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Abstract. The detection of possible car engine failures can be achieved through
the identification on the vibration changes that are produced while the motor is

operating. A person with enough mechanical experience is able to recognize a flaw

in the engine, just by listening to the noise and sensing the vibrations produced. A
car owner can notice a flaw in the motor, when a shift on the movement of the
engine is felt, or if there's an abnormal noise on it. Nevertheless, it is hard to guess

what kind of malfunctions produces certain motors noises and vibrations, making
it hard to work directly on the engine's flaw. In this work, a method is proposed to

classify, and directly detect, some common car engine failures, just by using the
engine's recorded sound. To accomplish this goal, we used Linear Prediction

Cepstral Coeficients (LPCC) as the main acoustic characteristics extractor,

Principal Component Analysis, and a Time Delay Neural Network for the pattern

recognition. We obtained recognition results of up to 95.58% when predicting four
common car failures.

1. Introduction

A failure on any engine can produce mild or violent vibrations that can damage the
motor; if left ignored. These vibrations can cause fissures, waste and/or overheating of

important parts and reduce the machine's performance. Besides, the vibrations are a
good indicator of the mechanical performance and they are also very sensitive to the
malfunction evolution. In general, these types of flaws are preceded by shifts on the

sound conditions, vibration, power loss, etc. These indicators are a sign of some kind of
future failure on the engine's performance. Although, not all the sources of sounds or
vibrations are inevitable, due to the fact that some are natural to the machine's

operation by it self, enhancing with this the importance of identifying which
correspond to a possible malfunction. Most of the sounds that an engine produces are
generated by rotating mechanisms inside the motor; also, the machines that have an

internal combustion system, produce more noise due to the explosions created inside.
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In general, a trained ear can quickly detect the existing differences between the

noises that are called normal, and a series of abnormal noises produced, for example,

by vibrating gears, poundings on the engine, hisses, etc. Ifthis kind of relevant acoustic

information exists, hidden inside the engine's noise, the ex
traction, recognition, and

classification of the acoustic characteristics could be possible, using auto
matic

mechanisms, in order to obtain reliable diagnostics.

The engine noise can be an important clue to the prediction of possible failures,

and can be helpful to preserve a good motor performance.
 The analysis presented in

this work, joint with the monitoring systems that actually exist, can produce more tools

that can help the motor specialists obtain robust diagnostics when rep
airing car

engines. Taking this into account, it is proposed to capture and analyz
e the acoustic

sound produced by these kind of machinery, and use techniques of acoustic

characteristics extraction, and pattern recognition, in order to 
classify the different

types of noises that are produced by engines with good and bad performance. On the

next section we will present a review of prior comparative studies on the field. Section

3 details the fundamental basis in the noise recognition proces
s and describes our

proposed system. Section 4 deals with acoustic processing and the feature extraction

method which uses the Linear Prediction Cepstral Coefficients (LP
CCs) method. A

fundamental theory on pattern classification, Principal Component Analysis, and Time

Delay Feed-Forward Neural Networks, is given in Section 5. The c
omplete system

implementation can be found on Section 6. Our experimental results, that go up to

95.58%, are shown in section 7, and the concluding thoughts are pr
esented in Section

8.

2. State of the Art

Many systems have been proposed on the acoustic pattern recognition field in the past

few years. Depending on the problem that has to be solved, a common point of some

approaches is focused on the detailed spectral analysis of the acoustic signal. In [1]

Mario E. Munich uses Mel Frequency Cepstral Coefficients (MFCC) for the acoustic

analysis, Gaussian Mixture Models (GMM), and Hidden Markov Models, combined

with Bayesian Subspace Methods, applied to the automatic recognition of acoustic

characteristics from vehicles; this is used on military operations, for surveillance

purposes, achieving a precision of 83%. Huadong Wu, Et Al [2], also worked on the

vehicle recognition field. They proposed that each vehicle model has the same kinds of

noises, vibrations, hops, and tire friction. They used a method called eigenfaces, used
most commonly on the face recognition field, to characterize the noise patterns and use

them to recognize the vehicle; this method is also known as the Korhunen-Loeve

expansion or as the Principal Component Analysis (PCA), the results on this work

seem promising. In [3]. Edgar A. Estupiñan, Et Al use an analysis of mechanical

vibrations, as a part of their predictive maintenance, to establish the mechanical health
oftheir machines, preventing with this, future flaws. They propose techniques based on

the Fast Fourier Transform to analyze the noise produced by the vibration of slow

rotatory machinery. Pedro N. Saavedra [3]. [4], presents some techniques applied to the

vibration analysis; he particularly analyzed the use of fissure detection on machinery

















84 Luis A. Méndez and Orion F. Reyes

previously loaded, emits the predicted failure. But, we want to design an independent

user interface that can be used on car shops and predict
 engines failures, only by

feeding directly the motor noise, by microphone, or pre recorded engine noise samples.

Table 5. Comparison between the predicted class and the real class.

Test Class 1 Class 2 Class 3 Class 4 Real Class

1 94.5945 0.0 5.4054 0.0 yes

2 100.0 0.0 0.0 0.0 yes

3 89.1891 0.0 0.0 10.8108 yes

4 0.0 75.6756 21.6216 2.7027 yes

5 5.4054 94.5945 0.0 0.0 yes

6 2.7027 67.5675 8.1081 21.6216 yes

7 0.0 0.0 97.2972 2.7027 yes

8 0.0 5.4054 86.4864 8.1081 yes

9 0.0 0.0 2.7027 97.2972 no

10 0.0 0.0 0.0 100.0 yes

11 0.0 0.0 8.1081 91.8918 yes

12 0.0 0.0 8.0181 91.891892 yes
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