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Abstract. Petrol and diesel engine have a significantly different way to convert 
chemical energy into mechanical energy. In this work, the intelligent system approach is 
used to automatically identify the type of engine based on the sound of the engine. The 
combination of signal processing and machine learning technique for automatic petrol 
and diesel engine sound identification is presented in this work. After a signal 
preprocessing step of the engine sound, a Fast Fourier Transform (FFT)-based 
frequency characteristic modelling technique is applied as the feature extraction 
method. The resulting features extracted from the sound signal, in the form of frequency 
in the FFT matrix, are used as the inputs for the machine learning, the Support Vector 
Machine (SVM), step of the proposed approach. The experiment of FFT with SVM-
based diesel and petrol engine sound identification has been carried out. The results 
show that the proposed approach produces a good accuracy in the relatively short 
training time. Experimental results show the training and testing accuracy of 100 % and 
100 % respectively. They confirm the effectiveness of the proposed intelligent 
automatic diesel and petrol engine sound identification based on Fast Fourier Transform 
(FFT) and Support Vector Machines (SVMs). 
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1 Introduction  
Recently, the growth of industrial revolution 4.0 in the autonomous vehicle sector is 
experiencing rapid growth. The advance autonomous technology involve many aspect in 
the vehicle, such as  autonomous self driving, and full autonomous self driving [1−4] . One 
of the importance aspect in advance autonomous vehicle is  engine mainatance. The engine 
maintainace system plays an important rule in vehicle system, since the engine is the main 
part in the automotive. One of the problem which could happen in the engine maintance is 
misfueling. This problem can effects seriuous problem in the engine [5].   

There are some of the differences characteristic of the diesel and petrol engine. The 
condition of diesel nozzles is bigger than the filler neck on petrol cars. Also, there is a plate 
under the neck to prevent any intrusion but the small petrol nozzle, which was designed to 
prevent drivers from putting leaded (big nozzle too) petrol in the first place. Diesel is 
heavier than the gasoline, and much more "oily". It needs pressure to be ignited and does 
not evaporate as gasoline do. What happens after putting diesel on a tank is, diesel sank and 
injectors feed the engine a load of diesel. Furthermore, putting petrol on a diesel engine, is 
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much more complicated. A diesel car can be filled with petrol rather easily, as the filler 
neck allows all nozzle kinds smaller than the diesel nozzle inside (which is basically every 
nozzle available) [5].  

However, misfueling diesel to petrol engine or petrol to diesel engine is one of the most 
common mistake that is generally fatal to the engine system. Petrol and diesel engine have 
a significantly different  way to convert chemical energy into mechanical energy. Diesel 
engine relies on the high compression ratio of its combustion chamber to ignite a mixture of 
diesel inside the chamber, while petrol engine uses spark plug to ignite a mixture of petrol 
in its much lower compression ratio combustion chamber. The working mechanism of each 
engine system fits to the chemical characteristic of the designated fuel, which will result in 
engine system damage if misfueled. In this work, the intelligent system approach is used to 
automatically identify the type of engine based on the sound of the engine.  

Feature extraction and intelligent system are the most main stages in this work. There 
are many features had been proposed such as Mel-frequency cepstral coefficient (MFCC) 
[6], linear predictive coding (LPC), linear predictive ceptral coefficient (LPCC) [7] and 
formant frequency [8]. Furthermore, in the Intelligent system process, many techniques 
been proposed in the literature such as support vector machine [9], multi-layers neural 
network [10] and fuzzy logic [11].  

The combination of signal processing and machine learning technique for automatic 
petrol and diesel engine sound identification is presented in this work. After a signal 
preprocessing steps of the engine sound, a Fast Fourier Transform (FFT) technique is 
applied as the feature extraction method. The resulting features extracted from the sound 
signal, in the form of significant frequency in the FFT matrix, are used as the inputs for the 
machine learning, the Support Vector Machine (SVM), step of the proposed approach.  

2 Literature review  

This section presents, the basic general process consist of two important parts, namely 
feature extraction and Intelligent system. Sound is recorded using a microphone. The next 
process of the recorded sound will be extracted by feature extraction. In this process, the 
extracted data is the use as input to the intelligent system part. Finally, the sound engine 
recognition to make the training process for recognizing the type of fuel of the automobile.  

