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Abstract— Acoustic signal classification consists of extracting 
the features from a sound, and of using these features to 
identify classes the sound is liable to fit.. Different types of 
noise coming from different vehicles mix in the environment 
and identifying a particular vehicle is a challenging one. 
Feature Extraction is done to identify the characteristic of the 
vehicle. The characteristic of each vehicle will be used to detect 
its presence and classify its type. Six different features of the 
vehicle acoustic signals are calculated and then further utilized 
as input to the classification system. These features include 
Signal Energy, Energy Entropy, Zero-Crossing Rate, Spectral 
Roll-Off, Spectral Centroid and Spectral Flux. All these 
features are extracted from each and every acoustic signal of 
the vehicles.
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I. Introduction

The key target of the feature extraction and selection is to 
get the most effective features from the variety of features. In 
general the data size of the signal wave or image is ample. 
For example, a digital image contains several thousand of 
data, a acoustic waveform of electrocardiogram or a 
waveform of copter (or tank or other target) may also contain 
several thousand of data. The data of a satellite remote 
sensing image is huge, so recognition and classification of 
these data is incredible [1, 2].

Acoustic sensors, such as a microphone array, can collect 
an acoustic signal to identify the type and localize the 
position of a working ground vehicle. Acoustic sensors can 
be used in sensor networks for applications such as traffic 
monitoring and battlefield surveillance [3, 4]. They become 
more and more attractive because they can be rapidly 
deployed and low cost [5, 6]. One of the research areas in 
acoustic sensor processing is identification of the type of the 
vehicle [7], which can help to improve the performance of 
tracking. The main approaches in acoustic vehicle 
classification mainly use signal processing and pattern 
recognition techniques. Many acoustic features can be 
extracted to classify working ground vehicles. The 
commonly-used features are Signal Energy, Energy Entropy, 
Zero-Crossing Rate, Spectral Roll-Off, Spectral Centroid and 
Spectral Flux.

The remainder of this paper is organized as follows. 
Section 2 gives the details about significance of the feature 
extraction in signal processing. Section 3 describes about the 
features extracted, experimentation and results. Conclusion 
follows in Section 4.

II. Significance of Feature Extraction

Figure 1 shows the diagram of the sequence of operations 
in signal processing. Feature extraction is the most important 
step for object recognition. The objective of feature 
extraction is to extract meaningful features from acoustic 
signals so that they can be classified according to their 
source.

Figure 1. Flow diagram for Signal Processing

Feature extraction takes the high dimensional 
characteristic information into the low dimensional 
characteristic by the method of mapping or transformation. 
However, getting more features does not always mean better 
as the number of characteristic parameters is not proportional 
to recognition rate.

The feature selection process chooses valuable features 
from extractive, and deletes worthless features by some 
kinds of the regulation of classification. Due to this, the 
dimensionality of the feature space will be compressed 
strangely. The capability of the feature extraction and the 
rationality of the feature selection will influence the
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recognition rate. Next section discusses the list of features 
that are extracted from the input acoustic signal.

III. Experimentation and Results

Feature extraction is the most important step in audio 
classification. The discussed six features are calculated for 
all the 10 signals shown in Annexure I. For each of the 
feature sequences, a simple statistic ie, the standard 
deviation value is calculated. Those statistic values are the 
final feature values that characterize the input audio signal. 
The features considered here are [8,9, 10], 

i) Short-time Energy 
Entropy 
Spectral Flux 
Spectral Centroid 
Spectral Rolloff 
Zero-crossing rate

Short-Time Energy (E): The short-time energy of a 
frame is defined as the sum of squares of the signal 
samples normalized by the frame length. This is shown 
in the equation 1.
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Entropy: The entropy is the measure of information 
content, which is interpreted as the average uncertainty 
of information source. It is calculated as the summation 
of the products of the probability of outcome multiplied 
by the log of the inverse of the outcome probability, 
taking into considerations of all possible outcomes {1,
2, ..., n} in the event {x', x ,̂ ..., x"}, where ‘n’ is the 
number of frames; p(i) is the probability distribution, 
considering all histogram counts. It is formulated as (2).

