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Abstract: Waveform audio (WAV) file is a widely used file format of uncompressed audio. With the rapid
development of digital media technology, one can easily insert duplicated segments with powerful audio editing
software, e.g. inserting a segment of audio with negative meaning into the existing audio file. The duplicated
segments can change the meaning of the audio file totally. So for a WAV file to be used as evidence in legal
proceedings and historical documents, it is very importance to identify if there are any duplicated segments in it.
This paper proposes a method to detect duplicated segments in a WAV file. Our method is based on the similarity
calculation between two different segments. Duplicated segments are prone to having similar audio waveform,
i.e., a high similarity. We use fast convolution algorithm to calculate the similarity, which makes our method
quit efficient. We calculate the similarity between any two different segments in a digital audio file and use the
similarity to judge which segments are duplicated. Experimental results show the feasibility and efficiency of our
method on detecting duplicated audio segments.
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0 Introduction

Today people have more concern about the authen-
tication of digital audio as the audio editing software is
becoming more powerful. There are many ways to tam-
per digital audio. Audio forensics is becoming more and
more important as digital audio can be used as evidence
in court and other special occasions.

The duplicate audio inserting is one of the methods
to falsify digital audio. Suppose that we have some-
one read several sentences and record the voice into
waveform audio (WAV) file format. One can identify
a segment of audio wave for the word “not” and insert
the segment into any sentence he wants to change the
meaning. This kind of modification could bring trou-
ble in digital audio forensic. It, no doubt, can lead to
unanticipated consequences once some part in audio file
being duplicated maliciously.

The authenticity of an audio file has got some re-
searchers’ attention recently as the authenticity of dig-
ital audio becomes more and more important. And
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inserting duplicated segment into WAV file is a com-
mon audio tampering method. There are indeed some
technologies to detect the authenticity of digital audio,
but little effort has been put to the research on the
detection of duplicated segment.

The researches of audio forensics start from 1990s.
There have been many achievements. Farid[1] used bis-
pectral analysis to detect digital forgery in speech signal
on the basis of the assumption that a “natural” sig-
nal has weak higher-order statistical correlations in the
frequency domain, and forgery in speech would intro-
duce “un-natural” correlations. Cano et al.[2] brought
on an audio fingerprinting system for duplicate detec-
tion. Grigoras[3] pointed out that digital equipment
captured the intended speech and the 50/60 Hz electric
network frequency (ENF) when recording. The ENF
criterion could be used to check the integrity of digital
audio recordings and to verify the exact time when a
digital recording was created. Duplicate song detection
using audio fingerprinting for consumer electronics de-
vices also showed up in 2006[4]. Yao et al.[5] utilized
expectation-maximization (EM) algorithm in parame-
ter estimation of periodic linear correlation to detect
whether the signal is interpolated. This method is con-
fined to linear interpolation detection. Kraetzer et al.[6]

proposed a method to determine the authenticity of the
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speaker’s environment. It was said that the extraction
of background features of an audio stream could provide
an informative basis for determining its origin location
and the used microphone. Yang et al.[7] introduced a
format conversion dependent method for locating forg-
eries (insertions and deletions) in MP3 files by time do-
main based analysis of encoder frame offsets. Maher[8]

provided the forensic examination which has presented
an overview of current practices in the field of audio
forensics. Meanwhile, Maher[9] gave an overview about
the relevant technology about audio and reviewed sev-
eral areas for the research and development in 2010.
Rodŕıguez et al.[10] presented audio authenticity about
detecting ENF discontinuity with high precision phase
analysis. For the problem of detecting duplicated seg-
ment, little effort can be found on this matter.

The duplicated segment in WAV file has posed a
threat to the authenticity of digital audio. This pa-
per proposes a method to detect duplicated segments
in an audio file. Based on the essential characteristics
of WAV file, this paper proposes a concept of similar-
ity which is related to covariance function. We can
locate the duplicated segment through calculating the
similarity between two different parts in an audio file
using convolution. We set a threshold for similarity.
The segments will be considered duplicate if the value
of similarity is above the threshold. This method also
uses the technology about fast Fourier transform algo-
rithm; with it, the execution time can be dramatically
reduced without changing the results.

