exist; a determining unit configured to determine that the to-be-recognized
audio file is a part of the target audio file when the second feature points that respectively
correspond to the diffused first feature points in the feature point map are found in the
spectrogram of the target audio file.

[0009] It can be seen from the technical solutions according to the embodiments of the present
application that the audio recognition method and system according to the embodiments of the
present application can reduce deviation errors of first feature points caused by noises, through
diffusing the first feature points in a spectrogram of a to-be-recognized audio file; consequently,
the matching rate of first feature points with a target audio file is improved after the diffusion
processing, namely the matching success rate of feature points is improved.

Brief Description of the Drawings

[0010] To more clearly describe technical solutions in the embodiments of the present
application or the prior art, the accompanying drawings to be used in the description of the
embodiments or the prior art will be described briefly as follows. It would be obvious that the
accompanying drawings in the following description merely illustrate some embodiments
recorded in the present application. To a person skilled in the art, other drawings may be further
obtained according to these drawings without inventive effort.

[0011] FIG. 1 is a schematic diagram of performing recognition with feature point pairs
according to the prior art;

[0012] FIG. 2 is a flow chart of an audio recognition method according to an embodiment of
the present application;

[0013] FIG. 3 is a schematic diagram of a spectrogram of a to-be-recognized audio file;
[0014] FIG. 4ais a schematic diagram of first feature points before diffusion processing;
[0015] FIG. 4b is a schematic diagram of the first feature points after the diffusion processing;
[0016] FIG. 5 is a method flow chart of steps for S120 in FIG. 2;

[0017] FIG. 6 is a schematic diagram of searching in a spectrogram of a target audio file for
second feature points that respectively correspond to the diffused first feature points in a feature
point map;

[0018] FIG. 7 is a flow chart of an audio recognition method according to an embodiment of
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[0019] FIG. 8a is a schematic diagram of first feature points determined in a spectrogram,;
[0020] FIG. 8b is an enlarged partial view of FIG. 8a;

[0021] FIG. 9 is a schematic diagram of modules of an audio recognition system according to
an embodiment of the present application.

Detailed Description

[0022] To enable a person skilled in the art to better understand the technical solutions in the
present application, the technical solutions in the embodiments of the present application will be
clearly and completely described below with reference to the accompanying drawings in the
embodiments of the present application. Apparently, the described embodiments are merely some,
rather than all, of the embodiments of the present application. All other embodiments obtainable
by a person skilled in the art on the basis of the embodiments of the present application and
without inventive effort shall fall within the scope of the present application.

[0023] FIG. 2 is a flow chart of an audio recognition method according to an embodiment of
the present application. In the present embodiment, the audio recognition method comprises the
following steps:

[0024] S110: performing diffusion processing on a plurality of first feature points in a
spectrogram of a to-be-recognized audio file to obtain a feature point map.

[0025] The spectrogram is also referred to as an audio spectrogram, which is usually obtained
by processing received temporal signals. Typically, the x-axis of a spectrogram 1is used to
represent time, the y-axis is used to represent frequency, and values of coordinate points
represent audio data energy. A 2-dimensional plane can usually be used to express 3-dimensional
information. Therefore, colors can be used to represent the magnitude of energy values of audio
data represented by the values of coordinate points. For example, a spectrum of color may be
used. When the color becomes darker, it indicates that the audio energy of a coordinate point is
stronger; conversely, a coordinate point having a lighter color can indicate that the audio energy
of the coordinate point is weaker. Moreover, a grayscale may be used. When a coordinate point
has a color closer to white, it indicates that the audio energy of the coordinate point is stronger;
conversely, a coordinate point having a color closer to black can indicate that the audio energy of
the coordinate point is weaker.

[0026] As such, a spectrogram can intuitively represent spectral characteristics of audio signals
that vary with time. The intensity of any particular frequency component at a given moment can
be represented by a degree of grayscale or tone of a corresponding point.

[0027] For example, a spectrogram can be obtained through the following steps:

[0028] Al: dividing a to-be-recognized audio file into frames according to a preset time.

[0029] The preset time may be an empirical value obtained by a user according to the past
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experience. In the present embodiment, the preset time includes 32 ms. Namely, the
to-be-recognized audio file can be divided into frames according to 32 ms to obtain audio
segments of 32 ms each frame and 16 ms frame overlap.

