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METHOD, MEDIUM, AND SYSTEM FOR 
MUSIC RETREVALUSING MODULATION 

SPECTRUM 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue; a claim printed with strikethrough indi 
cates that the claim was canceled, disclaimed, or held 
invalid by a prior post-patent action or proceeding. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of Korean Patent Appli 
cation No. 10-2006-0013125, filed on Feb. 10, 2006, in the 
Korean Intellectual Property Office, the disclosure of which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
Embodiments of the present invention relate to a music 

information retrieval method, medium, and system using a 
modulation spectrum, and more particularly, to a music infor 
mation retrieval method, medium, and system that can rapidly 
retrieve music information having noise by extracting a 
modulation spectrum from music data, converting the 
extracted modulation spectrum into hash bits, and using a 
hash table. 

2. Description of the Related Art 
In conventional music information retrieval techniques, 

features for audio retrieval are extracted by using a power 
spectrum obtained by converting an audio signal into the 
frequency domain via a fast Fourier transform (FFT). Accord 
ingly, the conventional music information retrieval tech 
niques are not robust against potential noise. 

In addition, the conventional music information retrieval 
techniques can not quickly retrieve and provide the desired 
information about a particular song identical to a user's query 
from a large-capacity database when a statistical method Such 
as a Gaussian Mixture Model (GMM) and a Hidden Markov 
Model (HMM) is used. These models are widely utilized for 
audio retrieval. 

Similarly, audio fingerprint systems have also been utilized 
in Such conventional music information retrieval techniques, 
but these also are not robust against noise. In addition, when 
retrieving music information from music data that was 
obtained in a real life situation, e.g., music that was recorded 
or overheard from an outdoor area, such as on a street, System 
performance becomes deteriorated. 

In addition, in the conventional music information retrieval 
techniques, a spectral flatness and a spectral crest measure 
have been utilized as identifying features, but such features 
are also not robust against various types of noisy environ 
ments. Further, since a Vector Quantization (VQ) or a Statis 
tical Nearest Neighbor (SNN) method have been utilized with 
fingerprint indexing, information retrieval performance again 
becomes deteriorated in various types of noisy environments. 
AS Such conventional music information retrieval tech 

niques may also extract a modulation spectrum, utilizing a 
wave conversion in structures of various steps, and utilize a 
nearest neighbor classification method, music retrieval speed 
similarly becomes significantly decreased. 
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2 
Accordingly, the inventors of the present invention have 

found a need for a method, medium, and system that is robust 
against noise and also can rapidly retrieve music information 
as needed. 

SUMMARY OF THE INVENTION 

An aspect of an embodiment of the present invention pro 
vides a method, medium, and system that can rapidly retrieve 
music information in a noisy environment by extracting a 
modulation spectrum that is robust against noise, converting 
features of the extracted modulation spectrum into hash bits, 
and using a hash table. 
An aspect of an embodiment of the present invention also 

provides a method, medium, and system that can retrieve 
music information by a fingerprint based hash searching 
operation using features of a Modified Discrete Cosine Trans 
formation-Modulation Spectrum (MDCT-MS) that is robust 
against noise. 
An aspect of an embodiment of the present invention fur 

ther provides a method, medium, and system that can retrieve 
music information by a fingerprint based soft hash searching 
operation using features of an MDCT-MS that is robust 
against noise. 
An aspect of an embodiment of the present invention also 

provides a method, medium, and system that can retrieve 
music information by a hash searching operation using peak 
points according to features of an MDCT-MS that is robust 
against noise. 

Additional aspects and/or advantages of the invention will 
be set forth in part in the description which follows and, in 
part, will be apparent from the description, or may be learned 
by practice of the invention. 
To achieve the above and/or other aspects and advantages, 

embodiments of the present invention include an audio infor 
mation storage method, including using a database and hash 
table generated by extracting a modulation spectrum from 
audio data, in a compressed domain of the audio data, con 
Verting the extracted modulation spectrum into fingerprint 
bits for each of the audio data, arranging the fingerprint bits in 
a form of the hash table, converting a received query into an 
address, using a hash function, corresponding to the query, 
and retrieving audio information from the database by using 
the address to refer to the hash table. 
To achieve the above and/or other aspects and advantages, 

embodiments of the present invention include an audio infor 
mation storage method, including generating a Modified Dis 
crete Cosine Transformation-Modulation Spectrum (MDCT 
MS) fingerprint database from audio data in corresponding 
compressed domains, generating a hash table by dividing 
each MDCT-MS fingerprint in the MDCT-MS fingerprint 
database into segments, extracting an MDCT-MS fingerprint 
from an audio clip, and dividing the extracted MDCT-MS 
fingerprint from the audio clip into segments and utilizing the 
audio clip segments as a hash value for referring to the 
MDCT-MS fingerprint database to retrieve a stored clip that 
matches the audio clip. 
The method may further include calculating Bit Error 

Ratio (BER) values between the audio clip and indexed clips 
of the database, and comparing the calculated BER values to 
determine one of the indexed clips having a lowest BER value 
as a final result of the retrieving of the stored clip identical to 
the audio clip 

In addition, the generating of the hash table may include 
dividing each MDCT-MS fingerprint into a plurality of seg 
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ments, each segment having an identical length, and generat 
ing the hash table by using the divided segments as the hash 
value. 
The hash table may further correspond to each segment of 

the MDCT-MS fingerprints. 
The method may further include acquiring unreliable bits 

with respect to the MDCT-MS fingerprints by ranking devia 
tion values of neighboring frames of a corresponding MDCT 
MS. 

Here, the acquiring of the unreliable bits may include 
acquiring the unreliable bits with respect to a corresponding 
MDCT-MS fingerprint by setting a predetermined threshold 
with respect to the deviation values of the neighboring frames 
of the corresponding MDCT-MS. 

To achieve the above and/or other aspects and advantages, 
embodiments of the present invention include an audio infor 
mation storage method, for retrieving audio information from 
a database by referring to a hash table, based upon a received 
query converted into an address by a hash function, the 
method including extracting a corresponding modulation 
spectrum from audio data in corresponding compressed 
domains, converting the corresponding extracted modulation 
spectrum into fingerprint bits, and arranging the fingerprint 
bits in a form of the hash table for the retrieval of the audio 
data from the database based upon the address generated by 
the hash function. 

To achieve the above and/or other aspects and advantages, 
embodiments of the present invention include an audio infor 
mation storage method, including generating an MDCT-MS 
fingerprint database from audio data in corresponding com 
pressed domains, generating a hash table for the generated 
MDCT-MS fingerprint database based on corresponding 
unreliable-bits-toggled MDCT-MS fingerprints, extracting 
an MDCT-MS fingerprint from an audio clip while calculat 
ingahash value of the audio clip based on the unreliable-bits 
toggled MDCT-MS fingerprints, and referring to the MDCT 
MS database to retrieve a clip that matchesl the audio clip 
based on the hash value of the audio clip. 

The method may further include calculating BER values 
between the audio clip and indexed clips and comparing the 
calculated BER values to determine one of the indexed clips 
having a lowest BER value as a final result of the retrieving of 
the clip matching the audio clip. 