1 Similarity Between Audio Segments

The purpose of this section is to define a concept of
similarity which is used to describe the similar degree
between two segments of an audio file, and how to cal-
culate the similarity between the two parts.
1.1 Definition of Similarity

From the basic characteristics about audio signal, it
is obvious that the similar parts of audio are bound
to have similar audio signals. We define the similarity
which represents the similar degree between two differ-
ent segments in one audio file. Based on this similar-
ity property, this paper proposes a method to detect
duplicate audio through computing the similarity be-
tween every two segments in the audio file, and gives a
threshold to determine whether the audio file has du-
plicated segment inserted. The definition of similarity
is as follows: given a WAV format file (assume the total
playback time is T ′, sampling length is L and sampling
rate is rs) and a fixed time period T (T < T ′), the audio
file can be divided into many segments based on T , and
the time length of each segment is T . We denote K as

the number of segments, and K is equal to
[
T ′

T

]
+ 1.

For each segment, we have that the sampling length is

N and we can get N = rsT .
For the segment [mN, (m + 1)N − 1] (m =

0, 1, · · · , K − 1), we assume that the sample point in
order is hi, where i = 0, 1, · · · , N −1, especially h0 rep-
resents the sample point at mN , and hN−1 represents
the sample point at (m + 1)N − 1.

Now let us define a function f(sm, st),

f(sm, st) =

2
N−1∑
i=0

hixi

N−1∑
i=0

(h2
i + x2

i )

,

m = 0, 1, · · · , K − 1,

t = 0, 1, · · · , (K − 1)N,

where, sm and st represent the parts [mN, (m+1)N−1]
and [t, t + N − 1] in the audio file, respectively; hi and
xi represent the sample points in the parts [mN, (m +
1)N −1] and [t, t+N −1] of the audio file, respectively.

The value of this function is the similarity of sm and
st segments in the audio file. From the property of
the function, it is obvious that the more similar the
two segments are, the larger the value is. In addi-
tion, when these two segments are totally the same,
the value of this function gets to the maximum, that is
f(sm, st) = 1. On the contrary, if the signal of these
two segments is definitely different from each other,
the value of the function will become very small, and
the value will be close to 0. So we can determine
whether the two segments in the audio file are dupli-
cated from the value of the function. For example, if
f(sm, st) → 1, the duplication degree is high between
the parts [mN, (m+1)N−1] and [t, t+N−1]. Instead,
if f(sm, st) → 0, the duplication degree is low and the
two segments have very different signals.

As a standard for inspecting whether two parts are
duplicated, the value of the function is the similarity we
defined, and it represents the similarity degree between
the parts [mN, (m + 1)N − 1] and [t, t + N − 1] in the
audio file.
1.2 Calculation of Similarity

From the defined function above, we can get the mul-
tiplication which needs to be carried out: O(K2N2), if
the function is calculated directly. Obviously, the copu-
lation load is tremendous. It will make a huge discount
to the applicability of this method. So it is important
to reduce the computation load as lower as possible.

Considering the formula of discrete-time convolution,
we know that the value of the function above can be
calculated by the convolution:

y(k) = h(k) ∗ x(k) =
∑

i

hixk−i.
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To calculate
N−1∑
i=0

hixi, we should firstly reverse the

data series xi, and let’s call it x′
i. So we can get

y(k) = h(k) ∗ x′(k) =
∑

i

hix
′
k−i =

∑
i

hixi.

According to the definition of similarity, it can be
divided into three convolutions. The computation of
these convolutions decides the whole calculated amount
of this procedure. So how to reduce the amount of
calculation is the key to improve efficiency.

When we implement the algorithm, the calculating
time can be reduced obviously by using Fourier trans-
formation. The experimental results prove that the fast
Fourier transformation shortens almost half of the op-
eration time.

Compared with calculation directly, computation
load is reduced a lot. In this way these three parts
of function can be calculated in order. Then we can
obtain the corresponding similarity.

2 Description About the Detect Process

The work flow of detecting duplicated audio segment
mainly includes three steps.

(1) We divide the audio file into many segments with
the time span of T . This is the essential preparing for
the research of next part. And for this division, choos-
ing a proper time span T is significant for us. If the
value of T is too small, it will increase the computa-
tion load and it has no practical significance. If the
value of T is too large, not all duplicate audio inserting
parts can be detected, and it will impact the accuracy
of our outcome. So under normal circumstances, 0.2 s
will be chosen as a duplicate part which is no less than
0.4 s. Thus we can be sure that we never miss hitting a
duplicated segment and reduce the computation load.