[0030] A2: performing short-time spectral analysis on the audio segments after the frame
division processing to obtain a spectrogram.

[0031] The short-time spectral analysis includes Fast Fourier Transformation (FFT). FFT is a
fast algorithm of Discrete Fourier Transformation, and FFT can be used to transform audio
signals to a spectrogram that records joint distribution information in time domain and frequency
domain.

[0032] Since frames are divided at 32 ms and 32 ms corresponds to an 8,000 hz sampling, 256
frequency points can be obtained after the FFT calculation.

[0033] As shown in FIG. 3, the x-axis can represent a number of frames, namely the number of
frames of an audio file after the frame division processing, which corresponds to the width of a
spectrogram; the y-axis can represent frequency, and there are a total of 256 frequency points,
which correspond to the height of the spectrogram; and the values of coordinate points represent
energy of first feature points.

[0034] Preferably, after performing short-time spectral analysis on the audio segments after the
frame division processing, the method may further comprise:

[0035] AS3: extracting a frequency segment of 300-2k hz after the short-time spectral analysis.
[0036] As regular songs have main frequencies clustered in the frequency segment of 300-2k
hz, the present embodiment can eliminate the negative impact of noises from other frequency
segments on the frequency segment by extracting the frequency segment of 300-2k hz.

[0037] In another embodiment of the present application, before the step S110, the method may
further comprise: normalizing energy values of first feature points in a spectrogram of a
to-be-recognized audio file to grayscale values of the first feature points.

[0038] In the present embodiment, the range of energy values of the first feature points after
FFT is relatively broad, which may reach 0-2% or even 0-2'° (the range of energy values is
proportional to the signal intensity of the audio file). As a result, the energy values are
normalized into a range of 0-255 herein, such that 0-255 may correspond to grayscale values
with 0 representing black and 255 representing white.

[0039] A regular normalizing method comprises: traversing energy values of first feature points
in the entire spectrogram to obtain a maximum value and a minimum value;

[0040] Normalizing the first feature points:

[0041] v = 255, min) Q)

(Ymax—Vmin)



[0042] Wherein V is energy value of a first feature point, Vi, is the minimum value, and Vpax
is the maximum value.

[0043] Embodiments of the present application may adopt the above regular normalizing
method. However, Vi, obtained with such a normalizing method could be too low when some

weak sounds are present. For example, it is possible that Vi, approaches 0 such that the

v

normalization equation becomes v = 255. . As such, the equation is independent from Viyn.

Vmax

As such, the Vi, becomes unrepresentative and impacts the overall normalizing results.

[0044] Embodiments of the present application provide a new normalizing method which may
comprise: traversing a spectrogram frame by frame with a first preset length as a window;
acquiring a local maximum value and a local minimum value among energy values of first
feature points within the window; and normalizing, according to the local maximum value and
the local minimum value, the energy values of the first feature points to grayscale values of the
first feature points.

[0045] The equation shown in (2) is used, wherein V is the energy value of a first feature point,
Vmin 1S the local minimum value, and V .y is the local maximum value.

[0046] The present embodiment describes what happens after the frame division processing,
and the first preset length may comprise T frames preceding the current frame and T frames
following the current frame. Namely, the first preset length is 2T frames, and 2T+1 frames are
greater than 1 s.

[0047] With the normalizing method provided in the present embodiment, some weak sounds
can only impact normalization results within the first preset length in which they are located, but
cannot impact normalization results beyond the first preset length. Therefore, this normalizing
method can reduce the impact of weak sounds on the overall normalizing results.

[0048] The diffusion processing may comprise Gauss function diffusion processing. Namely,
the Gauss function is used for diffusion processing on first feature points. The diffusion
processing may further comprise amplification processing. Namely, the first feature points are
amplified by several times, for example, amplified by 10 times.

[0049] Gauss function diffusion processing is described as an example below, which uses the
following equation:

[0050] f(x) = ae~(*~D)*/c? 1)

[0051] Wherein a, b, and ¢ are constants, and a>0.

[0052] Namely, the equation (1) is used to perform Gauss function diffusion processing on the
radius or diameter of a first feature point.