To achieve the above and/or other aspects and advantages, 
embodiments of the present invention include an audio infor 
mation storage method, including generating an MDCT-MS 
fingerprint database from audio data in corresponding com 
pressed domains, generating a hash table for the generated 
MDCT-MS fingerprint database by using corresponding peak 
points as a corresponding hash value, calculating a hash 
value, based on peak points, of an audio clip and extracting an 
MDCT-MS fingerprint of the audio clip, and referring to the 
MDCT-MS database to retrieve a clip that matches the audio 
clip, from clips that are maintained in the MDCT-MS finger 
print database, based on the calculated hash value of the audio 
clip. 
The method may further include calculating BER values 

between the audio clip and indexed clips and comparing the 
calculated BER values to determine at least one of the indexed 
clips having a lowest BER value as a final result of the retriev 
ing of the clip matching the audio clip. 

Here, the corresponding hash value may utilize a corre 
sponding first peak point and second peak point of the corre 
sponding MDCT-MS. 

In addition, corresponding hash value may utilize a dis 
tance between the corresponding first peak point and second 
peak point of the corresponding MDCT-MS. 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
Further, the generating of the hash table may further 

include generating the hash table by simultaneously utilizing 
information on a corresponding first peak point and second 
peak point of the corresponding MDCT-MS. 
The retrieving of the audio clip may further include retriev 

ing the matching clip from the MDCT-MS fingerprint data 
base based on peak point information of the audio clip. 
The method may still further include generating bits bias 

tolerance with respect to a corresponding first peak point and 
second peak point of the corresponding MDCT-MS. 
To achieve the above and/or other aspects and advantages, 

embodiments of the present invention include at least one 
medium including computer readable code to implement 
embodiments of the present invention. 
To achieve the above and/or other aspects and advantages, 

embodiments of the present invention include an audio infor 
mation storage system, including an audio fingerprint genera 
tion unit to extract an MDCT-MS from audio data in a com 
pressed domain and to generate an audio fingerprint of the 
audio data, and an audio data retrieval unit to refer to a 
database to retrieve retrieval audio data corresponding to the 
generated audio fingerprint. 
The audio fingerprint generation unit may include an 

MDCT coefficient extraction unit to extract MDCT coeffi 
cients from the audio data in the compressed domain by 
partially decoding the audio data, an MDCT coefficient selec 
tion unit to select an MDCT coefficient, existing in a fre 
quency domain not affected by noise, from the extracted 
MDCT coefficients, a modulation spectrum generation unit to 
perform a Discrete Fourier Transform (DFT) with respect to 
the selected MDCT coefficient and to generate an MDCT 
modulation spectrum (MDCT-MS) of the audio data, and a bit 
unit to quantize features of the generated MDCT-MS accord 
ing to a bit derivation method. 

In addition, the bit unit may rank absolute values according 
to the bit derivation method, select unreliable bits from quan 
tized bits, and quantize the selected unreliable bits to 0 and 
1 from 1 and '0, respectively. 
The system may further include peak point extraction unit 

to extract peak points from the MDCT-MS features. 
Here, the audio data retrieval unit may include a hash 

retrieval unit to generate a hash value from the generated 
audio fingerprint and to retrieve at least one candidate audio 
fingerprint from the database which matches the generated 
hash value by referring to a hash table, a fingerprint retrieval 
unit to compare the at least one retrieved candidate audio 
fingerprint and the generated audio fingerprint and retrieving 
one of the at least one candidate audio fingerprint that has a bit 
error rate Smaller than a predetermined reference value, an 
information storage unit to store audio data information, each 
including corresponding candidate audio fingerprints, and an 
information providing unit to provide a user with audio data 
information corresponding to the one of the at least one can 
didate audio fingerprint. 
The hash retrieval unit may include a hash value generation 

unit to extract an indexing bit from the generated audio fin 
gerprint and to generate a hash value by a hash function, a 
hash table storing hash values corresponding to addresses 
referring to each candidate audio fingerprint in the database 
and an address referring to each corresponding audio data 
information, and a table retrieval unit to retrieve the one of the 
at least one candidate audio fingerprint which matches the 
generated hash value from the hash table. 

In addition, the fingerprint retrieval unit may include an 
audio fingerprint storage unit to convert the audio data into the 
generated audio fingerprint and to store the generated audio 
fingerprint, a BER calculation unit to calculating a BER value 
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of the at least one candidate audio fingerprint and the gener 
ated audio fingerprint, a comparison unit to compare a pre 
determined threshold and the calculated BER value, an audio 
fingerprint detection unit to detect the one of the at least one 
candidate audio fingerprint as having a BER value Smaller 
than the threshold, and a threshold adjustment unit to adjust 
the threshold according to a result of the detection of the one 
of the at least one candidate audio fingerprint. 

Here, the threshold adjustment unit may adjust the thresh 
old until only a single candidate audio fingerprint, of the at 
least one candidate audio fingerprints, is detected from the 
audio fingerprint detection unit. 

To achieve the above and/or other aspects and advantages, 
embodiments of the present invention include an audio infor 
mation storage system, to be referred to for retrieval of a 
stored audio data, corresponding to a query audio data input, 
using a hash function, including an MDCT coefficient extrac 
tion unit to extract corresponding MDCT coefficients from 
audio data in corresponding compressed domains by partially 
decoding the audio data, an MDCT coefficient selection unit 
to select a corresponding MDCT coefficient, existing in a 
frequency domain not affected by noise, from the extracted 
corresponding MDCT coefficients, a modulation spectrum 
generation unit to perform a Discrete Fourier Transform 
(DFT) with respect to the selected corresponding MDCT 
coefficient and to generate a corresponding MDCT modula 
tion spectrum (MDCT-MS) of the audio data, a bit unit to 
quantize features of the generated corresponding MDCT-MS 
according to a bit derivation method, and a storage to store a 
plurality of generated audio fingerprints in a database and/or 
to store a hash table corresponding to the plurality of gener 
ated audio fingerprints, based on results of the MDCT coef 
ficient extraction unit, MDCT coefficient selection unit, 
modulation spectrum generation unit, and bit unit. 

