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Description 

 

AUDIO FINGERPRINT EXTRACTION METHOD AND 

DEVICE 

 

Cross-reference to Related Applications 

[0001] The application  claims priority to Chinese Patent Application 

No. 201810273669.6 filed on March 29, 2018, the entire contents of 

which are incorporated herein by reference. 

 

Technical Field 

[0002] The disclosure relates to an audio process technology, in particular 

to an audio fingerprint extraction method and device. 

 

Background Art 

[0003] An audio fingerprint (or called an audio feature) and audio 

fingerprint retrieval are widely applied in the current “multimedia 

information society”. The audio fingerprint retrieval is firstly applied to 

music listening for song searching, i.e., a piece of audio is input, and the 

fingerprint feature of the audio is extracted and compared to recognize a 

corresponding song. In addition, the audio fingerprint retrieval can also 

be applied to content monitoring, such as audio repetition removal, voice 

advertisement monitoring based on retrieval, audio copyright and the like. 

[0004] A conventional audio fingerprint search method has the problem 

of poor accuracy to some extent due to poor accuracy of the extracted 

audio fingerprint. The conventional audio fingerprint extraction method 

suffers problems such as the poor robustness with respect to noises and 
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complex processes. 

 

Summary 

[0005] An objective of the disclosure is to provide a new audio 

fingerprint extraction method and device. 

[0006] The objective of the disclosure is achieved by adopting the 

technical solution as follows. An audio fingerprint extraction method 

provided by the disclosure includes following steps: converting an audio 

signal to a spectrogram; determining one or more characteristic points in 

the spectrogram; in the spectrogram, determining one or more masks for 

the one or more characteristic points; determining mean energy of each of 

the plurality of spectrum regions; determining one or more audio 

fingerprint bits according to the mean energy of the plurality of spectrum 

regions in the one or more masks; judging credibility of the one or more 

audio fingerprint bits to determine one or more weight bits; and 

combining the one or more audio fingerprint bits and the one or more 

weight bits to obtain an audio fingerprint. Each of the one or more masks 

comprise a plurality of spectrum regions. 

[0007] The objective of the disclosure can further employ the following 

technology to be achieved. 

[0008] In the foregoing audio fingerprint extraction method, the process 

of converting an audio signal to a spectrogram comprises: converting the 

audio signal to a two-dimensional time-frequency spectrogram by fast 

Fourier transformation; wherein a value of each point in the spectrogram 

indicates energy of the audio signal. 

[0009] In the foregoing audio fingerprint extraction method, the process 

of converting an audio signal to a spectrogram further comprises: 

processing the spectrogram by MEL transformation. 

[0010] In the foregoing audio fingerprint extraction method, the process 
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of converting an audio signal to a spectrogram further comprises: 

processing the spectrogram by human auditory system filtering. 

[0011] In the foregoing audio fingerprint extraction method, each of the 

one or more characteristic points is a fixed point in the spectrogram.  

[0012] In the foregoing audio fingerprint extraction method, each of the 

one or more characteristic points is a point whose frequency is equal to 

one of a plurality of pre-set frequency values. 

[0013] In the foregoing audio fingerprint extraction method, each of the 

one or more characteristic points is a maximal energy point in the 

spectrogram, or each of the one or more characteristic points is a minimal 

energy point in the spectrogram. 

[0014] In the foregoing audio fingerprint extraction method, the plurality 

of spectrum regions comprised in the one or more masks are symmetrical 

distributed. 

[0015] In the foregoing audio fingerprint extraction method, the plurality 

of spectrum regions comprised in the one or more masks have an 

identical frequency range, and/or an identical time range, and/or are 

centrosymmetric with the characteristic point as a center. 

[0016] In the foregoing audio fingerprint extraction method, the mean 

energy of each of the plurality of spectrum regions is a mean value of 

energy values of all points comprised in the spectrum region. 

[0017] In the foregoing audio fingerprint extraction method, the process 

of determining one or more audio fingerprint bits according to mean 

energy of the plurality of spectrum regions in the one or more masks 

comprises: determining one of the one or more audio fingerprint bits 

according to a difference value of the mean energy of the plurality of 

spectrum regions comprised in one mask. 

[0018] In the foregoing audio fingerprint extraction method, the process 

of judging credibility of the one or more audio fingerprint bits to 
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determine one or more weight bits comprises: judging whether an 

absolute value of the difference value attains or exceeds a pre-set weight 

bit threshold, if it attains or exceeds the pre-set weight bit threshold, 

determining the audio fingerprint bit to be a strong bit, otherwise 

determining the audio fingerprint bit to be a weak bit; determining the 

weight bit according to the audio fingerprint bit is the strong bit or the 

weak bit. 

[0019] In the foregoing audio fingerprint extraction method, the weight 

bit threshold is a fixed value, or a value based on the difference value, or 

a scale value. 

[0020] In the foregoing audio fingerprint extraction method, the audio 

fingerprint extraction method further comprises: dividing the audio signal 

into a plurality of audio sub-signals according to time; extracting the 

audio fingerprints of the plurality of audio sub-signals; and combining the 

audio fingerprints of the plurality of audio sub-signals to obtain the audio 

fingerprint of the audio signal. 

[0021] The objective of the disclosure is further achieved by adopting the 

technical solution as follows. An audio fingerprint library construction 

method provided by the disclosure includes extracting an audio 

fingerprint of an audio signal according to any of the audio fingerprint 

extraction method described above; and storing the audio fingerprint in an 

audio fingerprint library. 