[0053] Amplification processing of a first feature point is used as an example below, in which
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the radius or diameter of the first feature point is amplified, for example, the radius or diameter is
amplified by 10 times. In some embodiments, certainly, the first feature point may be amplified
by several times and then become at least one of a circle, a rhombus, a rectangle, or etc.

[0054] As shown in FIG. 4a, white dots (first feature points of a to-be-recognized audio file)
and black dots (feature points of a target audio file) are not at the same locations before the
diffusion processing, and as a result, there are not many second feature points ultimately
obtained through matching. As shown in FIG. 4b, the white dots are diffused from individual
dotted areas into regions after the diffusion processing, and all the regions overlap with the black
dots.

[0055] The diffusion processing can cause a first feature point to diffuse from a dot into a
region, and then can have some resistance against interference by noises. For example, due to the
interference by noises, the first feature points of a recorded audio may slightly differ from the
positions of the first feature points of the original audio. A such difference can be negligible in
the diffusion processing, and the number of second feature points obtained through matching is
increased.

[0056] S120: searching in a spectrogram of a target audio file to determine whether second
feature points that respectively correspond to the diffused first feature points in the feature point
map exist.

[0057] As shown in FIG. 5, the step S120 may comprise:

[0058] S121: traversing the spectrogram of the target audio file frame by frame with the feature
point map as a window;

[0059] S122: determining, in the each traversing process, feature points in the spectrogram of
the target audio file inside the window that have coordinates within a range of coordinates of the
first feature points in the window after the diffusion processing as the second feature points;
[0060] S123: searching in the spectrogram of the target audio file inside the window to
determine whether the second feature points that respectively correspond to the diffused first
feature points exist.

[0061] FIG. 6 is a schematic diagram of searching in a spectrogram of a target audio file for
second feature points that respectively correspond to the diffused first feature points in a feature
point map. Assuming that the number of frames of the feature point map is N, the number of
frames of the spectrogram of the target audio file is L, and the L is greater than or equal to N.
First, a region with the number of frames being [0, N] in the spectrogram of the target audio file
is searched; subsequently, a region of [1, N+1] is searched; such frame by frame search is
performed until the region of [L-N, L] is traversed. In the each traversing process, t in the

window of [t, t+N] of each frame is the number of frames, and feature points in the spectrogram
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of the target audio file that have coordinates within a range of coordinates of the first feature
points after the diffusion processing are determined as second feature points. Search is performed
in the target audio file for second feature points that respectively correspond to the diffused first
feature points.

[0062] In other embodiments, all audio files in a database may be traversed. As such, audio
information of a to-be-recognized audio file can be more accurately recognized.

[0063] S130: if yes, determining that the spectrogram of the to-be-recognized audio file is a
part of the target audio file.

[0064] If second feature points that respectively correspond to the diffused first feature points
are found in the spectrogram of the to-be-recognized audio file, it can be determined that the
to-be-recognized audio file is a part of the target audio file.

[0065] By performing the diffusion processing on first feature points in a spectrogram of a
to-be-recognized audio file in the present embodiment, the deviation of the first feature points
caused by noise can be reduced; consequently, the matching rate of first feature points with a
target audio file is improved after the diffusion processing, namely the matching success rate of
feature points is improved.

[0066] In one embodiment of the present application, the step S122 may comprise: determining
a degree of matching between first feature points and feature points in the spectrogram of the
target audio file inside the window that have coordinates within a range of coordinates of the first
feature points in the window after the diffusion processing; and determining feature points with
the degree of matching greater than a first threshold value as second feature points.

[0067] The degree of matching comprises a ratio of the number of feature points in the
spectrogram inside the window that are within a range of coordinates of the diffused first feature
points to the number of the first feature points, or a sum of energy values or grayscale values of
the first feature points corresponding to the feature points in the spectrogram inside the window
that are within a range of coordinates of the diffused first feature points. The first threshold value
may be a statistical result by a user according to comprehensive relevant factors.

[0068] With the ratio of the number of feature points in the spectrogram inside the window that
are within a range of coordinates of the diffused first feature points to the number of the first
feature points as an example, if the number of the diffused first feature points is 100 and the
number of the feature points is 60, the degree of matching between the first feature points and
the feature points is 60%. If the first threshold value is 80%, the feature points are determined to
be the second feature points.