In addition, above, the audio data may be music data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and/or other aspects and advantages of the invention 
will become apparent and more readily appreciated from the 
following description of the embodiments, taken in conjunc 
tion with the accompanying drawings of which: 

FIG. 1 illustrates a music information retrieval system, 
according to an embodiment of the present invention; 

FIG. 2 illustrates a music information retrieval system, 
according to another embodiment of the present invention; 

FIG. 3 illustrates an example of MDCT-MS features in a 
music information retrieval system, according to an embodi 
ment of the present invention; 

FIG. 4 illustrates a music information retrieval method, 
according to an embodiment of the present invention; 

FIG. 5 illustrates a music information retrieval method, 
according to another embodiment of the present invention; 
and 

FIG. 6 illustrates a music information retrieval method, 
according to still another embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Reference will now be made in detail to embodiments of 
the present invention, examples of which are illustrated in the 
accompanying drawings, wherein like reference numerals 
refer to the like elements throughout. Embodiments are 
described below in order to explain the present invention by 
referring to the figures. 
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6 
FIG. 1 illustrates a music information retrieval system, 

according to an embodiment of the present invention. 
Referring to FIG. 1, a music information retrieval system 

100, according to an embodiment, may include an audio 
fingerprint generation unit 110 and an audio data retrieval unit 
120, for example. 
The audio fingerprint generation unit 110 may extract a 

Modified Discrete Cosine Transformation-Modulation Spec 
trum (MDCT-MS) from music data of a compressed domain 
and generate an audio fingerprint. The audio fingerprint gen 
eration unit 110 may include an MDCT coefficient extraction 
unit 111, an MDCT coefficient selection unit 112, a modula 
tion spectrum generation unit 113, and a bit unit 114, for 
example. 
The MDCT coefficient extraction unit 111 extracts MDCT 

coefficients from the music data in the compressed domain by 
partially decoding the music data. 
The MDCT coefficient selection unit 112 may select only 

MDCT coefficients which exist in a low frequency domain 
from the extracted MDCT coefficients. In this instance, the 
low frequency domain may includes rhythms of instrumental 
tunes and is not affected by noise. 
The modulation spectrum generation unit 113 may per 

form a Discrete Fourier Transform (DFT) with respect to the 
selected MDCT coefficients and generate a modulation spec 
trum, so as to obtain a repeated tempo of a rhythm, for 
example. In this instance, since the modulate spectrum is 
extracted from music data in the compressed domain, the 
modulation spectrum does not change with respect to a time 
invariant filtering effect and is also robust against noise. Here, 
again, it is noted that as the modulate spectrum can be 
extracted from music data in the compressed domain, noise 
has less of an affect. 
The bit unit 114 may quantize features of the generated 

MDCT-MS of each clip according to a bit derivation 
approach. As an example, when a derivation between neigh 
boring MDCT-MS points is greater than 0, the bit unit 114 
may quantize a bit corresponding to the derivation to 1. 
Also, when the derivation between the neighboring MDCT 
MS points is less than 0, the bit unit 114 may quantize a bit 
corresponding to the derivation to 0, for example. 

According to an embodiment, the music information 
retrieval system may reduce the size of an audio fingerprint by 
performing quantization, according to a process as described 
above, converting the audio fingerprint into a fingerprint that 
is more robust against noise and which may be able to be 
rapidly extracted from a large-capacity database by a query 
ing clip by using a hash table. 
The bitunit 114 may divide the MDCT-MS fingerprint into 

segments, for example, so as to maintain a high hit rate with 
a low false alarm rate. 
As only an example, in one embodiment, when the MDCT 

MS fingerprint is 1024 bits, the bit unit 114 may divide the 
MDCT-MS fingerprint into 128 segments. In this instance, 
each segment may include 8 bits and 2-256 entries with 
respect to each respective hash table. When it is assumed that 
the distribution of hash values is regular and an MDCT-MS 
fingerprint includes 250,000 clips, approximately 1000 clips 
will match each hash value. To maintain the hit rate, 32 hash 
values are generated using initial 32 segments. According to 
the above-described process, clips matching each querying 
clip are increased to 1000x32–32,000. 

According to another embodiment, the bit unit 114 may 
rank absolute values according to the bit derivation approach, 
select unreliable bits from the quantized bits, and quantize the 
selected unreliable bits to 0 and 1, so as to prevent the 
quantized unreliable bits, by the absolute values, from being 
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easily distorted by noise and thus, prevent a quantization error 
from occurring. A music information retrieval method using a 
fingerprint based soft hash searching method according to 
Such an embodiment may improve a hit rate of music infor 
mation retrieval by selecting the unreliable bits and prevent 
ing the quantized unreliable bits from being easily distorted 
by noise. 

The audio data retrieval unit 120 may retrieve audio data 
corresponding to an audio fingerprint, e.g., generated in the 
audio fingerprint generation unit 110, and provide a user, for 
example, with information on the retrieved audio data. The 
audio data retrieval unit 120 may include a hash retrieval unit 
130, a fingerprint retrieval unit 140, an information storage 
unit 150, and an information providing unit 160, for example. 

The hash retrieval unit 130 may further include a hash 
value generation unit 131, a table retrieval unit 132, and a 
hash table 133, for example. 

Here, the hash value generation unit 131 may extract an 
indexing bit from an audio fingerprint, e.g., generated in the 
bit unit 114, and generate a hash value by a hash function. In 
this instance, the indexing bit does not have a consecutive bit 
eO. 

According to another embodiment, the hash value genera 
tion unit 131 may generate a lookup table by selecting an N” 
bit of a Sub-fingerprint, from the generated bits, and selectak 
number of unreliable bits from the selected sub-fingerprint. 
As only an example, in an embodiment the hash table 133 

may store hash values corresponding to an address of each 
audio fingerprint that is stored in the audio fingerprint storage 
unit 141, and an address of each audio data information that is 
stored in the information storage unit 150. 

In this instance, the hash table 133 may be a lookup table 
that is generated using an N number of bits selected from bits 
of an MDCT-MS, e.g., as generated in the bit unit 114. Such 
a fingerprint based hash searching method, according to one 
embodiment, does not calculate a Bit Error Ratio (BER) 
between a given query and each clip of a music database, but 
selects N bits of sub-fingerprints which are selected from bits 
of each block, and utilizes the selected sub-fingerprint for 
indexing and, thus, generates the lookup table. 

However, when an MDCT-MS fingerprint of the querying 
clip is distorted, e.g., by strong noise, and thereby, has a bit 
error, the hash table 133 may select neighboring MN bits as 
hash values and generate an M number of lookup tables so as 
to improve a hit rate of the indexing. 

According to another embodiment, in the hash table 133, 
the length of each segment may be expanded and the hash 
value also increased by unreliable-bits-toggling of an MDCT 
MS fingerprint. As an example, when the each segment is 8 
bits, the length of the each segment may be expanded to 16 
bits and the hash value may become 2'-65536 by unreliable 
bits-toggling. 

Namely, such a music information retrieval method, 
according to this embodiment, may increase the hit rate in 
hash searching by toggling unreliable bits of the MDCT-MS 
fingerprint. Also, this music information retrieval method 
may further expand the hash table by toggling unreliable bits 
of the MDCT-MS fingerprint. 
The table retrieval unit 132 may, thus, retrieve a hash value 

that matches a hash value generated in the hash value genera 
tion unit 131, from the hash table 133. In addition, the table 
retrieval unit 132 may output a candidate audio fingerprint to 
a BER calculation unit 142. 
A hash searching method, according to an embodiment of 

the present invention, may arrange data in a hash table for 
rapidly searching data, for example. Here, when a key value 
of the data is given, the hash searching method may convert 
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8 
the key value into an address of the hash table by an appro 
priate hash function and retrieve the desired data. In this 
instance, the key value of data may include a number string or 
a character String that is a reference when encoding data. 
Further, in the hash searching method, according to an 
embodiment of the present invention, searching time may be 
regular without regard to the size of the hash table and may 
also be faster than an alternate searching method Such as a 
binary search. In addition, with Such a hash table approach, 
data may be easily inserted or deleted. 
A hash function according to an embodiment of the present 

invention may be utilized when converting a key value into an 
address in the hash table. More particularly, the hash function 
enables data to be moved/stored from a set of key values to a 
set of addresses of the hash table. As the possible combina 
tions of key values are much larger than the size of the hash 
table, the hash function, according to one embodiment, may 
be a many-to-one correspondence function. Further, in one 
hash function embodiment, it may be desirable that the cal 
culation be faster and simpler and the number of cases that 
different key values output an identical address should be 
minimized. In addition, according to an embodiment, the 
hash table may have a deep relationship with a hash searching 
performance Further, hash collisions may also be reduced 
depending upon which function is utilized. 