2.1 Fast fourier transform 

Fast Fourier Transform used as feature extraction method for sound processing. The Fast 
Fourier Transform of f(x) is the function of F(ω) is explained as equation below [15]: 

    dxxiexfF 



              (1) 

Where 1i and  sincos ie  
  

The absolute value resulting by FFT algorithm is obtained the frequency of the FFT. 
The step begins with frequency determination from the fast fourier transform (FFT) 
algorithm. The absolute value is determined. The logarithmic plot of FFT, referred to 
spectrum, is obtained. If the log amplitude spectrum contains many regularly spaced 
harmonics, then the FFT spectral will show peaks corresponding to the spacing between the 
harmonics as show in Figure 1.   
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Fig. 1. The frequencies of the signal 

The significant frequencies as shown in Figure 1, are obtained as the characteristic 
frequency of the sounds. The most significant frequency is used to find the best model 
coefficient for the sampled engine sound signal.  

2.2 Support vector machine (SVM) 

The SVM mapping non linear data into high dimentional feature space in linear form.   Fig. 
2 shows linearly-separable data with no possibility of miss-classification data. 

 
Fig. 2.  SVM with Linear separable data.  

In the linear separable case, there exists a separating hyperplane, as shown in Equation 2 
whose function is; 

RbRwbxw N  ,0                                                        (2)  

3

E3S Web of Conferences 130, 01011 (2019) https://doi.org/10.1051/e3sconf/201913001011
IC-AMME 2018



 

 

For optimized linear division a hyperplane is constructed to separate the two classes as 
shon in Equation 3 [13] which implies:  

Nibxwyi ,...,1,1)0(                                                      (3)   

By minimizing ||w|| subject to this constrain, the SVM approach tries to find a unique 
separating hyperplane. Here ||w|| is the Euclidean norm of w, and the distance between the 
hyperplane and the nearest data points of each class is 1/||w||. Using  Lagrange multiplier i, 
the SVM training procedure amounts to solving a convex quadratic problem (QP). The 
solution is a unique globally optimization result, which has following properties as shown 
in Equation 4: 

ii

N

i
i xyw                                                                     (4) 

provided i is not equal to zero, xi is called the support vectors. When SVM is trained, a 
decision can be obtained by comparing each new example x with only the support vector 
{xi}, i Є  SV, as shown in Equation 5: 

    SVi
T

iii bxxysigny                                                  (5) 

3 Proposed SVM-based engine sound Identification system  
  As shown in Figure 3, the fuel classification system consists of three main functions:                  

(i) pre-processing; (ii) Feature Extraction; (iii) intelligent system. Pre-processing consists of 
pre-emphasis and windowing. The preprocessing signal is the extracted based on FFT 
technique. The extracted feature is then identify used SVM-based intelligent system. 

Engine sound signal

Speaker identification

FFT - Feature Extraction

SVM-based Multi-class 
classification

Pre-processing

 
Fig. 3.  Overall proposed speaker identification model. 
 

4

E3S Web of Conferences 130, 01011 (2019) https://doi.org/10.1051/e3sconf/201913001011
IC-AMME 2018



 

 

For optimized linear division a hyperplane is constructed to separate the two classes as 
shon in Equation 3 [13] which implies:  

Nibxwyi ,...,1,1)0(                                                      (3)   

By minimizing ||w|| subject to this constrain, the SVM approach tries to find a unique 
separating hyperplane. Here ||w|| is the Euclidean norm of w, and the distance between the 
hyperplane and the nearest data points of each class is 1/||w||. Using  Lagrange multiplier i, 
the SVM training procedure amounts to solving a convex quadratic problem (QP). The 
solution is a unique globally optimization result, which has following properties as shown 
in Equation 4: 

ii

N

i
i xyw                                                                     (4) 

provided i is not equal to zero, xi is called the support vectors. When SVM is trained, a 
decision can be obtained by comparing each new example x with only the support vector 
{xi}, i Є  SV, as shown in Equation 5: 

    SVi
T

iii bxxysigny                                                  (5) 

3 Proposed SVM-based engine sound Identification system  
  As shown in Figure 3, the fuel classification system consists of three main functions:                  

(i) pre-processing; (ii) Feature Extraction; (iii) intelligent system. Pre-processing consists of 
pre-emphasis and windowing. The preprocessing signal is the extracted based on FFT 
technique. The extracted feature is then identify used SVM-based intelligent system. 

Engine sound signal

Speaker identification

FFT - Feature Extraction

SVM-based Multi-class 
classification

Pre-processing

 
Fig. 3.  Overall proposed speaker identification model. 
 

 

 

4 Experimental work 
This section presents the performance of the proposed to Automatic petrol and diesel 
engine sound identification based on parametric modeling technique and machine learning 
approach. This section consists of three important subsections, they are experimental setup, 
experimental result and experimental analysis.  

4.1 Experimental Design 

Figure 4 shown the experimental design of speaker identification system. The sound of the 
engine is recorded using a microphone. The recorded sound of the engine then sent to the 
PC thought 16 bits A/D with sampling frequency 44 KHz, all the signal is converted in the 
PC with processor 1.5Mhz Pentium as shown in the Table 2. The sound of the engine signal 
is recorded using a microphone and then the recorded signal is sent to the computer through 
an analog to digital (A/D) card.  