E{x)  = “ X  P ^)  log2 (/^(O)------------- (2)
;=1

Spectral Flux: Spectral Flux is a measure of how 
quickly the power spectrum of a signal is changing. The 
Spectral Flux method of onset detection measures the 
change in magnitude of the power of the entire 
spectrum across consequent spectrums. If there is a 
transient or a sudden attack, the change in energy will 
be denoted by a jump in the difference of energy 
between consequent spectrums. Shown in equation 3.
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rise in energy while a negative difference value 
indicates a dip in energy.
Spectral Centroid: The Spectral Centroid is a measure 
used in digital signal processing to characterize a 
spectrum. It indicates where the "center of mass" of the 
spectrum is. Perceptually, it has a robust connection 
with the impression of "brightness" of a sound. It is 
calculated as the weighted mean of the frequencies 
present in the signal, with their magnitudes as the 
weight:

where x(n) represents the magnitude of bin number n, 
and f(n) represents the center frequency of that bin. 
Spectral Rolloff (R): This feature measures the 
frequency below which a specific amount of the 
spectrum magnitude resides. It measures the 
“skewness” of the spectral shape. The Rolloff point is 
calculated as,

r  m N-l
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where the threshold, TH, takes values between 0.85 and 
0.99.
Zero-crossing rate: The zero-crossing rate is the rate 
of sign-changes along a signal, i.e., the rate at which the 
signal changes from positive to negative or back. This 
feature has been used heavily in both speech 
recognition and music information retrieval and is 
defined formally as,

T-l
zcr = -
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M

-(6)

where ‘s’ is a signal of length ‘T’ and the indicator 
function is 1 if its argument ‘A’ is true and 0 otherwise.

Below table I and table II shows the feature values and 
time elapsed to calculate for all the 10 acoustic signals.

It is important to note that after taking the difference in 
the spectrums, a positive difference value indicates a



TABLE I. Featurevalues for 10 signals

S ig n a ls
S h o r t
T im e

E n e r g y
E n tr o p y Z C R C en tro id R o ll O f f F lu x

S ig n a l 1 0.0723 0.1754 0.0506 0.0562 0.0231 2.7858
S ig n a l 2 0.0186 0.1335 0.0595 0.0488 0.0463 3.7177
S ig n a l 3 0.0125 0.0357 0.0126 0.0102 0.0231 2.4175
S ig n a l 4 0.08 0.1021 0.0214 0.0175 0.0463 1.1708
S ig n a l 5 0.0318 0.1735 0.0199 0.0255 0.0231 1.6348
S ig n a l 6 0.0743 0.0476 0.0367 0.0259 0.0463 2.7233
S ig n a l 7 0.0381 0.1744 0.0065 0.0152 0.0116 0.8164
S ig n a l 8 0.0419 0.0356 0.0032 0.0148 0.0116 0.1667
S ig n a l 9 0.0173 0.0473 0.0088 0.0115 0.0231 1.5424

S ig n a l 10 0.0277 0.1891 0.0206 0.0195 0.0116 2.5335

TABLE II. Time elapsed to calculate the feature values for 10 signals

S ig n a ls
S h o r t
T im e

E n e r g y
E n tr o p y Z C R C en tro id R o ll O f f F lu x

S ig n a l 1 0.256274 0.263876 0.26299 0.340549 0.321249 0.560742
S ig n a l 2 0.09992 0.100553 0.101612 0.114935 0.105902 0.261436
S ig n a l 3 0.106958 0.062942 0.061365 0.06866 0.064562 0.090057
S ig n a l 4 0.129357 0.074548 0.087715 0.110957 0.08849 0.197344
S ig n a l 5 0.518841 0.416309 0.419753 0.46601 0.432826 0.66763
S ig n a l 6 0.291019 0.169409 0.170486 0.224215 0.177422 0.488405
S ig n a l 7 0.96466 0.894537 0.892899 0.990018 0.86047 0.987858
S ig n a l 8 0.938364 0.922724 0.921545 0.988411 0.867896 0.989557
S ig n a l 9 0.544324 0.182127 0.18141 0.196841 0.188928 0.279407

S ig n a l 10 0.83293 0.838741 0.844865 0.920647 0.878769 0.910937

The above features are extracted from the signals and are 
given as inputs to the classification system. The above table 
shows the feature values for all 10 signals and time elapsed 
to calculate these features.