(2) We need to calculate the similarity which is the
standard of the similar degree of two parts in an au-
dio file. The step is the most essential step in our
method. In the part 1, we have introduced the defini-
tion and meaning of similarity and the fast convolution
algorithms to reduce the calculated amount. Besides,
the sample rate will have a great impact on the calcu-
lation of similarity too. Normally, the sample rate of a
WAV format audio is 44.1 kHz; if being used directly,
the computation of this program is still huge and will
lead to a decrease to the computation efficiency. So
computing costs can be reduced and efficiency can be
advanced further by reducing the sample rate to an ap-
propriate degree. That is, if the sample rate is reduced
about D times, the calculation of the whole program
will be decreased by D times. This will improve oper-
ating efficiency greatly. At the same time, the reduced
multiples can be set arbitrarily according to the accu-

racy being desired. For convenience, we assume D = 1
in this study.

(3) We need to set a threshold to decide which parts
are duplicated. If the value of a similarity is larger than
this threshold, the relative parts of this similarity are
duplicated. From this method, we can know the exact
location of duplicate parts too. This threshold can be
set based on the precision we want.

The whole process of detecting duplicate audio in-
serting is shown in Fig. 1. As shown in Fig. 1, we di-
vide the whole audio file into segments whose length is
T . We set an initial value from 0 to m, sm is set as
the (m + 1)th segment and st is set as segment which
begins at the (t + 1)th sample point in this file. Ac-
cording to the similarity defined above, the similarity
value between two segments of the audio file is calcu-
lated. Meanwhile, a threshold q is defined to distin-
guish whether two segments are duplicated; that is, if
f(sm, st) � q, they are considered to be duplicated,
and they output the start time and end time of relative
parts.

Reverse sm

Convolve with the whole file

Get Dup[t]

Find the maximum Dup[a]

Clear closer values

Find the maximum Dup[b]

Dup[b]>q

m=m+1

QuitYN

N

Y Output
(m, b)

Clear closer
values

m>K−1

Start

m=1

Fig. 1 Description about the detect process

After calculating the convolution sum of sm and
the whole file, we can get the array of f(sm, st) (t =
0, 1, · · · , (K −1)N). Let’s call this array Dup[t]. When
we find the maximum value Dup[a] = 1, it’s obvious
that a equals mN because of f(sm, st) = 1. Next,
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we clear the values beside Dup[a],
(
Dup[x] = 0, for

x ∈
[
max

{
0, a−

[N

4

]}
, min

{
a+

[N

4

]
, KN

}])
. Then

we search for the maximum value of Dup[t] again,
and compare the maximum value Dup[b] with q. If
Dup[b] < q, we can know that there is no duplication
of segment sm. If Dup[b] > q, we should record b and
clear the values beside Dup[b], and repeat the operation
of search and comparison to find out all the duplicated
pieces of sm.

Next, let m = m+1 and implement similar operation
to the above one, until m = K. By this time every part
has compared with the whole audio file. We can get all
the position of duplicated segments in the file.

According to the output, we can draw a conclusion
whether there is duplicated segment and which segment
is duplicated accurately. At the same time we need to
know that this conclusion has a great relevant to the
threshold value we set, so this threshold should be set
cautiously according to the precision we want.

3 Experimental Results

In this section, we will show the effect of checking
the duplicated segment by using the method mentioned
above. We will design three experiments to check the
effect of this method. The first experiment is using a
WAV format file with duplicated segments we inserted,
while the second experiment without duplication. The
last experiment is the research on the impact of audio
compression.
3.1 Outcome of a WAV File with Duplication

As the time period (we used) is 0.2 s, the duplicate
parts (less than 0.2 s) are overlooked. The outcome of
the WAV file with duplicate parts is shown in Fig. 2.

In Fig. 2, we can see that the marks have clearly
pointed out the duplicate parts. The next two figures
show the similarity of two different segments. One is the
duplicated segment, and the other is a non-duplication
segment.

