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ABSTRACT

An audio fingerprinting system identifies an audio based on a
unique feature vector called the audio fingerprint. The performance
of an audio fingerprinting system is directly related to the finger-
print that the system uses. To reduce both the DB size and the DB
search time, binary fingerprints are often used. However convert-
ing a real-valued fingerprint into a binary fingerprint results in loss
of information and leads to severe degradation in performance. In
this paper, an algorithm known as boosting is used as a binary con-
version method which minimizes the degradation. The experimental
results showed that the proposed binary audio fingerprint obtained
by boosting the spectral subband moments outperformed some of
the state-of-the-art binary audio fingerprints in the context of both
robustness and pair-wise independence (reliability).

Index Terms— Audio fingerprint, Spectral subband moment,
Boosting

1. INTRODUCTION

An audio fingerprinting system identifies an audio by first extracting
short feature vectors called audio fingerprints from the query audio
clip and then identifying the audio whose fingerprints are closest to
the query fingerprint. The audio fingerprints of all audio are ini-
tially stored in a database (DB). The performance of an audio fin-
gerprinting system, which is often measured in terms of pair-wise
independence (reliability) and robustness [1], is directly related to
the fingerprint that the system uses. Since fast large-scale search is
also essential in an audio fingerprinting system, the audio fingerprint
also needs to be as compact as possible.

Recently, many audio fingerprinting systems based on a binary
fingerprint have been proposed [2][3]. Haitsma and Kalker [2] cal-
culate the subband energy differences between adjacent frames and
then generate a binary fingerprint by quantizing the difference with a
single bit. Ke et al. [3] generalize the Haitsma and Kalker’s method
by using the pair-wise boosting which is a variant of a well-known
boosting technique called the AdaBoost [4]. The binary fingerprint
is desirable for fast DB search since it enables direct indexing instead
of'a range search which is inevitable in most multimedia fingerprint-
ing systems. Direct indexing uses a look-up table or a hash table to
search the fingerprint in the DB and does not suffer from the curse of
dimensionality. However the conversion of a real-valued fingerprint
to a binary fingerprint results in loss of information and can lead to
severe degradation in performance, which comes about due to the
loss in pair-wise independence property.

In this paper, a binary audio fingerprint that is compact for a fast
DB search while minimizing the performance degradation is pro-
posed. The proposed audio fingerprint is based on the first-order
normalized subband spectral moment [1]. The first-order normalized
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moment is known to be not only reliable but also robust against com-
mon audio processing steps including lossy compression, random
start, equalization, etc. A well-known boosting technique known as
the AdaBoost [4] is sometimes used in the audio classification prob-
lem to improve the performance of the classifier through learning
[6]][7]. The modified AdaBoost algorithm [3] is used in this paper
to obtain a binary fingerprint from the first-order normalized sub-
band spectral moment. The experimental results show that the pro-
posed audio fingerprint outperforms other state-of-the-art binary fin-
gerprint in the context of audio identification.

The rest of the paper is organized as follows. Section 2 describes
the proposed audio fingerprint and boosting algorithm. Section 3
evaluates the performance of the proposed audio fingerprint for var-
ious distortions and compares the performance with that of other
state-of-the-art audio fingerprints. Finally, Section 4 concludes this

paper.

2. PROPOSED AUDIO FINGERPRINT

Fig. 1 shows the overall procedure to extract binary audio finger-
prints from an audio clip. First, base audio features are extracted
from the audio signal. As explained above, the first-order normal-
ized spectral subband moment (#1) is used as the base audio feature
in this paper. Then, the base audio feature which consists of real-
valued elements is converted to a binary fingerprint. The details of
the proposed audio fingerprint are explained in the following subsec-
tions.

2.1. Normalized spectral subband moments

The vth-order moment of the mth subband in the nth frame is de-

fined as
Clm+1]
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where C[m| and P|n, k] denote the frequency boundary of the mth
critical band and the short-time power spectrum of audio signal at
frequency bin k of the nth frame, respectively. Then the first-order
normalized spectral subband moment 51 [, m| of the mth subband
in the nth frame is defined as
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The 71 has a range between -0.5 and 0.5 in all critical bands.

The base audio feature based on the 7; is extracted as follows.
First, an input audio is converted to mono and downsampled to 11025
Hz. Next, the downsampled signal is split into overlapping frames
windowed by Hamming window. The window size is 4096 samples
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