Accordingly, a hash table according to the present inven 
tion will be referred to by a hash function and arranged with 
buckets storing data. In this instance, at least one record may 
be received in a single bucket. When several records are 
received in the bucket, each record will be referred to as a slot. 
To input data into the hash table, the hash searching 

method, according to an embodiment of the present embodi 
ment, may convert a given key value into the hash function 
and thereby obtain an address of the hash table. Here, when a 
bucket corresponding to the obtained address is empty, data 
may be stored/input into the bucket. Alternatively, according 
to an embodiment, if the corresponding bucket is not empty 
the attempt to storefinput the data may be regarded to as a 
collision and an alternate position to storefinput the data may 
be found. A method for solving Such a collision may include 
a linear search, a binary search, a re-hash search, a hash chain, 
etc. 

Ahash searching method, according to embodiments of the 
present invention, thus, obtains a hash address according to 
the above and may thus recorded/obtain data from the address 
in the hash table, to retrieve the data that was previously 
stored/input into the hash table. However, in a hash searching 
method, another bucket may actually include the desired data, 
e.g., due to a collision, rather than the hash function address 
result. Accordingly whether data at the obtained address is the 
desired data may be determined by comparing key values and, 
if it is not the desired data, the desired data may be searched 
for, based upon particular collision rules, until the desired 
data is found. 

Accordingly, with the above having been explained, the 
fingerprint retrieval unit 140 may include an audio fingerprint 
storage unit 141, a BER calculation unit 142, a comparison 
unit 143, an audio fingerprint detection unit 144, and a thresh 
old adjustment unit 145, for example. 
The audio fingerprint storage unit 141 may convert audio 

data into an audio fingerprint and then store the converted 
audio fingerprint. 
The BER calculation unit 142 may calculate a BER value 

of a candidate audio fingerprint, e.g., as output in the table 
retrieval unit 132, and an audio fingerprint generated in the bit 
unit 114, for example, using a hamming distance. 
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The comparison unit 143 may compare a predetermined 
threshold and the calculated BER value and output a result of 
the comparison to the audio fingerprint detection unit 144. 

Here, based on this comparison, the audio fingerprint 
detection unit 144 may further detect the audio fingerprint 
which has a BER value smaller than the predetermined 
threshold. 

The threshold adjustment unit 145 may further adjust the 
threshold according to the detection result of the audio fin 
gerprint detection unit 144. Namely, the threshold adjustment 
unit 145 may strictly adjust a threshold, which is loosely 
applied to an initial comparison in the comparison unit 143, 
according to the result of the detection in the audio fingerprint 
detection unit 144. Here, the threshold adjustment unit 145 
may further repeatedly adjust the threshold until only a single 
audio fingerprint is detected in the audio fingerprint detection 
unit 144. 

The information storage unit 150 may store audio data 
information corresponding to an audio fingerprint stored in 
the audio fingerprint storage unit 141. In this instance, the 
audio data information may include any types of information, 
Such as a title of a song, a singer, a composer, a singSong 
writer, and a play time, for example. Alternative types of 
information are equally available. 

In an embodiment, the information providing unit 160 may 
further extract audio data information corresponding to an 
audio fingerprint, which is detected in the audio fingerprint 
detection unit 144, from the information storage unit 150 and 
then provide a user with the extracted audio data information. 

Accordingly, as described above, a music information 
retrieval system, according to any of the above-described 
embodiments, may generate and/or utilize an MDCT-MS 
fingerprint database of a music file and generate and/or use a 
hash table using an MDCT-MS fingerprint, to rapidly retrieve 
music information according to a hash searching method by 
extracting an MDCT-MS fingerprint from a query music file 
and utilize the extracted MDCT-MS fingerprint as a hash 
value. 

FIG. 2 illustrates a music information retrieval system, 
according to another embodiment of the present invention. 

Referring to FIG. 2, a music information retrieval system 
200, according to an embodiment of the present embodiment, 
may include an audio fingerprint generation unit 210 and an 
audio data retrieval unit 220. 
The audio fingerprint generation unit 210 may extract an 

MDCT-MS from music data of a compressed domain and 
generate an audio fingerprint. The audio fingerprint genera 
tion unit 210 may further include an MDCT coefficient 
extraction unit 211, an MDCT coefficient selection unit 212, 
a modulation spectrum generation unit 213, a peak point 
extraction unit 214, and a bit unit 215, for example. 

Again, the MDCT coefficient extraction unit 211 may 
extract MDCT coefficients from the music data in the com 
pressed domain by partially decoding the music data. 

Here, the MDCT coefficient selection unit 212 may select 
only MDCT coefficients that exist in a low frequency domain 
from the extracted MDCT coefficients. As noted above, the 
low frequency domain includes rhythms of instrumental 
tunes and is not affected by noise. 

The modulation spectrum generation unit 213 may per 
form a DFT with respect to the selected MDCT coefficients 
and generate a modulation spectrum, so as to obtain a 
repeated tempo of a rhythm. In this instance, since the modu 
late spectrum is extracted from music data in the compressed 
domain, the modulation spectrum does not change with 
respect to a time-invariant filtering effect and is also robust 
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10 
against noise. Again, it is noted that the modulate spectrum is 
extracted from music data in the compressed domain. 
The peakpoint extraction unit 214 may extract peak points 

from the generated modulation spectrum. Here, features of 
the modulation spectrum may indicate tempo information 
which has a frequency below about 1 kHz, for example. The 
peak position of the modulation spectrum may indicate a 
major rhythm value in a music signal. Further, the extracted 
peak points are not substantially affected by noise and are 
very robust against real noise. Accordingly, the peak points 
information is suitable for a hash value. 

FIG. 3 illustrates an example of MDCT-MS features in a 
music information retrieval system, according to still another 
embodiment of the present invention. 
As shown in FIG. 3, a first peak point and a second peak 

point, according to MDCT-MS features, may be extracted 
equally in both a clean environment without noise and in a 
noisy environment. 

Since MDCT-MS features may indicate tempo information 
which has a frequency below about 1 kHz, for example, and 
the peak position of the MDCT-MS indicates a major rhythm 
value in a music signal, a music information retrieval method 
according to this embodiment may use the peak points since, 
similar to above, they are not substantially affected by noise 
and are very robust against noise. 

