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Abstract:  Many systems that provide automatic evaluation and feedback of electric guitar have been 

developed. However, they have a serious weakness, only “timing” and “pitch” are considered in 

evaluation. In fact, a wide range of factors are involved in the human evaluation. In order to solve this 

problem, previous studies proposed automatic evaluation methods. On the other hand, these are not 

possible to evaluate the sound using the special technique of electric guitar. In this study, we proposed a 

method for automatic proficiency estimation of vibrato in electric guitar. As the method, we extracted 

the acoustic features focusing on peaks of Mel fundamental frequency, number of peaks, width average, 

width variance, height average and height variance. We regressed the evaluation values using extracted 

acoustic features with a relevance vector machine; RVM. As the result, we were able to perform 

regression with a coefficient of determination 0.723. This result indicates extracted features are highly 

relevant to evaluation values by human and allows a tentative evaluation of the vibrato sound of the 

electric guitar. 
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I. INTRODUCTION 

 

lectric guitars are major stringed instruments that it 

is indispensable in a wide range of genres such as 

rock, metal, reggae, and jazz. The majority of people 

learning an electric guitar start by self-education. 

Therefore, many systems have been developed to 

support electric guitar practice by providing automatic 

evaluation and feedback. However, the previous practice 

support systems have a serious weakness, only “timing” 

and “pitch” are considered in evaluation. In fact, a wide 

range of factors such as “tone” and “quality of 

expression” are involved in the evaluation of electric 

guitar performance [1]. Therefore, practicing with a 

practice support system, it is not possible to fully 

evaluate the performance. It is difficult for beginners in 

particular to judge if they are really playing well or not. 

In addition, if they continue to practice without getting 

proper feedback, they may acquire wrong movements. 

In recent years, automatic evaluation methods 

focusing on the various acoustic features was proposed 

[2][3]. On the other hand, proficiency evaluation method 

of chord performance on the guitar to support practice 

using fuzzy analytic hierarchy process was proposed [4]. 

Moreover, a method to estimating the sound of each note 

in chord playing by Fourier transform and peak matching 

was proposed, and at the same time, an interactive 

electric guitar learning system was proposed [5]. 

However, these are not possible to evaluate the sound in 

the special technique of guitar.  

In this study, we propose the proficiency estimation 

method in vibrato, which is a special technique 

frequently used in electric guitar phrases. Specifically, 

acoustic features with highly relevant to skill evaluation 

by person were extracted from the performance sound, 

and to investigate the relationship between the extracted 

acoustic features and the evaluation values of the 

performance sound by electric guitar players, using 
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relevance vector machine; RVM was constructed and its 

performance was evaluated. In this following chapters, 

we explain acoustic features which are relevant to 

proficiency evaluation by human and regression results. 

 

II.   COLLECTION OF DATA SET 

 

We collected a data set for the RVM regression. This 

data set consisted of sound data and evaluation values. 

 

A. Vibrato Sound Data 

We collected the performance sounds used in this 

study. We asked electric guitar players (N=9) to play 

phrases using the vibrato technique. There were electric 

guitar players ranged from beginners to experts. We 

recorded once after a 10 minutes practice period, and 

then again after a 10 minutes practice period, for a total 

of 2 recordings. We collected 522 notes. 

 

B. Evaluation Values 

We asked guitar experts (N=3) with more than five 

years of experience to evaluate the proficiency of the 

collected performance sounds. A 5-point Likert scale 

(Table.1) was used for the evaluation values.  

 

Table.1 5-point Likert scale used for the evaluation 

values 

evaluation value item 

1 Not good at all 

2 Bad performance 

3 Normal performance 

4 Good performance 

5 Perfect performance 

 

The evaluator listened to the performance and gave a 

rating value for each note. As a result, Krippendorff's 

alpha coefficient [6] was 0.869. The coefficient close to 

1.000 indicates a high degree of agreement, and the 

coefficient above 0.800 ensures the reliability of the data 

set. Therefore, the reliability of the proficiency 

evaluation values collected in this study is sufficiently 

high. 

 

III. ACOUSTIC FEATURES EXTRACTION 

 

The acoustic features that are considered to be highly 

relevant to human evaluation were extracted from the 

time variation of pitch. In this chapter, we explain the 

method for calculating the pitch and the method for 

extracting the acoustic features. 

 

A. Pitch Calculation 

Mel fundamental frequency was calculated as the 

pitch. Fig.1 shows the calculation procedure of the pitch. 

 

 
Fig. 1 Extraction procedure for the defined 5 acoustic 

features 

 

First, harmonic sound extraction was performed by 

the method using median filtering [7]. This process was 

performed for noise processing. 

Second, fundamental frequency was calculated. 

SWIPE’ [8] was used as fundamental frequency 

estimation method. 

Third, fundamental frequency was transformed to 

Mel fundamental frequency using the Mel scale. The 

Mel scale is a logarithmic scale that maps frequencies to 

human auditory characteristics. For proper automatic 

evaluation, it is necessary to match the extracted features 

to the scale of human senses. Transformation formula of 

the Mel scale is (1): 

    

 
(1) 

 

𝑀𝑒𝑙 and 𝑓0  are Mel fundamental frequency, and 

fundamental frequency calculated on previous step, 

respectively. 
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Finally, 5-point moving average was conducted to 

smooth the waveform. Fig.2 shows an example of 

smoothed Mel fundamental frequency calculation result. 