[0069] With a sum of energy values of the first feature points corresponding to the feature

points in the spectrogram inside the window that are within a range of coordinates of the diffused
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first feature points as an example, if the number of the feature points is 10, the energy values of
the 10 first feature points corresponding to these 10 feature points are added to obtain a sum of
energy values. If the sum of energy values is greater than the first threshold value, the feature
points are determined to be the second feature points.

[0070] With a sum of grayscale values of the first feature points corresponding to the feature
points in the spectrogram inside the window that are within a range of coordinates of the diffused
first feature points as an example, if the number of the feature points is 10, the grayscale values
of the 10 first feature points corresponding to these 10 feature points are added to obtain a sum
of grayscale values. If the sum of grayscale values is greater than the first threshold value, the
feature points are determined to be the second feature points.

[0071] In one embodiment of the present application, before the step S110, the method may
further comprise S101 and S102, as shown in FIG. 7:

[0072] S101: using feature points comprised in the spectrogram of a to-be-recognized audio
file that have energy values or grayscale values greater than a second threshold value as key
points.

[0073] The second threshold value may be a statistical result by a user according to
comprehensive relevant factors. The smaller the second threshold value is, the more key points
can be extracted, which may then lead to a longer subsequent matching time. The greater the
second threshold value is, the fewer key points can be extracted, which may then lead to an
overly low probability of subsequent matching success.

[0074] S102: if the energy value or grayscale value of the key point is a maximum value in a
preset region, determining the key point as the first feature point.

[0075] The preset region may be a circular region with the key point as the center and
determined according to a preset radius; or a rectangular region with the key point as the center
and determined according to a preset length and width.

[0076] The preset region may be a statistical result by a user according to comprehensive
relevant factors. The smaller the preset region is, the more first feature points can be determined,
which may then lead to a longer subsequent matching time. The larger the preset region is, the
fewer first feature points can be determined, which may then lead to an overly low probability of
subsequent matching success.

[0077] FIG. 8ais a schematic diagram of first feature points determined in a spectrogram.
White dots in the figure are first feature points. For example, it is assumed that the second
threshold value is 30 and the preset region is 15*15 (with the key point as the center, 15 frames
are obtained on the x-axis and a length of 15 is obtained on the y-axis), and FIG. 8b is an

enlarged partial view of FIG. 8a. When the energy value or grayscale value of a white dot in the
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figure is greater than the second threshold value of 30 and is still the maximum value in the
preset region of 15*15, such a dot is extracted as a first feature point.

[0078] The present embodiment of the present application is different from the previous
embodiment in that feature points with high energy values or grayscale values in a spectrogram
are extracted as first feature points, which can eliminate the interference by feature points with
low energy on subsequent matching and can greatly reduce the amount of data for the diffusion
processing, thereby improving the system performance.

[0079] In one embodiment of the present application, the target audio file can carry audio
information. When the present application is applied in a song recognition scenario, the audio
information may include song names. A user records a to-be-recognized audio file with unknown
song names or a to-be-recognized audio file that is a song with an unknown song name. When it
is determined that the to-be-recognized audio file is a part of a target audio file, the song name of
the to-be-recognized audio file can be recognized.

[0080] FIG. 9 is a schematic diagram of modules of an audio recognition system according to
an embodiment of the present application. In the present embodiment, the audio recognition
system comprises: a diffusing unit 210 configured to diffuse first feature points in a spectrogram
of a to-be-recognized audio file to obtain a feature point map, wherein there are a plurality of
first feature points; a searching unit 220 configured to search in a spectrogram of a target audio
file to determine whether second feature points exist that respectively correspond to the diffused
first feature points in the feature point map; a determining unit 230 configured to determine that
the to-be-recognized audio file is a part of the target audio file when a region in which second
feature points respectively correspond to the diffused first feature points in the feature point map
is found in the spectrogram of the target audio file.