[0022] The objective of the disclosure is further achieved by adopting the 

technical solution as follows. An audio fingerprint extraction device 

provided by the disclosure includes a spectrogram converter configured 

for converting an audio signal to a spectrogram; a characteristic point 

determiner configured for determining a characteristic point in the 

spectrogram; a mask determiner configured for determining one or more 

mask for the spectrogram in the spectrogram; a mean energy determiner 
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configured for determining mean energy of each of the plurality of 

spectrum regions; an audio fingerprint determiner configured for 

determining an audio fingerprint bit according to mean energy of the 

plurality of spectrum regions in the one or more mask; a weight bit 

determiner configured for judging credibility of the audio fingerprint bit 

to determine a weight bit; and an audio fingerprint determiner configured 

for combining the audio fingerprint bit and the weight bit to obtain an 

audio fingerprint. Each of the one or more masks comprises a plurality of 

spectrum regions. 

[0023] The objective of the disclosure is further achieved by adopting the 

technical solution as follows. 

[0024] The foregoing audio fingerprint extraction device further includes 

a module executing steps of any audio fingerprint extraction method 

described above. 

[0025] The objective of the disclosure is further achieved by adopting the 

technical solution as follows. An audio fingerprint library construction 

device provided by the disclosure includes an audio fingerprint extractor 

configured for extracting an audio fingerprint of an audio signal 

according to any audio fingerprint extraction method described above; an 

audio fingerprint memory configured for storing the audio fingerprint in 

an audio fingerprint library; and the audio fingerprint library configured 

for storing the audio fingerprint. 

[0026] The objective of the disclosure is further achieved by adopting the 

technical solution as follows. An audio fingerprint extraction hardware 

device provided by the disclosure includes a memory configured for 

storing non-transitory computer readable instructions and a processor 

configured for executing the non-transitory computer readable 

instructions to implement any audio fingerprint extraction method 

described above. 
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[0027] The objective of the disclosure is further achieved by adopting the 

technical solution as follows. According to a computer readable storage 

medium configured for storing non-transitory computer readable 

instructions provided by the disclosure, when the non-transitory computer 

readable instructions are executed by a computer, the computer executes 

any audio fingerprint extraction method described above. 

[0028] The objective of the disclosure is further achieved by adopting the 

technical solution as follows. A terminal device provided by the 

disclosure includes any audio fingerprint extraction device described 

above. 

[0029] The illustration above only is the overview of the technical 

solution of the disclosure. In order to clearly describe the technological 

solutions of the disclosure and follow the specification, as well as better 

understanding the aforementioned and other objectives, features and 

advantages of the disclosure, preferred embodiments with drawings 

thereof will be explained in detail as follows. 

 

Brief Description of the Drawings 

[0030] FIG. 1 is a schematic flowchart of an audio fingerprint extraction 

method of an embodiment of the disclosure. 

[0031] FIG. 2 is a schematic flowchart of an audio fingerprint library 

construction method of an embodiment of the disclosure. 

[0032] FIG. 3 is a structural block diagram of an audio fingerprint 

extraction device of an embodiment of the disclosure. 

[0033] FIG. 4 is a structural block diagram of an audio fingerprint library 

construction device of an embodiment of the disclosure. 

[0034] FIG. 5 is a hardware block diagram of an audio fingerprint 

extraction hardware device of an embodiment of the disclosure. 

[0035] FIG. 6 is a schematic view of a computer readable storage medium 
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of an embodiment of the disclosure. 

[0036] FIG. 7 is a structural block diagram of terminal device of an 

embodiment of the disclosure. 

 

Detailed Description 

[0037] In order to further illustrate technological means adopted by the 

disclosure for acquiring an expected objective and effects, concrete 

embodiments, structures, features and effects of the audio fingerprint 

extraction method and device provided according to the disclosure will be 

illustrated in detail with reference to preferred embodiments and 

drawings thereof as follows. 

[0038] FIG. 1 is a schematic flowchart of an audio fingerprint extraction 

method of an embodiment of the disclosure. Referring to FIG. 1, the 

audio fingerprint extraction method of the embodiment of the disclosure 

primarily includes following steps. 

[0039] Step S11, an audio signal is converted to a spectrogram. 

Specifically, the audio signal is converted to a time-frequency 

spectrogram by the fast Fourier transformation. The spectrogram is a 

common two-dimensional spectrogram of audio signals. An abscissa axis 

is the time t, and a vertical axis is the frequency f. A specific value E(t, f) 

of each point in the spectrogram indicates signal energy. It is noted that 

the audio signal is not restricted to a specific type, which can be a static 

file or streaming audio. Then the process will advance to the step S12. 

[0040] In embodiments of the disclosure, the spectrogram can be 

processed by the MEL transformation. The spectrogram can be divided 

into multiple bins by the MEL transformation, and the amount of divided 

frequency bins can be deployed. Moreover, the spectrogram can further 

be processed by the human auditory system filtering, which utilizes 

nonlinear transformations such as the human auditory system filtering to 
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better fit the spectral distribution in the spectrogram and the ear 

perception. 

[0041] It is clarified that different practical situations can be adapted by 

adjusting each hyper-parameter in the fast Fourier transformation. In 

embodiments of the disclosure, each of hyper-parameters in step S11 can 

be disposed as follows. In the fast Fourier transformation, a time window 

is 100ms; an interval is 50ms; in the MEL transformation, the quantity of 

frequency bins is 32~128. 

[0042] Step S12, one or more characteristic points in the spectrogram are 

determined. 