In addition, in Such a music information retrieval method, 
using peak points since the first peak point and the second 
peak point of the MDCT-MS are extremely robust against 
noise, Such peak points information may be utilized as a hash 
value. 

Here, the bit unit 215 may quantize peak points of the 
MDCT-MS for each clip, according to a bit derivation 
approach. 
As an example, when a single block of the MDCT-MS 

fingerprint is quantized into 1024 bits, the peak point may be 
converted from 0 into 1023. In an embodiment, for example, 
when a maximum peakpoint is 1024 bits, an actual peakpoint 
may be distributed in an area of 1,512. When it is assumed 
that the first peak point is N and the second peak point is M. 
(1000*N+M) may be utilized as a hash function, for example. 
In this instance, the N and the M may correspond to 0<N<512 
and 0<M<512, respectively. 
An audio data retrieval unit 220 may further retrieve audio 

data corresponding to an audio fingerprint, e.g., generated in 
the audio fingerprint generation unit 210, and provide a user 
with information on the retrieved audio data. The audio data 
retrieval unit 220 may further include a hash retrieval unit 
230, a fingerprint retrieval unit 240, an information storage 
unit 250, and an information providing unit 260, for example. 
The hash retrieval unit 230 may include a hash value gen 

eration unit 231, a table retrieval unit 232, and a hash table 
233, for example. 

Here, the hash value generation unit 231 may extract an 
indexing bit from an audio fingerprint, e.g., generated in the 
bit unit 215, and generate a hash value by a hash function. In 
this instance, the indexing bit may not have a consecutive bit 
error. Further, the hash value generation unit 231 may utilize 
the peak points information, e.g., extracted in the peak point 
extraction unit 214, as the hash value. As an example, when 
utilizing a hash value of 18 bits, entries of the hash table 233 
may become 2–262,144. 

Thus, according to an embodiment, the hash table 233 may 
store hash values corresponding to an address of each audio 
fingerprint that is stored in the audio fingerprint storage unit 
241, and an address of each audio data information that is 
stored in the information storage unit 250. 
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In this instance, the hash table 233 is a lookup table that 
may be generated using an N number of bits selected from bits 
ofan MDCT-MS, e.g., as generated in the bit unit 114. Similar 
to the fingerprint based hash searching method of the above 
described embodiment of the present invention, an MDCT 
MS fingerprint address corresponding to a fingerprint data 
base may be recorded in the lookup table. 

The table retrieval unit 232 may retrieve a hash value, 
which matches a hash value generated in the hash value 
generation unit 231, from the hash table 233. In addition, the 
table retrieval unit 232 may output a candidate audio finger 
print to a BER calculation unit 242. Namely, the table 
retrieval unit 232 may closely check the lookup table, i.e., the 
hash table 233, and retrieve an address of fingerprint blocks 
that have an identical peak point to the querying clip and 
output the retrieved fingerprints to the BER calculation unit 
242 as the candidate audio fingerprint. 
The fingerprint retrieval unit 240 may further include an 

audio fingerprint storage unit 241, a BER calculation unit 
242, a comparison unit 243, an audio fingerprint detection 
unit 144, and a threshold adjustment unit 245, for example. 

Here, the audio fingerprint storage unit 241 may convert 
audio data into an audio fingerprint and store the converted 
audio fingerprint. 
The BER calculation unit 242 may calculate a BER value 

of a candidate audio fingerprint that is output by the table 
retrieval unit 232 and an audio fingerprint that is generated in 
the bit unit 215 using a hamming distance, for example. 

The comparison unit 243 compares a predetermined 
threshold and the calculated BER value and outputs a result of 
the comparison to the audio fingerprint detection unit 244. 

The audio fingerprint detection unit 244 may further detect 
an audio fingerprint that has a BER value smaller than a 
predetermined threshold according to the result of the com 
parison output from the comparison unit 243. Namely, the 
audio fingerprint detection unit 244 may calculate BER val 
ues between a fingerprint of the querying clip and a candidate 
fingerprint of the database and detect a block of the database 
having a lowest BER value. 

The threshold adjustment unit 245 may adjust the threshold 
based on the result of the audio fingerprint detection unit 244. 
Namely, the threshold adjustment unit 245 may strictly adjust 
a threshold, which is loosely applied to an initial comparison 
in the comparison unit 243, according to the result of detec 
tion in the audio fingerprint detection unit 244. Further, the 
threshold adjustment unit 245 may repeatedly adjust the 
threshold until only a single audio fingerprint is detected in 
the audio fingerprint detection unit 244. 
When the lowest BER value is below a pre-set threshold, 

the fingerprint retrieval unit 240 may select an audio finger 
print corresponding to the lowest BER value as a best 
matched song and may inform the information providing unit 
260 of this event. Further, when the lowest BER value is not 
below the threshold, the fingerprint retrieval unit 240 may 
inform the information providing unit 260 that no song 
matches the querying clip in the database. 
The information storage unit 250 may store audio data 

information corresponding to an audio fingerprint stored in 
the audio fingerprint storage unit 241. In this instance, the 
audio data information may include any types of information, 
Such as a title of a song, a singer, a composer, a singSong 
writer, and a play time, for example. 

The information providing unit 260, thus, may extract 
audio data information corresponding to an audio fingerprint, 
e.g., detected in the audio fingerprint detection unit 244, from 
the information storage unit 250 and provide a user with the 
extracted audio data information. 
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As described above, a music information retrieval system 

according to an above-described embodiment of the present 
invention may accurately retrieve music information even in 
a noisy environment by utilizing peak point information of a 
modulation spectrum. 

FIG. 4 illustrates a music information retrieval method, 
according to an embodiment of the present invention. 

Referring to FIG. 4, in operation 410, if not already gen 
erated, MDCT-MS fingerprint database may be generated 
from music data of a compressed domain. In addition, accord 
ing to an embodiment of the present invention, the MDCT 
MS fingerprint database may enlarged by the addition of 
additional fingerprints, for example. 

Namely, in operation 410, MDCT coefficients from the 
music data, in the compressed domain, may be extracted by 
partially decoding the music data, and only MDCT coeffi 
cients may be selected, for example, as they are not affected 
by noise, from the extracted MDCT coefficients. A DFT, with 
respect to the selected MDCT coefficients, may further be 
performed and thus, a modulation spectrum may be extracted 
and features of the extracted modulation spectrum quantized. 
Through the process described above, a MDCT-MS finger 
print database may be generated with respect to each avail 
able clip. 

In operation 420, a hash table may be generated by using a 
corresponding MDCT-MS fingerprint that is divided into seg 
ments. According to an embodiment, the hash table may 
include hash values corresponding to an address of eachaudio 
fingerprint that is stored in a predetermined audio fingerprint 
storage unit and an address of each audio data information 
that is stored in a predetermined information storage unit. 