[0081] Preferably, before the diffusing unit 210, the audio recognition system may further
comprise: a normalizing unit configured to normalize energy values of first feature points in a
spectrogram of a to-be-recognized audio file to grayscale values of the first feature points.
[0082] Preferably, the diffusing processing comprises at least one of Gauss function diffusion
processing or amplification processing.

[0083] Preferably, the normalizing unit may comprise: a first normalizing sub-unit configured
to traverse a spectrogram frame by frame with a first preset length as a window; a second
normalizing sub-unit configured to acquire a local maximum value and a local minimum value
among energy values of first feature points within the window; and a third normalizing sub-unit
configured to normalize, according to the local maximum value and the local minimum value,
the energy values of first feature points to grayscale values of the first feature points.

[0084] Preferably, the searching unit 220 may comprise: a first searching sub-unit configured
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to traverse the spectrogram of the target audio file frame by frame with the feature point map as a
window; a second searching sub-unit configured to determine, in each traversing process, feature
points in the spectrogram of the target audio file inside the window that have coordinates within
a range of coordinates of the first feature points in the window after the diffusion processing as
second feature points; and a third searching sub-unit configured to search in the spectrogram of
the target audio file inside the window to determine whether second feature points exist that
respectively correspond to the diffused first feature points.

[0085] Preferably, the second searching sub-unit may comprise: a fourth searching sub-unit
configured to determine a degree of matching between the first feature points and feature points
in the spectrogram of the target audio file inside the window that have coordinates within a range
of coordinates of the first feature points in the window after the diffusion processing; and a fifth
searching sub-unit configured to determine feature points with the degree of matching greater
than a first threshold value as second feature points.

[0086] Preferably, the degree of matching comprises a ratio of the number of feature points in
the spectrogram inside the window that are within a range of coordinates of the diffused first
feature points to the number of the first feature points, or a sum of energy values or grayscale
values of the first feature points corresponding to the feature points in the spectrogram inside the
window that are within a range of coordinates of the diffused first feature points.

[0087] Preferably, before the diffusion processing, the audio recognition system may further
comprise: a first processing unit configured to use feature points comprised in the spectrogram of
a to-be-recognized audio file that have energy values or grayscale values greater than a second
threshold value as key points; and a second processing unit configured to determine, if the
energy value or grayscale value of the key point is the maximum value in a preset region, the key
point as a first feature point.

[0088] Preferably, the target audio file carries audio information, and the audio information
includes song names.

[0089] In the 1990s, an improvement to a technology could be clearly differentiated into a
hardware improvement (e.g. an improvement to a circuit structure, such as a diode, a transistor, a
switch, and the like) or a software improvement (an improvement to a flow of a method). Along
with the technological development, however, many current improvements to method flows can
be deemed as direct improvements to hardware circuit structures. Designers usually obtain a
corresponding hardware circuit structure by programming an improved method flow into a
hardware circuit. Therefore, an improvement to a method flow can be realized with
implementing a hardware module. For example, Programmable Logic Device (PLD) (e.g. Field

Programmable Gate Array (FPGA)) is such an integrated circuit that its logic functions are
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determined by a user through programming the device. A designer can program to “integrate” a
digital system onto one piece of PLD, without asking a chip manufacturer to design and
manufacture a dedicated IC chip. At present, moreover, this type of programming has mostly
been implemented through “logic compiler” software, rather than manually manufacturing the IC
chips. The logic compiler software is similar to a software compiler used for program
development and writing, while a particular programming language is used for writing source
codes prior to compiling, which is referred to as a Hardware Description Language (HDL). There
is not just one, but many types of HDL, such as ABEL (Advanced Boolean Expression
Language), AHDL (Altera Hardware Description Language), Confluence, CUPL (Cornell
University Programming Language), HDCal, JHDL (Java Hardware Description Language),
Lava, Lola, MyHDL, PALASM, RHDL (Ruby Hardware Description Language) and the like.
The most commonly used HDL currently includes VHDL (Very-High-Speed Integrated Circuit
Hardware Description Language) and Verilog. A person skilled in the art would have known
obtaining a hardware circuit to implement a logic method flow by using the above HDLs to
perform some logic programming on the method flow and program it into an IC.