[0043] Specifically, one of numerous standards is employed to determine 

the one or more characteristic points. For instance, the characteristic point 

can be a maximal energy point in the spectrogram, or a minimal energy 

point in the spectrogram. If energy E(t, f) of a point (t, f) in the 

spectrogram can simultaneously satisfy E(t, f)>E(t+1, f), E(t, f)>E(t-1, f), 

E(t, f)>E(t, f+1) and E(t, f)>E(t, f-1), the point (t, f) is the maximal energy 

point in the spectrogram. Similarly, if energy E(t, f) of a point (t, f) can 

simultaneously satisfy E(t, f)<E(t+1, f), E(t, f)<E(t-1, f), E(t, f)<E(t, f+1) 

and E(t, f)<E(t, f-1), the point (t, f) is the minimal energy point in the 

spectrogram. Then the process will advance to step S13. 

[0044] In embodiments of the disclosure, selecting extreme energy points 

as the characteristic points brings problems; for instance, the extreme 

energy points are susceptible; the amount of extreme energy points is 

uneasy to control; it is possible that no extreme energy point exists in one 

spectrogram, but multiple extreme energy points exist in another 

spectrogram, which can render the characteristic points to be uneven; 

additional timestamps need to be stored for recording positions of the 

extreme energy points in the spectrogram. Therefore, the characteristic 

points can be a fixed point other than the extreme energy points, such as a 
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point whose frequency is equal to a presupposed frequency value (a point 

with a fixed frequency). Furthermore, numerous frequency values of low 

frequency, intermediate frequency and high frequency can be 

presupposed based on frequency values; concrete values of the low 

frequency, intermediate frequency and high frequency can be disposed. 

Selected characteristic points can be more homogeneous by picking 

various fixed points with low frequency, intermediate frequency and high 

frequency as the characteristic points. It is noted that the fixed points can 

be selected according to other criterions, such as a point equal to one or 

more pre-set energy values. 

[0045] It is necessary to illustrate that the number of selected 

characteristic points can be adjusted to accommodate diverse practical 

conditions. In embodiments of the disclosure, hyper-parameters in step 

S12 can be disposed as follows. A density of the characteristic points is 

disposed to be 20~80 per second. 

[0046] Step S13, in the spectrogram, around the characteristic points, one 

or more masks can be determined for the characteristic points. Each mask 

includes or covers multiple regions on the spectrogram, which can be 

called spectrum regions. Then the process will advance to step S14. 

[0047] Specifically, in the spectrogram, multiple spectrum regions 

contained in each mask can be symmetrically distributed, such as 

symmetry over a timeline, namely multiple spectrum regions have the 

same frequency range, or symmetry over a frequency axis, namely 

multiple spectrum regions have the same time range, or centrosymmetric 

distribution with the characteristic point as a center. 

[0048] For instance, in a MEL-spectrogram, a mask containing two 

spectrum regions of R11 and R12 can be determined for the characteristic 

point. R11 and R12 locate at the left side of the characteristic point, and 

R11 locates at the left side of R12. R11 and R12 cover the same 
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frequency bin. 

[0049] For instance, in a MEL spectrogram, a mask containing two 

spectrum regions of R13 and R14 can be determined for the characteristic 

point. R13 locates at the upside of the characteristic point, and R14 

locates at the downside of the characteristic point. R13 and R14 have the 

same time range. 

[0050] For instance, in a MEL spectrogram, a mask containing two 

spectrum regions of R15 and R16 can be determined for the characteristic 

point. R15 locates at the upper left of the characteristic point, and R16 

locates at the right lower side of the characteristic point. R15 and R16 are 

mutually symmetrical with the characteristic point as a center. 

[0051] Multiple spectrum regions contained in a mask can 

simultaneously satisfy numerous symmetrical situations. For instance, a 

mask containing four spectrum regions of R21, R22, R23 and R24 can be 

determined for the characteristic point. R21, R22, R23 and R24 

respectively locate at upper left, upper right, left lower, right lower side. 

R21 and R22 have the same frequency range; R23 and R24 have the same 

frequency range; R21 and R23 have the same time range; R22 and R24 

have the same time range. The four spectrum regions further are 

centrosymmetric with the characteristic point as a center. It is necessary 

to clarify than four spectrum regions of a mask are not obligatory to be 

centrosymmetric with the characteristic point as a center. For instance, 

they can locate at the left side of the characteristic point, and distribute at 

two sides of the characteristic point in the frequency axis. 

[0052] It is necessary to be expressed that multiple spectrum regions 

belonging to one mask can be mutually overlapped. Moreover, different 

masks can further be mutually overlapped. Optionally, each mask can 

include even numbered spectrum regions. 

[0053] It needs to note that masks can be determined according to a fixed 
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pre-set standard, namely the position and the cover region of each mask 

in the spectrogram are pre-set. Or the mask region can be automatically 

determined by a data driving manner rather than pre-setting the position 

and region of each mask. A mask with the minimal covariance is selected 

from a large amount of masks, which is the most distinguishing. 

[0054] Step 14, mean energy of each spectrum region is determined. 

Specially, regarding a spectrum region merely including one point, the 

mean energy of the spectrum region is the energy value of the point; 

when the spectrum region is formed by multiple points, the mean energy 

of the spectrum region can be disposed to be a mean value of energy 

values of the points. Then the process will advance to step S15. 

[0055] Step S15, according to the mean energy of the multiple spectrum 

regions in the one or more masks, one or more audio fingerprint bits are 

determined. Then the process will advance to step S16. 

[0056] In step S15 of an embodiment of the disclosure, the audio 

fingerprint bit can be determined according to a difference value of mean 

energy of multiple spectrum regions included in one mask. 

[0057] Specifically, if a mask includes two spectrum regions, such as the 

foregoing example including two spectrum regions of R11 and R12, a 

difference value D1 of mean energy of R11 and R12 can be calculated 

according to the formula one below. 

[0058] D1 = E(R11)-E(R12)                         (formula one) 

[0059] Then the difference value D1 is judged. If the difference value D1 

is a positive value, an audio fingerprint bit whose value is 1 will be 

obtained; if the difference value D1 is a negative value, an audio 

fingerprint bit whose value is 0 will be obtained. 