Thus, in operation 420, the hashtable may be generated by 
dividing the MDCT-MS fingerprint into a plurality of seg 
ments with an identical length, for example, and utilizing the 
divided segments as the hash value. In this instance, various 
types of hash tables may be generated with respect to the 
MDCT-MS fingerprint database in which each hash table 
corresponds to each segment of the MDCT-MS fingerprint. 

In addition, in operation 420, unreliable bits with respect to 
the MDCT-MS fingerprint may be acquired/determined by 
ranking deviation values of neighboring frames of the 
MDCT-MS. Namely, unreliable bits, with respect to the 
MDCT-MS fingerprint, may be acquired/determined by set 
ting a predetermined threshold with respect to the deviation 
values of neighboring frames of the MDCT-MS. 
A music information retrieval method using a soft hash 

searching method, according to an above-described embodi 
ment of the present invention, may increase a hash value of 
each MDCT-MS fingerprint and expand the hash table by 
toggling unreliable bits of the MDCT-MS fingerprint. Here, 
Such a music information retrieval method may increase a hit 
rate with respect to hash searching by toggling unreliable bits 
of the MDCT-MS fingerprint. 

In operation 430 an MDCT-MS fingerprint from a querying 
clip may be extracted. 

Further, in operation 440, the extracted MDCT-MS finger 
print from the querying clip may be divided into segments, 
Such that the segments may be used as a hash value and to 
retrieve an identical clip by referring to the MDCT-MS fin 
gerprint database. Here, unreliable bits, with respect to the 
MDCT-MS fingerprint of the querying clip, may be toggled 
and the toggled unreliable bits may be applied to the hash 
value. 

In operation 450, BER values, between the querying clip 
and all indexed clips, may be calculated and the calculated 
BER values may be compared to determine a lowest BER 
value as a final retrieval result. 
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As described above, according to the above-described 
embodiments of the present invention, music information 
may be retrieved even in various types of noisy environments 
by using MDCT-MS features. In addition, a song identical to 
a given querying clip may be rapidly retrieved from a large 
capacity of stored songs. 

FIG. 5 illustrates a music information retrieval method 
according to another embodiment of the present invention. 

Referring to FIG. 5, in operation 510, according to an 
embodiment, an MDCT-MS fingerprint database may be gen 
erated. Namely, in operation 510, MDCT coefficients may be 
extracted from music data in the compressed domain by par 
tially decoding the music data, with only MDCT coefficients 
being selected, for example, as they are not affected by noise. 
A DFT, with respect to the selected MDCT coefficients, may 
be performed, and thus, a modulation spectrum may be 
extracted and features of the extracted modulation spectrum 
quantized. Through the process described above, the MDCT 
MS fingerprint database may be generated with respect to 
each clip. 

In operation 520, a hash table with an unreliable-bits 
toggled MDCT-MS fingerprint may be generated. Here, a 
hash value of each MDCT-MS fingerprint may be increased 
by toggling unreliable bits with respect to the MDCT-MS 
fingerprint and the hash table may be expanded according to 
the increased hash value. 

In operation 530, an MDCT-MS fingerprint may be 
extracted from a querying clip while calculating the hash 
value based on the unreliable-bits-toggled MDCT-MS finger 
print. 

Further, in operation 540, the extracted MDCT-MS finger 
print, from the querying clip, may be divided into segments, 
Such that the segments are utilized as a hash value and an 
identical clip may be retrieved by referring to the MDCT-MS 
fingerprint database. 

In operation 550, BER values may be calculated between 
the querying clip and all indexed clips, calculated BER values 
may be compared, and a lowest BER value may be deter 
mined as a final retrieval result. 
As described above, according to the above-described 

embodiment, a hit rate in retrieving music information may 
be increased by utilizing a soft hash searching method and 
adopting unreliable bits, rather than utilizing a simple hash 
searching method. 

FIG. 6 illustrates a music information retrieval method, 
according to still another embodiment of the present inven 
tion. 

Referring to FIG. 6, in operation 610, an MDCT-MS fin 
gerprint database may be generated. 

In operation 620, a hash table may be generated by using 
peak point information as hash values. In this embodiment, a 
first peak point and a second peak point of the MDCT-MS are 
utilized as the hash value. Namely, the distance between the 
first peak point and the second peak point of the MDCT-MS 
may be utilized as the hash value. Further, in operation 620, 
the hash table may be generated by utilizing information on 
the first peak point and the second peak point. 

In addition, in operation 620, the bit length of the hash 
value may be expanded by utilizing information on the first 
peak point and the second peak point of the MDCT-MS. 

Still further, in operation 620, a bit bias tolerance may be 
generated with respect to the first peak point and the second 
peak point of the MDCT-MS. 

Thus, the music information retrieval method, according to 
this above-described embodiment, may increase a hash value 
of each MDCT-MS fingerprint by utilizing an error tolerance 
setting with respect to the first peak point and the second peak 
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point of the MDCT-MS. In addition, the music information 
retrieval method may increase a hit rate of hash searching by 
utilizing the error tolerance setting with respect to the peak 
points. Further, the music information retrieval method may 
expand a hash table by utilizing the error tolerance setting 
with respect to the peak points. 

Still further, as described above, this music information 
retrieval method, according to an embodiment, may extract a 
first peak point and a second peak point of the MDCT-MS 
equally in both a clean environment without noise and a noisy 
environment, as shown in FIG. 3. Accordingly, the music 
information retrieval method may be very robust against 
noise. 

In operation 630, a hash value may be calculated based on 
the peak points and an MDCT-MS fingerprint of a querying 
clip may be extracted. 

In operation 640, a clip identical to the querying clip may 
be retrieved from clips that are maintained in the MDCT-MS 
fingerprint database by using the calculated hash value of 
each segment. Namely, here, a clip identical to the querying 
clip may be retrieved from the MDCT-MS fingerprint data 
base by using peak points of the querying clip. 

In operation 650, the music information retrieval system 
may calculate BER values between the querying clip and all 
indexed clips, such that the calculated BER values are com 
pared and a lowest BER value is determined to be a final 
retrieval result. 
As described above, the music information retrieval 

method, according to the embodiments of the present inven 
tion, may rapidly retrieve music information, even with noise, 
by retrieving music information using peak points of a modu 
lation spectrum. 

In addition to the above described embodiments, embodi 
ments of the present invention can also be implemented 
through computer readable code/instructions in?on a 
medium, e.g., a computer readable medium. The medium can 
correspond to any medium/media permitting the storing and/ 
or transmission of the computer readable code. 
The computer readable code can be recorded/transferred 

on a medium in a variety of ways, with examples of the 
medium including magnetic storage media (e.g., ROM, 
floppy disks, hard disks, etc.), optical recording media (e.g., 
CD-ROMs, or DVDs), for example. The media may also be a 
distributed network, so that the computer readable code is 
stored/transferred and executed in a distributed fashion. 

According to an embodiment of the present invention, 
there may be provided a music information retrieval method, 
medium, and system that can rapidly retrieve music informa 
tion in a noisy environment by extracting a modulation spec 
trum, converting features of the extracted modulation spec 
trum into hash bits, and using a hash table. 