 

 
Fig. 4.  Automatic petrol and diesel engine sound identification. 
 

The system identifies six different automotive engine sound from six different cars with 
two types of patrol and diesel, respectively. 

Table 2. Specification of the system 

Processor 1.5MHz, Intel  
A/D 16 bits A/D 
Frequency sampling 22KHz 

4.2 Experiment result  

In order to evaluate the effectiveness of the proposed intelligent system on automatic petrol 
and diesel identification system, the proposed system is installed. In this proposes system 
the specification microphones. The sound is recorded and captured.  The raw recorded 
petrol signal and diesel as shown in Figure 5 a and  Figure 5 b, respectively. 

 
(a) Petrol Signal 

A/D 
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(b) Diesel Signal 

Fig. 5. Raw petrol and diesel signal. 

Once the raw signal is recorded, then the FFT method is applied to the raw signal, as 
shown in Figure 6. The FFT result of the FFT on Petrol and Diesel signal. Four significant 
frequencies of each signal are then obtained as the characteristics of petrol and diesel, 
respectively.  

From 16 samples peak amplitude from four different vehicles of each type, petrol and 
diesel, respectively are obtained. Four different samples of each vehicle of different fuel 
types are used to train the system. Furthermore, the other four different samples of each of 
the vehicles samples are applied to test the system. In this experiment The SVMs based 
method is applied to perform the classification process of the training phases. A Polynomial 
kernel function is used. The training classification rate for these two feature based resulting 
100 % correct and the testing classification rate lies on 100 % for formant frequency with 
radial basis function kernel, as shown in Table. This result shows that binary -class 
classification performs good result. 

 
(a) FFT result of the Petrol Signal 

6

E3S Web of Conferences 130, 01011 (2019) https://doi.org/10.1051/e3sconf/201913001011
IC-AMME 2018



 

 

 
(b) Diesel Signal 

Fig. 5. Raw petrol and diesel signal. 

Once the raw signal is recorded, then the FFT method is applied to the raw signal, as 
shown in Figure 6. The FFT result of the FFT on Petrol and Diesel signal. Four significant 
frequencies of each signal are then obtained as the characteristics of petrol and diesel, 
respectively.  

From 16 samples peak amplitude from four different vehicles of each type, petrol and 
diesel, respectively are obtained. Four different samples of each vehicle of different fuel 
types are used to train the system. Furthermore, the other four different samples of each of 
the vehicles samples are applied to test the system. In this experiment The SVMs based 
method is applied to perform the classification process of the training phases. A Polynomial 
kernel function is used. The training classification rate for these two feature based resulting 
100 % correct and the testing classification rate lies on 100 % for formant frequency with 
radial basis function kernel, as shown in Table. This result shows that binary -class 
classification performs good result. 

 
(a) FFT result of the Petrol Signal 

 

 

 
(b) FFT result of the Diesel Signal 

Fig. 6. FFT result of the Petrol and Diesel Signal. 

Table 3. experimental result of training and testing phase 

Type Classification Training (Classification rate %) Testing (Classification rate %) 
Diesel  100 100 
Petrol  100 100 

4.3 Experiment analysis 

The distance between engine and microphone, noise environments and the stability of the 
sounds of the engine are affected to the recording quality. These factors impact the FFT 
algorithm. Table 3 discusses the accuracy between different types of petrol and diesel 
engine based on the sound of the engine. FFT algorithm feature extraction has applied as 
the feature extraction method. The result shows that the system has good accuracy, since it 
has 100 % accuracy for both training and testing phases, respectively.  

5. Conclusion  
Misfueling diesel to petrol engine or petrol to diesel engine can cause fatal error in the 
engine system. These engines have different characteristics, the diesel engine has high 
compression ratio of its combustion chamber to ignite a mixture of diesel inside the 
chamber, while petrol engine uses spark plug to ignite a mixture of petrol in its much lower 
compression ratio combustion chamber. The working mechanism of each engine system fits 
to the chemical characteristic of the designated fuel, which will result in engine system 
damage if mis fuel. In this work, the intelligent system approach is used to automatically 
identify the type of engine based on the sound of the engine.  

Support Vector Machines-based engine sounds identification has been proposed and 
discuss in this paper. The significant FFT frequencies used as features. The result shows 
that FFT frequencies have successfully performed as good features. The accuracy of the 
SVMs based engine sound identification using FFT frequencies is 100 %. Furthermore, the 
choice of the kernel function also affect on the performance of classification. The 
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polynomial kernel function is the best kernel function implements in this system, since 
introducing a no misclassification classes. 
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