[0060] If a mask includes four spectrum regions, such as the example 

including four spectrum regions of R21, R22, R23 and R24 described 

above, a difference value D2 of mean energy of R21, R22, R23 and R24 
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can be calculated according to formula two as below. 

[0061] D2 = (E(R21)+E(R22))-(E(R23)+E(R24))        (formula two) 

[0062] Then the difference value D2 is judged. If the difference value D2 

is a positive value, an audio fingerprint bit whose value is 1 will be 

obtained; if the difference value D1 is a negative value, an audio 

fingerprint bit whose value is 0 will be obtained. It needs to be illustrated 

that other forms of difference values than the difference value D2 can be 

utilized to determine the audio fingerprint bit of a mask including four 

spectrum regions. For instance, a second order difference value D3 of 

mean energy of the four spectrum regions can further be calculated. 

[0063] D3 = (E(R23)- E(R24))-(E(R21)- E(R22))       (formula three) 

[0064] Then the audio fingerprint bit can be determined by judging the 

difference value is positive or negative. 

[0065] It needs to clarify that if multiple masks are determined for the 

characteristic point, multiple audio fingerprint bits can be obtained 

correspondingly. 

[0066] Step 16, one or more weight bits corresponding to the one or more 

audio fingerprint bits are determined. The one or more weight bits are 

configured for indicating credibility of the one or more audio fingerprint 

bits. Specifically, an audio fingerprint bit with high credibility is defined 

as a strong bit, and an audio fingerprint bit with low credibility is defined 

as a weak bit. The credibility of the audio fingerprint bit is judged, and a 

value of the weight bit is determined by judging the audio fingerprint bit 

is a strong bit or a weak bit. Then the process will advance to step S17. 

[0067] In an embodiment of the disclosure, if an audio fingerprint bit is 

determined according to the difference value of mean energy of multiple 

spectrum regions included in the mask, the step S16 specifically includes 

judging if an absolute value of the difference value used to generate the 

audio fingerprint bit attains or exceeds a presupposed weight bit threshold; 
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if it attains the weight bit threshold, the audio fingerprint bit is 

determined to be a strong bit, and acquires a weight bit whose value is 1 

corresponding to the audio fingerprint bit; if it fails to attain the weight 

bit threshold, the audio fingerprint bit is determined to be a weak bit, and 

acquires a weight bit whose value is 0 corresponding to the audio 

fingerprint bit. 

[0068] As a concrete example, if an audio fingerprint bit is determined by 

judging the difference value D2 of mean energy of four spectrum regions 

of aforementioned formula two is positive or negative, the step S16 will 

include judging a relation between an absolute value of the difference 

value D2 and a pre-set weight bit threshold T, if |D2|≥T, the audio 

fingerprint bit is a strong bit, and a value of the weight bit corresponding 

to the audio fingerprint bit is set to be 1; if |D2| < T, the audio fingerprint 

bit is a weak bit, and a value of the weight bit corresponding to the audio 

fingerprint bit is set to be 0. It needs to clarify that the weight bit 

threshold can be various types of thresholds. The weight bit threshold can 

be a pre-set fixed value, such as 1; or the weight bit threshold can further 

be a value obtained based on the difference value of mean energy. For 

instance, the weight bit threshold can be set to be a mean value of 

multiple difference values corresponding to numerous masks or 

characteristic points; actually, it is unrestricted to the mean value, any 

value between the maximal difference value and the minimal difference 

can be available. An audio fingerprint bit of the difference value attaining 

the mean value is determined to be a strong bit; an audio fingerprint bit of 

the difference value failing to attain the mean value is determined to be a 

weak bit; or the weight bit threshold can further be a scale value. For 

instance, the weight bit threshold can be set to be 60%. Among various 

difference values corresponding to multiple masks or characteristic points, 

if an absolute value of one difference value is top 60% of all the 
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difference values, the audio fingerprint bit is determined to be a strong bit; 

or else the audio fingerprint bit is determined to be a weak bit. 

[0069] Step S17, the obtained one or more audio fingerprint bits and one 

or more weight bits are combined to obtain the audio fingerprint. 

Specifically, the combination manner and the length of audio fingerprints 

will not be limited. For instance, one audio fingerprint can include two 

sections. One section is an audio fingerprint bit sequence obtained by 

combining audio fingerprint bits corresponding to all masks of a 

characteristic point; several audio fingerprint bit sequences corresponding 

to multiple characteristic points are arranged according to time of the 

characteristic points to obtain the first section of the audio fingerprint; the 

other section is combining corresponding weight bits to obtain weight bit 

sequences with a length equal to that of the audio fingerprint bit sequence; 

then multiple weight bit sequences corresponding to several characteristic 

points are arranged according to the time of characteristic points to obtain 

the second section of the audio fingerprint. Optionally, a length of the 

obtained audio fingerprint bit sequence can be 32 bits. 

[0070] The disclosure simultaneously extracts the audio fingerprint bit 

and the weight bit corresponding to the fingerprint bit, which can 

generate an audio fingerprint with high accuracy and excellent robustness 

for a section of audio. 

[0071] Optionally, the audio fingerprint extraction method further 

includes adding a timestamp field, which can be a field configured for 

depicting a time difference of a starting position of the audio and the 

characteristic point. The field can be a hash value. If the characteristic 

point is set to be a fixed point, the step can be skipped, namely the 

timestamp is unnecessary to be recorded. 

[0072] Optionally, the audio fingerprint extraction method further 

includes adding an audio signal mark field configured for recording ID 
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mark information of an audio signal corresponding to the audio 

fingerprint. The field can be a hash value. 