According to an embodiment of the present invention, 
there may be provided a music information retrieval method, 
medium, and system that can rapidly retrieve a song identical 
to a given querying clip from a large-capacity music database 
by using a hash searching method, rather than a conventional 
statistical classification method. 

Although a few embodiments of the present invention have 
been shown and described, the present invention is not limited 
to the described embodiments. Instead, it would be appreci 
ated by those skilled in the art that changes may be made to 
these embodiments without departing from the principles and 
spirit of the invention, the scope of which is defined by the 
claims and their equivalents. 
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What is claimed is: 
1. An audio information storage method, comprising: 
generating a Modified Discrete Cosine Transformation 

Modulation Spectrum (MDCT-MS) fingerprint database 
from audio data in corresponding compressed domains: 

generating a hash table by dividing each MDCT-MS fin 
gerprint in the MDCT-MS fingerprint database into seg 
ments; 

extracting an MDCT-MS fingerprint from an audio clip: 
dividing the extracted MDCT-MS fingerprint from the 

audio clip into segments and utilizing the audio clip 
segments as a hash value for referring to the MDCT-MS 
fingerprint database to retrieve a stored clip that matches 
the audio clip; and 

acquiring unreliable bits with respect to MDCT-MS finger 
prints by ranking deviation values of neighboring frames 
a corresponding MDCT-MS. 

2. The method of claim 1, further comprising calculating 
Bit Error Ratio (BER) values between the audio clip and 
indexed clips of the database, and comparing the calculated 
BER values to determine one of the indexed clips having a 
lowest BER value as a final result of the retrieving of the 
stored clip identical to the audio clip. 

3. The method of claim 1, wherein the generating of the 
hash table comprises: 

dividing each MDCT-MS fingerprint into a plurality of 
segments, each segment having an identical length; and 

generating the hash table by using the divided segments as 
the hash value. 

4. The method of claim 1, wherein the hash table corre 
sponds to each segment of the MDCT-MS fingerprints. 

5. The method of claim 1, wherein the acquiring of the 
unreliable bits comprises acquiring the unreliable bits with 
respect to a corresponding MDCT-MS fingerprint by setting a 
predetermined threshold with respect to the deviation values 
of the neighboring frames of the corresponding MDCT-MS. 

6. At least one non-transitory computer readable medium 
comprising computer readable code to control at least one 
processing element to implement the audio information Stor 
age method of claim 1. 

7. An audio information storage method, comprising: 
generating a Modified Discrete Cosine Transformation 

Modulation Spectrum (MDCT-MS) fingerprint database 
from audio data in corresponding compressed domains: 

generating a hash table for the generated MDCT-MS fin 
gerprint database based on corresponding unreliable 
bits-toggled MDCT-MS fingerprints; 

extracting an MDCT-MS fingerprint from an audio clip 
while calculating a hash value of the audio clip based on 
the unreliable-bits-toggled MDCT-MS fingerprints; and 

referring to the MDCT-MS database to retrieve a clip that 
matches the audio clip based on the hash value of the 
audio clip. 

8. The method of claim 7, further comprising calculating 
Bit Error Ratio (BER) values between the audio clip and 
indexed clips and comparing the calculated BER values to 
determine one of the indexed clips having a lowest BER value 
as a final result of the retrieving of the clip matching the audio 
clip. 

9. At least one non-transitory computer readable medium 
comprising computer readable code to control at least one 
processing element to implement the audio information Stor 
age method of claim 7. 

10. An audio information storage method, comprising: 
generating a Modified Discrete Cosine Transformation 

Modulation Spectrum (MDCT-MS) fingerprint database 
from audio data in corresponding compressed domains: 
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16 
generating a hash table for the generated MDCT-MS fin 

gerprint database by using corresponding peak points as 
a corresponding hash value; 

calculating a hash value, based on peak points, of an audio 
clip and extracting an MDCT-MS fingerprint of the 
audio clip; and 

referring to the MDCT-MS database to retrieve a clip that 
matches the audio clip, from clips that are maintained in 
the MDCT-MS fingerprint database, based on the calcu 
lated hash value of the audio clip. 

11. The method of claim 10, further comprising calculating 
Bit Error Ratio (BER) values between the audio clip and 
indexed clips and comparing the calculated BER values to 
determine at least one of the indexed clips having a lowest 
BER value as a final result of the retrieving of the clip match 
ing the audio clip. 

12. The method of claim 10, wherein the corresponding 
hash value utilizes a corresponding first peak point and sec 
ond peak point of the corresponding MDCT-MS. 

13. The method of claim 12, wherein corresponding hash 
value utilizes a distance between the corresponding first peak 
point and second peak point of the corresponding MDCT 
MS. 

14. The method of claim 10, wherein the generating of the 
hash table further comprises generating the hash table by 
simultaneously utilizing information on a corresponding first 
peak point and second peak point of the corresponding 
MDCT-MS. 

15. The method of claim 10, wherein the retrieving of the 
audio clip further comprises retrieving the matching clip from 
the MDCT-MS fingerprint database based on peak point 
information of the audio clip. 

16. The method of claim 10, further comprising: 
generating bits bias tolerance with respect to a correspond 

ing first peak point and second peak point of the corre 
sponding MDCT-MS. 

17. At least one non-transitory computer readable medium 
comprising computer readable code to control at least one 
processing element to implement the audio information Stor 
age method of claim 10. 

18. An audio information storage system, comprising: 
an audio fingerprint generation unit to extract a Modified 

Discrete Cosine Transformation-Modulation Spectrum 
(MDCT-MS) from audio data in a compressed domain 
and to generate an audio fingerprint of the audio data to 
be stored in a memory; and 

an audio data retrieval unit to refer to a database to retrieve 
retrieval audio data corresponding to the generated 
audio fingerprint, 

wherein the audio fingerprint generation unit comprises: 
a Modified Discrete Cosine Transformation (MDCT) coef 

ficient extraction unit to extract MDCT coefficients from 
the audio data in the compressed domain by partially 
decoding the audio data; 

an MDCT coefficient selection unit to select an MDCT 
coefficient, existing in a frequency domain not affected 
by noise, from the extracted MDCT coefficients; 

a modulation spectrum generation unit to perform a Dis 
crete Fourier Transform (DFT) with respect to the 
selected MDCT coefficient and to generate an MDCT 
modulation spectrum (MDCT-MS) of the audio data; 
and 

a bit unit to quantize features of the generated MDCT-MS 
according to a bit derivation method. 

19. The system of claim 18, wherein the bit unit ranks 
absolute values according to the bit derivation method, selects 
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unreliable bits from quantized bits, and quantizes the selected 
unreliable bits to “0” and 1 from 1 and 0, respectively. 

20. The system of claim 18, further comprising: 
a peak point extraction unit to extract peak points from the 
MDCT-MS features. 