 

 
Fig. 2 An example of smoothed Mel fundamental 

frequency calculation result 

 

The smoothed Mel fundamental frequency was used as 

pitch and used in the feature extraction. 

 

B. Acoustic Feature Extraction 

Acoustic features ware extracted from pitch, 

smoothed Mel fundamental frequency (Fig.2). 5 features 

extracted and their significances are shown in Table.2. 

 

Table.2 Acoustic features extracted from pitch and 

their significances 

feature name significance 

number of peaks number of peaks of pitch 

width average 
average of pitch fluctuation 

width in time direction 

width variance 
variance of pitch fluctuation 

width in time direction 

height average 
average of pitch fluctuation 

height in Mel frequency direction 

height variance 
variance of pitch fluctuation 

height in Mel frequency direction 

 

Details of these features were explained in this section. 

First, the number of peaks was calculated by peak 

detection. The peaks ware detected by calculating the 

maximum and minimum values and using the constraint. 

The constraint is that no peak point will be detected 

within a set constraint value from the detected peak point. 

Then, the constraint value was set to 1.0. An example of 

peak detection result is shown in Fig.3. 

 

 
Fig.3 An example of peak detection result 

 

The number of peaks is defined as the number of peak 

points in Fig.3. 

Second, width average and width variance were 

calculated using pitch fluctuation width in time direction. 

Each width between peaks ware calculated as pitch 

fluctuation width. Then, i-th width is 𝑤𝑖(Fig.4). 

 

 
Fig.4 An example of pitch fluctuation width in time 

direction calculation result 

 

The width average and width variance were calculated 

using the following (2) and (3), respectively. 

 

 

(2) 

 

 

(3) 

 

𝑤𝑎𝑣𝑒 , 𝑤𝑣𝑎𝑟  and 𝑛𝑝𝑒𝑎𝑘𝑠  mean width average, width 

variance and number of peaks respectively. 
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Finally, height average and height variance were 

calculated using pitch fluctuation height in Mel 

frequency direction. Differences in height of 

neighboring peak points were calculated as pitch 

fluctuation height. Then, i-th height is ℎ𝑖(Fig.5). 

 

 
Fig.5 An example of pitch fluctuation height in Mel 

frequency width calculation result 

 

The height average and height variance were calculated 

using the following (4) and (5), respectively. 

 

 

(4) 

 

 

(5) 

 

ℎ𝑎𝑣𝑒  and ℎ𝑣𝑎𝑟 mean height average and height variance 

respectively. 

These 5 features were used for vibrato proficiency 

estimation. 

 

IV. REGRESSION RESULT 

 

To investigate the accuracy of vibrato proficiency 

estimation using defined acoustic features and the 

relation ship between the defined acoustic features and 

the evaluation values of the performance sound by 

electric guitar players, a regression model was 

constructed and its performance was evaluated. 

Regression was performed using RVM regression model 

with the acoustic features extracted from the 

performance sound as explanatory variables and the 

evaluation values as objective variables. The 10-fold 

cross validation was used as the validation method. RBF 

kernel was used as kernel function. The result of the 10-

fold cross validation with RVM are shown in Table.3. 

 

Table.3 The results of the regression with RVM 

 MSE MAE 𝑅2 

Train data 0.569 0.560 0.732 

Test data 0.549 0.554 0.723 

 

MSE and MAE represent mean square error and mean 

absolute error respectively. The MSE on the test data is 

less than 1.000 and the 𝑅2 =0.723, indicating that 

proficiency estimation was performed with high 

accuracy. 

 

V. DISCUSSION 

 

We used 5 features from the peak of the Mel 

fundamental frequency to perform the regression. The 

experiment results indicate that defined features are 

highly relevant to the evaluation value. The number of 

peaks is the number of pitch fluctuations, the width 

average and height average are the size of the pitch 

fluctuation range, and the width variance and height 

variance are the instability of the pitch fluctuation. These 

factors were found to play a major role in the evaluation 

of vibrato sound in electric guitar. 

In addition, it is insufficient to consider the 

estimation accuracy only by MSE, MAE and 𝑅2 . It is 

necessary to evaluate the regression model using the 

distribution of the estimation error and other original 

metrics. 

Finally, the amount of the data set was insufficient 

for this experiment. If we can increase the amount of the 

data set, we can expect to improve the accuracy of the 

proficiency estimation further. 

 

VI. CONCLUSION 

 

In this study, acoustic features related to peaks of Mel 

fundamental frequency were extracted from the 

performance sound of vibrato in electric guitar, and 

regression analysis was performed using RVM 

regression model for proficiency estimation of vibrato 

sound. As the results, high accuracy was obtained when 

number of peaks, width average, width variance, height 

average and height variance were used. This result 

allows a tentative evaluation of the vibrato sound of the 

electric guitar. If we can increase the amount of the data 

set, we can expect to improve the accuracy of the 

proficiency estimation further. 

In the future work, we evaluate the accuracy of the 

proficiency estimation by using the distribution of the 

estimation error and our own metrics. 
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