Fig. 2 Outcome of a WAV file with duplicate parts

In Fig. 3, we can see that the duplication degree of
several parts in this audio is above the threshold line,
so we can get the conclusion that there are duplicated
audio segments inserted in the audio file. For contrast,
the duplication degree of a segment without duplication
is shown in Fig. 4.

Fig. 3 Duplication degree of a duplicated segment

Fig. 4 Duplication degree of a segment without
duplication

The outputs of detection coincide with the fact. This
method is effective to detect the audio file with dupli-
cation.
3.2 Outcome of a WAV File Without Duplica-

tion
For the WAV file without duplication, the output is

shown in Fig. 5. From Fig. 5, we can see that there is no
duplication in the audio file since there is no duplication
mark. That is, any segment in the audio file has a low
similarity with the rest segments in the file. So we can
get a judgment that the audio file has no duplication.
3.3 Impact of Compression

Furthermore, we convert the sample WAV file into
MP3 audio file with different compression ratios. And
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Fig. 5 Outcome of a WAV file without duplication

we design a comparative experiment to find out whether
the compression will affect our outcome. The experi-
ment tests the outcome of these different compressed
files with different duplication threshold values. If the

duplication degree between two segments is larger than
the duplication threshold, we will mark it as a dupli-
cated segment.

Table 1 shows our conclusion of the comparative ex-
periment. The tick means that the output is the same
as the fact. The cross means that the output has too
much marked segments and in fact some of the segments
are not duplicated. The triangle means that we fail to
mark all the duplicated segments. With the duplica-
tion threshold value from 0.95 to 0.98, the compression
will not affect the outcome effectively. With a high du-
plication threshold value like 0.99, the outcome will be
affected in case the file is highly compressed. So, as
long as we set a proper duplication threshold, we can
get outputs which are the same as the fact, no matter
whether the audio file has compression or not.

The outcome of a compressed WAV file with duplica-
tion is shown in Fig. 6. Compared with the output in
the first experiment (without compression), there isn’t
any obvious difference between the two outputs.

Table 1 Impact of compression with different duplication threshold values

File

format

Compression ratio/

(kb· s−1)

Duplication threshold

0.93 0.94 0.95 0.96 0.97 0.98 0.99

MP3 65 × × √ √ √ √ �
MP3 85 × × √ √ √ √ �
MP3 100 × × √ √ √ √ �
MP3 115 × × √ √ √ √ √

MP3 130 × × √ √ √ √ √

MP3 165 × × √ √ √ √ √

MP3 175 × × √ √ √ √ √

MP3 190 × × √ √ √ √ √

MP3 225 × × √ √ √ √ √

MP3 245 × × √ √ √ √ √

WAV 406 × × √ √ √ √ √

×—False alarm;
√

—Correct; �—Omission

Fig. 6 Outcome of a compressed WAV file with duplication

Through the first and the second experiments, we can
know that the outputs are the same as the fact, no mat-
ter whether the audio file has duplication or not. And
the information about duplicate audio is clear in the
outputs, the duplicate information can be got quickly.
In the third experiment, we show that our method can
also be used for the compressed audio file format, like
MP3. We verify the accuracy of this method. It has an
important practical significance and application value.

4 Conclusion

This paper proposes a method to detect duplicate
audio in a WAV format file. Based on the stability
of audio wave, we can make conclusion by comparing
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audio wave between different segments. In this pro-
cess, we use the fast convolution to speed up computa-
tion. That is, for detecting whether it has duplicated
segments in an audio file, this paper proposes the fol-
lowing method. Firstly, we get the sampling data (the
sampling rate of the audio file), and make a division
to this audio file as a necessary preparation to process.
Secondly, we get each segment’s separate array which
contains similarity values by convolving each segment
with the whole audio wave of the file. At last, we com-
pare the similarity values with the threshold value we
set, and output the related segments whose similarity
value is greater than the threshold value. Then we can
come to a conclusion. From the experiments above,
we can see that the method we propose has good per-
formance on detecting duplicated segment inserted in
WAV file and locating the position of duplicated seg-
ments. Though the method we propose is a relatively
efficient way, there is still huge room for improvement.
Like the problem about reverberation, we know that
the reverberation will change the audio wave obviously;
however, the reverberation software is not difficult to
get. If the counterfeiters reverberate the audio, the re-
sult will have some difference with the original one. So
it still needs to be improved.
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