[0073] Optionally, the audio fingerprint extraction method further 

includes dividing the audio signal into several sections of audio 

sub-signals; according to the steps of aforementioned method, extracting 

the audio fingerprint from each section of sub-signal to obtain several 

audio fingerprints; and combining audio fingerprints of each of the 

characteristic points of the extracted sections of sub-signal to obtain the 

audio fingerprint of the entire section of audio signal. 

[0074] As an optional example, during a process of searching and 

identifying the audio by the audio fingerprints extracted according to the 

disclosure, when a distance between two audio fingerprints such as a 

Hamming distance is calculated, aiming at each audio fingerprint bit, 

weighting utilizing the corresponding weight bit, the weight of a strong 

bit is high, and the weight of a weak bit is low, or the weight of the weak 

bit can be set to be zero, which can weaken or eliminate the weight of the 

weak bit to render the audio research to be more robust to noises, 

resulting in effectively resolving the problem of noise error rate. 

[0075] The Hamming distance is a common measurement in the realm of 

information theory. The Hamming distance between two character strings 

with the same length is the quantity of different characters of the 

corresponding position of two character strings. When the Hamming 

distance is calculated, the two character strings can be calculated by the 

exclusive OR operation, and the amount of 1 acting as a result is counted, 

which is the Hamming distance. 

[0076] FIG. 2 is a schematic flowchart of an audio fingerprint library 

construction method of an embodiment of the disclosure. Referring to 

FIG. 2, the audio fingerprint library construction method of the disclosure 

mainly includes following steps. 
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[0077] Step S21, an audio fingerprint of an audio signal is extracted 

according to the steps of the audio fingerprint extraction method of the 

aforementioned of the disclosure. Then the process will advance to step 

S22. 

[0078] Step S22, the obtained audio fingerprint of the audio signal is 

stored in the audio fingerprint library. 

[0079] It needs to illustrate that the higher amount of audio signals, the 

more abundant of information stored in the audio fingerprint library will 

be. Moreover, as time goes on, the audio fingerprint library can be 

updated accordingly. 

[0080] FIG. 3 is a structural bin diagram of an audio fingerprint 

extraction device of an embodiment of the disclosure. Referring to FIG. 3, 

an audio fingerprint extraction device 100 of the disclosure primarily 

includes a spectrogram converter 101, a characteristic point determiner 

102, a mask determiner 103, a mean energy determiner 104, an audio 

fingerprint bit determiner 105, a weight bit determiner 106 and an audio 

fingerprint determiner 107. 

[0081] The spectrogram converter 101 is configured for converting an 

audio signal to a spectrogram. The spectrogram converter 101 can be 

specifically configured for converting the audio signal to a 

time-frequency spectrogram by the fast Fourier transformation. 

[0082] In an embodiment of the disclosure, the spectrogram converser 

101 can include an MEL sub-converser configured for pre-processing the 

spectrogram by the MEL conversion. The spectrogram can be divided 

into several frequency bins by the MEL conversion; and the amount of 

divided frequency bins can be disposed. Moreover, the spectrogram 

converser 101 can further include a human auditory system sub-filter 

configured for processing the spectrogram by the human auditory system 

filtering, which utilizes nonlinear transformations such as the human 
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auditory system filtering to better fit the spectral distribution in the 

spectrogram to the ear perception. 

[0083] The characteristic point determiner 102 can be configured for 

determining characteristic points in the spectrogram. 

[0084] Specifically, the characteristic point determiner 102 can 

specifically configured for adopting one of various standards to determine 

the characteristic point. For instance, the characteristic point can be a 

maximal energy point in the spectrogram, or a minimal energy point in 

the spectrogram. 

[0085] In an embodiment of the disclosure, the characteristic point 

determiner 102 can further select a fixed point other than the extreme 

energy points as the characteristic point, such as a point whose frequency 

is equal to a presupposed frequency value (a point with a fixed frequency). 

Furthermore, the characteristic point determiner 102 can be configured 

for selecting several frequency values of low frequency, intermediate 

frequency and high frequency based on frequency values; concrete values 

of the low frequency, intermediate frequency and high frequency can be 

disposed. 

[0086] The mask determiner 103 is configured for determining one or 

more masks around the characteristic point on the spectrogram for the 

characteristic point. Each mask includes several spectrum regions. 

Specifically, in the spectrogram, multiple spectrum regions contained in 

each mask can be symmetrically distributed. 

[0087] The mean energy determiner 104 is configured for respectively 

determining mean energy of each spectrum region. 

[0088] The audio fingerprint bit determiner 105 is configured for 

determining an audio fingerprint bit according to the mean energy of 

multiple spectrum regions in a mask. 

[0089] In the embodiment of the disclosure, the audio fingerprint bit 
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determiner 105 can specifically configured for determining an audio 

fingerprint bit according to a difference value of mean energy of multiple 

spectrum regions contained in a mask. 

[0090] The weight bit determiner 106 is configured for judging 

credibility of an audio fingerprint bit to determine a weight bit 

corresponding to each audio fingerprint bit. 

[0091] In an embodiment of the disclosure, if the audio fingerprint bit is 

determined according to the difference value of mean energy of multiple 

spectrum regions contained in the mask, the weight bit determiner 106 is 

specifically configured for judging whether an absolute value of the 

difference value used to generate the audio fingerprint bit attains or 

exceeds a presupposed weight bit threshold; if it attains the weight bit 

threshold, the audio fingerprint bit is determined to be a strong bit, and 

acquires a weight bit whose value is 1; if it fails to attain the weight bit 

threshold, the audio fingerprint bit is determined to be a weak bit, and 

acquires a weight bit whose value is 0. 