IV. Conclusions

The objective of this paper is to calculate the acoustic 
signal features which are used in the vehicular classification 
and it focuses feature extraction of the acoustic signal. 
Feature extraction is the key step for acoustic target 
recognition. Six different features of the acoustic signals 
calculated are Signal Energy, Energy Entropy, Zero-Crossing 
Rate, Spectral Roll-Off, Spectral Centroid and Spectral Flux. 
These features are extracted for all the signals and for each of 
the feature sequences the simple statistic standard deviation 
is calculated. This step leads to the identification of one 
statistic values for each feature sequence. These statistic 
values are the final feature values that characterize the input 
audio signal and it can be used in the classification system.

Acknowledgment

The authors would like to thank the Armament Research 
Board (ARMREB-DRDO) for supporting this Research 
project by funding.

References

[1] Hong-liang Wang, Wang Yang, Wen-dong Zhang, Yu Jun, “Feature 
Extraction of Acoustic Signal Based on Wavelet Analysis”, The IEEE 
International Conference on Embedded Software and Systems 
Symposia (ICESS). Pages 437-440,2008

[2] Z. S. Zhu, “Study on Feature Extraction of Battlefield Sound-target”, 
Journal of Detection & Control, Publisher: publishing company of 
Journal of Detection & Control, Location: Shanxi China, vol.28 no.3, 
pp. 9-11 2006.

[3] Baofeng Guo, Mark. S. Nixon, Thyagaraju Damarla, Acoustic 
Vehicle Classification by Fusing with Semantic Annotation. 12th 
International Conference on Information Fusion Seattle, WA, USA, 
232-239, 2009



[4] Z. Sun, G. Bebis, and R. Milleri. On-road vehicle detection: A review. 
IEEE Transaction on Pattern Analysis and Machine Intelligence, 
28(S):694-711,2006.

[5] M. Duarte and Y. H. Hu. Vehicle classification in distributed sensor 
networks. Journal of Parallel and Distributed Computing, 64:826-838, 
2004.

[6] J. Hsieh, S. Yu, Y. Chen, and W. Hu. Automatic traffic surveillance 
system for vehicle tracking and classification. IEEE Transaction on 
Intelligent Transportation Systems, 7(2): 175-187, 2006.

[7] Rama Chellappaf, Gang QianJ and Qinfen Zheng. Vehicle Detection 
and Tracking Using Acoustic and Video Sensors. IEEE International 
Conference on Acoustics, Speech, and Signal Processing , 2004.

[8] M.A. Sobreira-Seoane, A. Rodr iguez Molares and J.L. Alba Castro. 
Automatic classification of traffic noise. The Journal of the 
Acoustical Society of America, vol. 123, issue 5, page(s) 3823, 2008

[9] Simon Dixon, “Onset Detection Revisited” Proc. of the 9th Int. 
Conference on Digital Audio Effects (DAFx-06), Montreal, Canada, 
page(s) 133-137,2006.

[10] Olivier Lartillot, Petri Toiviainen, A Matlab Toolbox for Musical 
Feature Extraction from Audio, Proc. o f the 10th Int. Conference on 
Digital Audio Effects (DAFx-07), Bordeaux, France, page(s) 1-8, 
2007

BIBLIOGRAPHY
Dr. Padmavathi Ganapathi is the professor and 
head of Department of Computer Science, 
Avinashilingam University for Women, 
Coimbatore. She has 22 years of teaching 
experience and one year Industrial experience. 
Her areas of interest include Network security 
and Cryptography and real time communication. 
She has more than 102 publications at national 
and International level. She is a life member of 
many professional organizations like CSI, ISTE, 
AACE, WSEAS, ISCA, and UWA.

Shanmugapriya. D, received the B.Sc. and M.Sc. 
degrees in Computer Science from 
Avinashilingam University for Women, 
Coimbatore in 1999 and 2001 respectively. And, 
she received the M.Phil degree in Computer 
Science from Manonmaniam Sundaranar 
University, Thirunelveli in 2003 and pursuing 
her PhD at Avinashilingam University for 
Women. She is currently working as a Lecturer 
in Information Technology in the same 
University and has eight years of teaching 
experience. Her research interests are 
Biometries, Network Security and System 
Security.

Kalaivani. M, received the BCA from Kovai 
Kalaimagal College of Arts and Science, 
Coimbatore and MCA from Avinashilingam 
University for Women, Coimbatore in 2003 and 
2006 respectively. She is currently working as a 
Research Staff in the Department of Computer 
Science in the same University. Her research 
interests are Signal Processing, Sensor 
Networks.

ANNEXUREI

Acoustic Signals taken for Study