[0090] A controller may be implemented in any proper manner. For example, a controller may
be in a form of a microprocessor or processor, as well as a computer readable medium that stores
computer readable program codes (e.g. software or firmware) executable by the (micro)processor,
a logic gate, a switch, an Application Specific Integrated Circuit (ASIC), a programmable logic
controller and an embedded microcontroller. Examples of the controller include, but are not
limited to, the following microcontrollers: ARC 625D, Atmel AT91SAM, Microchip
PIC18F26K20 and Silicone Labs C8051F320. A memory controller may further be implemented
as a part of a control logic of a memory. A person skilled in the art should also be aware that, in
addition to that a controller is implemented in a manner of pure computer readable program
codes, it is totally feasible to perform logic programming on steps of a method to enable a
controller to implement the same functions in a form of a logic gate, a switch, an ASIC, a
programmable logic controller and an embedded microcontroller. Therefore, such a controller
can be deemed as a hardware part, while devices comprised therein and configured to carry out
various functions may also be deemed as a structure inside the hardware part. Alternatively,
devices configured to carry out various functions may even be deemed as both software modules
to implement a method and a structure inside a hardware part.

[0091] The system, apparatus, module or unit described in the above embodiments may be
implemented by a computer chip or entity or implemented by a product having a function.

[0092] For convenience of description, the above apparatus is divided into various units

according to functions for separate description. Certainly, functions of the units may be
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implemented in one or multiple pieces of software and/or hardware when implementing the
present application.

[0093] A person skilled in the art should understand that the embodiments of the present
invention may be provided as a method, a system, or a computer program product. Therefore, the
present invention may be implemented as a complete hardware embodiment, a complete
software embodiment, or an embodiment combining software and hardware. Moreover, the
present invention may be implemented in the form of a computer program product implemented
on one or more computer usable storage media (including, but not limited to, a magnetic disk
memory, CD-ROM, an optical memory, and the like) comprising computer usable program codes
therein.

[0094] The present invention is described with reference to flowcharts and/or block diagrams
of the method, device (system) and computer program product according to the embodiments of
the present invention. It should be understood that a computer program instruction may be used
to implement each process and/or block in the flowcharts and/or block diagrams and a
combination of processes and/or blocks in the flowcharts and/or block diagrams. These computer
program instructions may be provided for a general-purpose computer, a special-purpose
computer, an embedded processor, or a processor of other programmable data processing devices
to generate a machine, such that the instructions executed by a computer or a processor of other
programmable data processing devices generate an apparatus for implementing a specified
function in one or more processes in the flowcharts and/or in one or more blocks in the block
diagrams.

[0095] These computer program instructions may also be stored in a computer readable
memory that can instruct a computer or other programmable data processing devices to work in a
particular manner, such that the instructions stored in the computer readable memory generate a
manufactured article that includes an instruction apparatus. The instruction apparatus implements
a specified function in one or more processes in the flowcharts and/or in one or more blocks in
the block diagrams.

[0096] These computer program instructions may also be loaded onto a computer or other
programmable data processing devices, such that a series of operational steps are performed on
the computer or other programmable devices, thereby generating computer-implemented
processing. Therefore, the instructions executed on the computer or other programmable devices
provide steps for implementing a specified function in one or more processes in the flowcharts
and/or in one or more blocks in the block diagrams.

[0097] In atypical configuration, the computation device includes one or more Central

Processing Units (CPUs), input/output interfaces, network interfaces, and a memory.
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[0098] The memory may include computer readable media, such as a volatile memory, a
Random Access Memory (RAM), and/or a non-volatile memory, e.g., a Read-Only Memory
(ROM) or a flash RAM. The memory is an example of a computer readable medium.

[0099] Computer readable media include permanent, volatile, mobile and immobile media,
which can implement information storage through any method or technology. The information
may be computer readable instructions, data structures, program modules or other data.
Examples of storage media of computers include, but are not limited to, Phase-change RAMs
(PRAMs), Static RAMs (SRAMs), Dynamic RAMs (DRAMSs), other types of Random Access
Memories (RAMs), Read-Only Memories (ROMs), Electrically Erasable Programmable
Read-Only Memories (EEPROMs), flash memories or other memory technologies, Compact
Disk Read-Only Memories (CD-ROMs), Digital Versatile Discs (DVDs) or other optical
memories, cassettes, cassette and disk memories or other magnetic memory devices or any other
non-transmission media, which can be used for storing information accessible to a computation
device. According to the definitions herein, the computer readable media do not include
transitory media, such as modulated data signals and carriers.