[0092] The audio fingerprint determiner 107 is configured for combining 

the obtained numerous audio fingerprint bits and weight bits to acquire 

the audio fingerprint. 

[0093] Optionally, the audio fingerprint extraction device 100 further 

includes a timestamp adder (not shown in figures) configured for adding 

a timestamp field to the audio fingerprint representing a time difference 

field of audio start position and the characteristic point; the field can be a 

hash value. If the characteristic point is set to be a fixed point, the 

timestamp adder can be excluded. 

[0094] Optionally, the audio fingerprint extraction device 100 further 

includes an audio signal identification adder (not shown in figures) 

configured for adding an audio signal mark field for recording ID mark 

information of the audio signal corresponding to the audio fingerprint. 
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[0095] Optionally, the audio fingerprint extraction device 100 further 

includes an audio divider (not shown in figures) and an audio fingerprint 

combiner (not shown in figures). The audio divider is configured for 

dividing the audio signal into multiple sections of audio sub-signals based 

on time. The audio fingerprint can be extracted from each section of 

audio sub-signals by modules contained in the audio fingerprint 

extraction device to obtain several audio fingerprints. The audio 

fingerprint combiner is configured for combining audio fingerprints of 

each characteristic point of each section of extracted audio sub-signals to 

obtain the audio fingerprint of the entire section of audio signal. 

[0096] FIG. 4 is a schematic structural view of an audio fingerprint 

library construction device of the disclosure. Referring to FIG. 4, an audio 

fingerprint library construction device 200 of the disclosure mainly 

includes an audio fingerprint extractor 201, an audio fingerprint memory 

202 and an audio fingerprint library 203. 

[0097] The audio fingerprint extractor 201 includes the spectrogram 

converser 101, the characteristic point determiner 102, the mask 

determiner 103, the mean energy determiner 104, the audio fingerprint bit 

determiner 105, the weight bit determiner 106 and the audio fingerprint 

determiner 107, which follow the steps of the audio fingerprint extraction 

method of the disclosure to extract the audio fingerprint of the audio 

signal as described above. 

[0098] The audio fingerprint memory 202 is configured for storing the 

audio fingerprint of the audio signal obtained by the audio fingerprint 

extractor 201 in the audio fingerprint library 203. 

[0099] The audio fingerprint library 203 is configured for storing the 

audio fingerprint of each audio signal. 

[0100] FIG. 5 is a hardware block diagram of an audio fingerprint 

extraction hardware device of an embodiment of the disclosure. As shown 
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in FIG. 5, an audio fingerprint extraction hardware device 300 according 

to the embodiment of the disclosure includes a memory 301 and a 

processor 302. Components in the audio fingerprint extraction hardware 

device 300 are mutually connected by a bus system and/or other forms of 

connectors (not shown). 

[0101] The memory 301 is configured for storing non-transitory 

computer readable instructions. Specifically, the memory 301 can include 

one or more computer programs. The computer programs can include 

various forms of computer readable storage medium, such as a volatile 

memory and/or a non-volatile memory. The volatile memory can include 

a random-access memory (RAM) and/or a cache. The non-volatile 

memory can include a read only memory (ROM), a hard disk, a flash, etc. 

[0102] The processor 302 can be a central processing unit (CPU) or other 

forms of processors with abilities to process data and/or execute 

instructions, as well as controlling other components in the audio 

fingerprint extraction hardware device 300 to provide expected functions. 

In an embodiment of the disclosure, the processor 302 is configured for 

running the computer readable instructions stored in the memory 301, so 

that the audio fingerprint extraction device 300 performs all or a part of 

steps of the audio fingerprint extraction method of each embodiment of 

the disclosure. 

[0103] FIG. 6 is a schematic view of a computer readable storage medium 

of an embodiment of the disclosure. As shown in FIG. 6, a computer 

readable storage medium 400 according to the embodiment of the 

disclosure stores non-transitory computer readable instructions 401. 

When the non-transitory computer readable instructions 401 are operated 

by a processor, all or a part of steps of the audio fingerprint extraction 

method of each embodiment of the disclosure will be executed. 

[0104] FIG. 7 is a structural block diagram of terminal device of an 
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embodiment of the disclosure. The terminal device can be implemented 

in various forms. The terminal device in the disclosure can include but 

not limit to a mobile terminal device such as a mobile phone, a smart 

phone, a laptop, a digital broadcast receiver, a personal digital assistant 

(PDA), a pad, a portable multimedia player (PMP), a navigation device, a 

vehicle terminal device, a vehicle display terminal and a vehicle digital 

rearview mirror, and a fixed terminal device such as a digital TV, a 

computer and so on. 

[0105] As shown in FIG. 7, a terminal device 1100 can include a wireless 

communicator 1110, an audio/video (A/V) input 1120, a user input 1130, 

a sensor 1140, an output 1150, a memory 1160, an interface 1170, a 

controller 1180 and a power 1190. FIG. 7 shows a terminal device with 

various components, but it is understood that not all components are 

required to be included; more or less components can be implemented 

instead. 

[0106] The wireless communicator 1110 permits the radio 

communication between the terminal device 1100 and a wireless 

communication system or network. The A/V input 1120 is configured for 

receiving audio or video signals. The user input 1130 can input data 

according to a command generator input by a user to control various 

operations of the terminal device. The sensor 1140 detects the current 

state of the terminal device 1100, a position of the terminal device 1100, a 

touch input from a user to the terminal device 1100, the orientation of the 

terminal device 1100, accelerating or decelerating movement and 

direction of the terminal device 1100, and generates a command or signal 

configured for controlling operations of the terminal device 1100. The 

interface 1170 acts as an interface that at least one external device and 

terminal device 1100 can go through. The output 1150 is formed to 

provide output signals in visual, audio and/or touch manners. The 
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memory 1160 can store software programs processed and controlled by 

the controller 1180, or temporarily store output data or data to be output. 