21. The system of claim 18, wherein the audio data retrieval 
unit comprises: 

a hash retrieval unit to generate a hash value from the 
generated audio fingerprint and to retrieve at least one 
candidate audio fingerprint from the database which 
matches the generated hash value by referring to a hash 
table; 

a fingerprint retrieval unit to compare the at least one 
retrieved candidate audio fingerprint and the generated 
audio fingerprint and retrieving one of the at least one 
candidate audio fingerprint that has a bit error rate 
smaller than a predetermined reference value; 

an information storage unit to store audio data information, 
each comprising corresponding candidate audio finger 
prints; and 

an information providing unit to provide a user with audio 
data information corresponding to the one of the at least 
one candidate audio fingerprint. 

22. The system of claim 21, wherein the hash retrieval unit 
comprises: 

ahash value generation unit to extract an indexing bit from 
the generated audio fingerprint and to generate a hash 
value by a hash function; 

ahash table storing hash values corresponding to addresses 
referring to each candidate audio fingerprint in the data 
base and an address referring to each corresponding 
audio data information; and 

a table retrieval unit to retrieve the one of the at least one 
candidate audio fingerprint which matches the generated 
hash value from the hash table. 

23. The system of claim 21, wherein the fingerprint 
retrieval unit comprises: 

an audio fingerprint storage unit to convert the audio data 
into the generated audio fingerprint and to store the 
generated audio fingerprint; 

a Bit Error Ratio (BER) calculation unit to calculating a 
BER value of the at least one candidate audio fingerprint 
and the generated audio fingerprint: 

a comparison unit to compare a predetermined threshold 
and the calculated BER value; 

an audio fingerprint detection unit to detect the one of the at 
least one candidate audio fingerprint as having a BER 
value smaller than the threshold; and 

a threshold adjustment unit to adjust the threshold accord 
ing to a result of the detection of the one of the at least 
one candidate audio fingerprint. 

24. The system of claim 23, wherein the threshold adjust 
ment unit adjusts the threshold until only a single candidate 
audio fingerprint, of the at least one candidate audio finger 
prints, is detected from the audio fingerprint detection unit. 

25. An audio information storage system, to be referred to 
for retrieval of a stored audio data, corresponding to a query 
audio data input, using a hash function, comprising: 

a Modified Discrete Cosine Transformation (MDCT) coef 
ficient extraction unit to extract corresponding MDCT 
coefficients from audio data in corresponding com 
pressed domains by partially decoding the audio data; 

an MDCT coefficient selection unit to select a correspond 
ing MDCT coefficient, existing in a frequency domain 
not affected by noise, from the extracted corresponding 
MDCT coefficients: 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

18 
a modulation spectrum generation unit to perform a Dis 

crete Fourier Transform (DFT) with respect to the 
selected corresponding MDCT coefficient and to gener 
ate a corresponding MDCT modulation spectrum 
(MDCT-MS) of the audio data to be stored in a memory; 

a bit unit to quantize features of the generated correspond 
ing MDCT-MS according to a bit derivation method; and 

a storage to store a plurality of generated audio fingerprints 
in a database and/or to store a hash table corresponding 
to the plurality of generated audio fingerprints, based on 
results of the MDCT coefficient extraction unit, MDCT 
coefficient selection unit, modulation spectrum genera 
tion unit, and bit unit. 

26. An audio retrieving method, comprising: 
extracting, using at least One processor, a fingerprint from 

querying audio, 
comparing, using the at least one processor, the extracted 

querying audio fingerprint with One or more candidate 
audio fingerprints, respectively extracted from One or 
more candidate audios, by referring to a database, 

determining, using the at least one processor, which of the 
One or more candidate audio fingerprints matches the 
extracted querying audio fingerprint, and 

providing, using the at least one processor, audio informa 
tion with respect to the One or more candidate audios 
corresponding to the determined one or more matching 
candidate audio fingerprints, 

wherein the comparing comprises. 
generating a querying hash value using the extracted 

querying audio fingerprint, 
adjusting the querying hash value by toggling deter 

mined unreliable bits according to the extracted que 
rving audio fingerprint. 

27. The method of claim 26, wherein the comparing further 
comprises. 

comparing the querying hash value with one or more can 
didate hash values, corresponding to the One or more 
candidate audio fingerprints, by referring to a hash 
table, and 

determining which of the One or more candidate hash val 
ues matches the querying hash value. 

28. The method of claim 27, wherein the generating 
includes dividing the extracted querying audio fingerprint 
into a plurality of segments, and utilizing each of the plurality 
of segments in the generating of the querying hash value. 

29. The method of claim 27, wherein the generating of the 
querying hash value includes utilizing a peakpoint of a modu 
lation spectrum of the querying audio according to the 
extracted querying audio fingerprint. 

30. The method of claim 27, wherein the determining 
includes determining which of the candidate hash values 
matches the querying hash value based on determined error 
information, the determined error information being related 
to respective candidate audio fingerprints and the querying 
audio. 

31. The method of claim 26, 
wherein the extracting of the fingerprint of the querying 

audio includes converting a modulation spectrum of the 
querying audio, based on frequency transform, and 

wherein the modulation spectrum is generated by decoding 
the querying audio. 

32. At least One non-transitory computer readable medium 
comprising computer readable code to control at least one 
processing device to implement the audio retrieving method 
of claim 26. 
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33. An audio retrieving apparatus, comprising: 
a fingerprint retrieving unit which extracts a fingerprint to 

be stored in a memory from querying audio, compares 
the extracted querying audio fingerprint with one or 
more candidate audio fingerprints, respectively 
extracted from one or more candidate audios, by refer 
ring to a database, and determines which of the one or 
more candidate audio fingerprints matches the extracted 
querying audio fingerprint, and 

an information providing unit which provides audio infor 
mation with respect to the One or more candidate audios 
corresponding to the determined one or more matching 
candidate audio fingerprints, 

wherein the fingerprint retrieving unit generates a query 
ing hash value using the extracted querying audio fin 
gerprint, and 

wherein the fingerprint retrieving unit is configured to 
adjust the querying hash value by toggling determined 
unreliable-bits according to the extracted querying 
audio fingerprint. 

34. The apparatus of claim 33, wherein the fingerprint 
retrieving unit compares the querying hash value with one or 
more candidate hash values, corresponding to the one or 
more candidate audio fingerprints, by referring to a hash 

20 
table, and determines which of the One or more candidate 
hash values matches the querying hash value. 

35. The apparatus of claim 34, wherein the fingerprint 
retrieving unit divides the extracted querying audio finger 

5 print into a plurality of segments, and utilizes each of the 
plurality of segments in the generating of the querying hash 
value. 

36. The apparatus of claim 34, wherein the fingerprint 
retrieving unit utilizes a peakpoint of a modulation spectrum 

10 of the querying audio according to the extracted querying 
audio fingerprint. 

37. The apparatus of claim 34, wherein the fingerprint 
retrieving unit determines which of the candidate hash values 
matches the querying hash value based on determined error 

15 information, the determined error information being related 
to respective candidate audio fingerprints and the querying 
audio. 

38. The apparatus of claim 33, 
wherein the fingerprint retrieving unit converts a modula 

tion spectrum of the querying audio, based on frequency 
transform, and 

wherein the fingerprint retrieving unit generates the modu 
lation spectrum by decoding the querying audio. 