[0100] It should be further noted that the terms of “including”, “comprising” or any other
variants thereof intend to encompass a non-exclusive inclusion, such that a process, method,
commodity or device comprising a series of elements not only comprises these elements, but also
comprises other elements that are not listed, or further comprises elements that are inherent to
the process, method, commodity or device. When there is no further restriction, elements defined
by the statement “comprising one...” does not exclude additional similar elements in a process,
method, commodity, or device that comprises the defined elements.

[0101] A person skilled in the art should understand that the embodiments of the present
application may be provided as a method, a system, or a computer program product. Therefore,
the present application may be implemented as a complete hardware embodiment, a complete
software embodiment, or an embodiment combining software and hardware. Moreover, the
present application may be in the form of a computer program product implemented on one or
more computer usable storage media (including, but not limited to, a magnetic disk memory,
CD-ROM, an optical memory, and the like) comprising computer usable program codes therein.
[0102] The present application may be described in a regular context of a computer executable
instruction that is executed by a computer, such as a program module. Generally, the program
module comprises a routine, a program, an object, a component, a data structure, and the like for
executing a particular task or implementing a particular abstract data type. The present
application may also be practiced in distributed computing environments. In these distributed

computing environments, remote processing devices connected via communication networks
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carry out tasks. In the distributed computing environments, a program module can be located in
local and remote computer storage media, including storage devices.

[0103] The embodiments in this description are described in a progressive manner with each
embodiment focusing on differences from other embodiments, and the embodiments may be
mutually referenced for identical or similar parts thereof. For the system embodiment, in
particular, the description thereof is relatively simple as it is substantially similar to the method
embodiment. The description of the method embodiment may be referenced for related parts
thereof.

[0104] The embodiments of the present application are described above are merely exemplary,
and are not used to limit the present application. To a person skilled in the art, the present
application may be modified or changed in various ways. Any modification, equivalent
substitution or improvement made within the spirit and principle of the present application shall

fall within the scope of the claims of the present application.
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What is claimed is:
1. An audio recognition method, comprising:

performing diffusion processing on a plurality of first feature points in a spectrogram of a
to-be-recognized audio file to obtain a feature point map;

searching in a spectrogram of a target audio file to determine whether second feature points
that respectively correspond to the diffused first feature points in the feature point map exist;

if yes, determining that the to-be-recognized audio file is a part of the target audio file.

2. The method according to claim 1, wherein, before the step of performing diffusion processing
on first feature points in a spectrogram of a to-be-recognized audio file, the method further
comprises:

normalizing energy values of the first feature points in the spectrogram of the

to-be-recognized audio file to grayscale values of the first feature points.

3. The method according to claim 1 or 2, wherein the diffusing processing comprises at least one

of Gauss function diffusion processing or amplification processing.

4. The method according to claim 2, wherein the step of normalizing energy values of the first
feature points in the spectrogram of the to-be-recognized audio file to grayscale values of the
first feature points comprises:

traversing the spectrogram frame by frame with a first preset length as a window;

acquiring a local maximum value and a local minimum value among the energy values of
the first feature points within the window;

normalizing, according to the local maximum value and the local minimum value, the

energy values of the first feature points to grayscale values of the first feature points.

5. The method according to claim 1 or 2, wherein the step of searching in a spectrogram of a
target audio file to determine whether second feature points that respectively correspond to the
diffused first feature points in the feature point map exist comprises:

traversing the spectrogram of the target audio file frame by frame with the feature point map
as a window;

determining, in the each traversing process, feature points in the spectrogram of the target
audio file inside the window that have coordinates within a range of coordinates of the first
feature points in the window after the diffusion processing as the second feature points;

searching in the spectrogram of the target audio file inside the window to determine whether
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the second feature points that respectively correspond to the diffused first feature points exist.