The memory 1160 can include at least one type of storage medium. And 

the terminal device 1100 can cooperate with a web storage device 

connected with the memory 1160 over the network to perform the storing 

function. The controller 1180 generally controls the overall operation of 

the terminal device. Moreover, the controller 1180 can include a 

multimedia module configured for re-presenting or re-playing multimedia 

data. The controller 1180 can execute a pattern recognition process to 

recognize hand input or image drawing input on the touch screen to be a 

character or an image. The power 1190 receives external electricity or 

internal electricity governed by the controller 1180 and provides proper 

electricity to manipulate each component and element. 

[0107] Various embodiments of the audio fingerprint extraction method 

provided by the disclosure can be implemented by computer software, 

hardware or computer readable medium of any combination. With respect 

to the hardware execution, various embodiments of the audio fingerprint 

extraction method provided by the embodiments of the disclosure can be 

processed by at least one of an application specific integrated circuit 

(ASIC), a digital signal processor (DSP), a digital signal processing 

device (DSPD), a programmable logic device (PLD), a field 

programmable gate array (FPGA), a processor, a controller, a 

microcontroller, a microprocessor and an electrical unit designed for 

executing the functions described herein. In some cases, each 

embodiment of the audio fingerprint extraction method provided by the 

disclosure can be performed in the controller 1180. With respect to 

software execution, various embodiments of the audio fingerprint 

extraction method provided by the embodiments of the disclosure can be 

performed with an individual software module allowing at least one 
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function or operation. The software codes can be implemented by a 

software application program written by any proper programming 

language. The software codes can be stored in the memory 1160 and 

performed by the controller 1180. 

[0108] According to the audio fingerprint extraction method, device, 

hardware device, computer readable storage medium and terminal device 

of the embodiments of the disclosure, the audio fingerprint bit is extracted 

by the mask, and the corresponding weight bit is extracted, which can 

significantly enhance the accuracy of audio fingerprint extraction and 

efficiency of extraction, and generate the audio fingerprint with superior 

audio fingerprint with excellent robustness for the audio signal. As a 

result, the audio comparison, audio search, audio deduplication and audio 

surveillance obtained by the audio fingerprint extraction method based on 

the disclosure can have the higher accuracy, the higher efficiency and 

better robustness. 

[0109] The fundamental principle of the disclosure is described 

incorporated with concrete embodiments; however, it needs to point out 

that advantages, superiorities and effects mentioned in the disclosure 

merely are examples rather than limitation; it is unreasonable to regard 

the advantages, superiorities and effects as requisite. Moreover, the 

foregoing disclosed concrete details only are exemplary for better 

understanding rather than limitation. The foregoing details will not 

restrict the disclosure to employ the detail above. 

[0110] Block diagrams of elements, devices, facilities and systems in the 

disclosure are only exemplary example without intending or implying to 

connect, arrange or dispose strictly according to the method shown in the 

block diagrams. The elements, devices, facilities and systems can be 

connected, arranged or disposed in any manner known by a person skilled 

in the art. Words such as “comprise”, “include” and “have” are 
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unrestricted words, which indicate “include without excluding”, capable 

of mutual substitution. Words “or” and “and” depict “and/or”, which can 

mutually substitute, unless otherwise specified. The word “such as” 

indicates the phrase “such as but not limit to”, which can be mutually 

substituted. 

[0111] Furthermore, “or” used in a list starting with “at least one” 

indicates discrete examples, so that “at least one of A, B or C” means A or 

B or C, or AB or AC or BC, or ABC (namely A and B and C). Moreover, 

the expression “exemplary” does not mean the example to be preferred or 

better than other examples. 

[0112] It needs to point out that each component or each step can be 

divided and/or re-assorted in the system and method of the disclosure. 

The division and/or re-association should be regarded as equivalence to 

the disclosure. 

[0113] The technology defined by the claims can be modified, replaced 

and altered. Moreover, the range of the claims of the disclosure is 

unrestricted to specific aspects of combination, manners, methods and 

operations of foregoing processes, apparatuses, fabrication and events. 

The almost same function or result can be achieved by utilizing the 

combination, manners, methods and operations of foregoing processes, 

apparatuses, fabrication and events. Therefore, the attached claims 

include the combination, manners, methods and operations of foregoing 

processes, apparatuses, fabrication and events. 

[0114] The disclosed aspects provided as above enable a person skilled in 

the art to attain or use the disclosure. Various modifications are obvious 

to a person skilled in the art, and a general principle defined herein can be 

applied to other aspects without exceeding the range of the disclosure. 

Therefore, the disclosure does not intend to be restricted to the shown 

aspects, which can cover the widest range according to the disclosed 
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principle and novel features. 

[0115] The description above is provided for a purpose of illustration. 

Moreover, the description does not intend to restrict embodiments of the 

disclosure as the disclosed forms. Although multiple examples and 

embodiments are debated, but a person skilled in the art is able to acquire 

some modification, alteration, transformation, addition and 

sub-combination. 
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Claims 

 

1. An audio fingerprint extraction method, comprising: 

converting an audio signal to a spectrogram; 

determining one or more characteristic points in the spectrogram; 

in the spectrogram, determining one or more masks for the one or 

more characteristic points; wherein each of the one or more masks 

comprise a plurality of spectrum regions; 

determining mean energy of each of the plurality of spectrum 

regions; 

determining one or more audio fingerprint bits according to the 

mean energy of the plurality of spectrum regions in the one or more 

masks; 

judging credibility of the one or more audio fingerprint bits to 

determine one or more weight bits; and 

combining the one or more audio fingerprint bits and the one or 

more weight bits to obtain an audio fingerprint. 

2. The audio fingerprint extraction method according to claim 1, 

wherein the converting an audio signal to a spectrogram comprises: 

converting the audio signal to a two-dimensional time-frequency 

spectrogram by fast Fourier transformation; wherein a value of each point 

in the spectrogram indicates energy of the audio signal. 

3. The audio fingerprint extraction method according to claim 2, 

wherein the converting an audio signal to a spectrogram further 

comprises: processing the spectrogram by MEL transformation. 

4. The audio fingerprint extraction method according to claim 2, 

wherein the converting an audio signal to a spectrogram further 

comprises: processing the spectrogram by human auditory system 
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filtering. 

5. The audio fingerprint extraction method according to claim 2, 

wherein each of the one or more characteristic points is a fixed point in 

the spectrogram. 

6. The audio fingerprint extraction method according to claim 5, 

wherein each of the one or more characteristic points is a point whose 

frequency is equal to one of a plurality of pre-set frequency values. 

7. The audio fingerprint extraction method according to claim 2, 

wherein each of the one or more characteristic points is a maximal energy 

point in the spectrogram, or each of the one or more characteristic points 

is a minimal energy point in the spectrogram. 

8. The audio fingerprint extraction method according to claim 1, 

wherein the plurality of spectrum regions comprised in the one or more 

masks are symmetrical distributed. 

9. The audio fingerprint extraction method according to claim 8, 

wherein the plurality of spectrum regions comprised in the one or more 

masks have an identical frequency range, and/or an identical time range, 

and/or are centrosymmetric with the characteristic point as a center. 

10. The audio fingerprint extraction method according to claim 1, 

wherein the mean energy of each of the plurality of spectrum regions is a 

mean value of energy values of all points comprised in the spectrum 

region. 

11. The audio fingerprint extraction method according to claim 1, 

wherein the determining one or more audio fingerprint bits according to 

mean energy of the plurality of spectrum regions in the one or more 

masks comprises: 

determining one of the one or more audio fingerprint bits according 

to a difference value of the mean energy of the plurality of spectrum 

regions comprised in one mask. 
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12. The audio fingerprint extraction method according to claim 11, 

wherein the judging credibility of the one or more audio fingerprint bits 

to determine one or more weight bits comprises: 

judging whether an absolute value of the difference value attains or 

exceeds a pre-set weight bit threshold, if it attains or exceeds the pre-set 

weight bit threshold, determining the audio fingerprint bit to be a strong 

bit, otherwise determining the audio fingerprint bit to be a weak bit; 

determining the weight bit according to the audio fingerprint bit is the 

strong bit or the weak bit. 

13. The audio fingerprint extraction method according to claim 12, 

wherein the weight bit threshold is a fixed value, or a value based on the 

difference value, or a scale value. 

14. The audio fingerprint extraction method according to claim 1, 

wherein the audio fingerprint extraction method further comprises: 

dividing the audio signal into a plurality of audio sub-signals 

according to time; 

extracting the audio fingerprints of the plurality of audio sub-signals; 

and 

combining the audio fingerprints of the plurality of audio sub-signals 

to obtain the audio fingerprint of the audio signal. 

15. An audio fingerprint library construction method, wherein the 

audio fingerprint library construction method comprises: 

extracting an audio fingerprint of an audio signal according to the 

audio fingerprint extraction method according to any one of claims 1 to 

14; and 

storing the audio fingerprint in an audio fingerprint library. 

16. An audio fingerprint extraction device, wherein the audio 

fingerprint extraction device comprises: 

a spectrogram converter, configured for converting an audio signal 
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to a spectrogram; 

a characteristic point determiner, configured for determining a 

characteristic point in the spectrogram; 

a mask determiner, configured for determining one or more masks 

for the spectrogram in the spectrogram; wherein each of the one or more 

masks comprises a plurality of spectrum regions; 

a mean energy determiner, configured for determining mean energy 

of each of the plurality of spectrum regions; 

an audio fingerprint determiner, configured for determining an audio 

fingerprint bit according to mean energy of the plurality of spectrum 

regions in the one or more masks; 

a weight bit determiner, configured for judging credibility of the 

audio fingerprint bit to determine a weight bit; and 

an audio fingerprint determiner, configured for combining the audio 

fingerprint bit and the weight bit to obtain an audio fingerprint. 

17. The audio fingerprint extraction device according to claim 16, 

wherein the audio fingerprint extraction device further comprises a 

module executing steps according to claims 2 to 14. 

18. An audio fingerprint library construction device, wherein the 

audio fingerprint library construction device comprises: 

an audio fingerprint extractor, configured for extracting an audio 

fingerprint of an audio signal according to the audio fingerprint extraction 

method in any of the claims 1 to 14; 

an audio fingerprint memory, configured for storing the audio 

fingerprint in an audio fingerprint library; and 

the audio fingerprint library, configured for storing the audio 

fingerprint. 

19. An audio fingerprint extraction hardware device, comprising: 

a memory, configured for storing non-transitory computer readable 
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instructions; and 

a processor, configured for executing the non-transitory computer 

readable instructions to implement an audio fingerprint extraction method 

according to any one of claims 1 to 14 when the non-transitory computer 

readable instructions are executed. 

20. A computer readable storage medium, configured for storing 

non-transitory computer readable instructions; wherein when the 

non-transitory computer readable instructions are executed by a computer, 

the computer executes the audio fingerprint extraction method according 

to any of claims 1 to 14. 

21. A terminal device, comprising the audio fingerprint extraction 

device according to claim 16 or claim 17. 