6. The method according to claim 5, wherein the step of determining feature points in the
spectrogram of the target audio file inside the window that have coordinates within a range of
coordinates of the first feature points in the window after the diffusion processing as the second
feature points comprises:

determining a degree of matching between the first feature points and the feature points in
the spectrogram of the target audio file inside the window that have coordinates within the range
of coordinates of the first feature points in the window after the diffusion processing;

determining feature points with the degree of matching greater than a first threshold value as

the second feature points.

7. The method according to claim 6, wherein the degree of matching comprises a ratio of a
number of feature points in the spectrogram inside the window that are within a range of
coordinates of the diffused first feature points to a number of the first feature points, or a sum of
energy values or grayscale values of the first feature points corresponding to the feature points in
the spectrogram inside the window that are within a range of coordinates of the diffused first

feature points.

8. The method according to claim 1 or 2, wherein, before the step of diffusing first feature points
in a spectrogram of a to-be-recognized audio file, the method further comprises:

using feature points comprised in the spectrogram of a to-be-recognized audio file that have
energy values or grayscale values greater than a second threshold value as key points;

if the energy value or grayscale value of the key point is a maximum value in a preset region,

determining the key point as the first feature point.

9. The method according to claim 1, wherein the target audio file carries audio information, and

the audio information includes song names.

10. An audio recognition system, comprising:

a diffusing unit configured to perform diffusion processing on a plurality of feature points in
a spectrogram of a to-be-recognized audio file to obtain a feature point map;

a searching unit configured to search in a spectrogram of a target audio file to determine
whether second feature points that respectively correspond to the diffused first feature points in

the feature point map exist;
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a determining unit configured to determine that the to-be-recognized audio file is a part of
the target audio file when the second feature points that respectively correspond to the diffused

first feature points in the feature point map are found in the spectrogram of the target audio file.

11. The system according to claim 10, wherein, before the diffusing unit, the system further
comprises:
a normalizing unit configured to normalize the energy values of first feature points in the

spectrogram of the to-be-recognized audio file to grayscale values of the first feature points.

12. The system according to claim 10 or 11, wherein the diffusing processing comprises at least

one of Gauss function diffusion processing or amplification processing.

13. The system according to claim 11, wherein the normalizing unit comprises:

a first normalizing sub-unit configured to traverse a spectrogram frame by frame with a first
preset length as a window;

a second normalizing sub-unit configured to acquire a local maximum value and a local
minimum value among the energy values of the first feature points within the window;

a third normalizing sub-unit configured to normalize, according to the local maximum value
and the local minimum value, the energy values of the first feature points to grayscale values of

the first feature points.

14. The system according to claim 10 or 11, wherein the searching unit comprises:

a first searching sub-unit configured to traverse the spectrogram of the target audio file
frame by frame with the feature point map as a window;

a second searching sub-unit configured to determine, in the each traversing process, feature
points in the spectrogram of the target audio file inside the window that have coordinates within
a range of coordinates of the first feature points in the window after the diffusion processing as
the second feature points;

a third searching sub-unit configured to search in the spectrogram of the target audio file
inside the window to determine whether the second feature points that respectively correspond to

the diffused first feature points exist.

15. The system according to claim 14, wherein the second searching sub-unit comprises:
a fourth searching sub-unit configured to determine a degree of matching between the first

feature points and the feature points in the spectrogram of the target audio file inside the window
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that have coordinates within the range of coordinates of the first feature points in the window
after the diffusion processing;
a fifth searching sub-unit configured to determine feature points with the degree of matching

greater than a first threshold value as the second feature points.

16. The system according to claim 15, wherein the degree of matching comprises a ratio of a
number of feature points in the spectrogram inside the window that are within a range of
coordinates of the diffused first feature points to a number of the first feature points, or a sum of
energy values or grayscale values of the first feature points corresponding to the feature points in
the spectrogram inside the window that are within a range of coordinates of the diffused first

feature points.

17. The system according to claim 10 or 11, wherein, before the diffusion processing, the system
further comprises:

a first processing unit configured to use feature points comprised in the spectrogram of a
to-be-recognized audio file that have energy values or grayscale values greater than a second
threshold value as key points;

a second processing unit configured to determine, if the energy value or grayscale value of

the key point is a maximum value in a preset region, the key point as the first feature point.

18. The system according to claim 10, wherein the target audio file carries audio information,

and the audio information includes song names.
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