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The main work of this thesis is to firstly study the string 
vibration of Lute, analyze its error hull formula according to 
the principle of lute string vibration, and study the influence 
of different plucking positions on the fundamental frequency 
and harmonic frequency of Lute，and to discuss the 
relationship of the fundamental  error of the lute musical 
instrument and the influence of different plucking states on 
the occurrence frequency ; secondly, calculate the vibration 
equation of Lute strings to get .We have recorded a large 
number of Lute signals and analyzed them in professional 
numerical signal analysis software, using a series of signal 
processing methods and MATLAB programs edited by 
ourselves to analyze lute audio signals. From these analyses 
and calculations, the objective physical parameters related 
to the sound quality of the pipa are found to establish a 
comprehensive discrimination system for the quality of the 
lute.

Abstract
Lute audio signal processing analysis
1.Comparison between theoretical calculation and actual 
measurement of lute pitch frequency
During the research process of this project, we compared 
the audio signal of the first string and the fourth fret 
recorded in one of them with the theoretical value. 
2.Analysis of Time Domain Characteristics of Lute Audio 
Signals

It can be clearly seen that there is a relatively regular auto 
correlation within the effective range of the Lute signal, and 
it gradually decreases with the increase of the duration, 
showing a good consistency.
3.Frequency Domain Analysis of Lute Audio Signals
Use Fourier transform to transform the time domain signal 
into the frequency domain,we mainly take the 
representative spectrum and cepstrum for analysis. It can be 
seen that most of the frequency components are lost in the 
range of 13-17kHz, and the signal frequency are not full.
4.Additional Analysis of Lute Audio Signals
Other analysis methods of lute audio signal include cepstrum 
analysis, MFCC curve, spectral centroid, etc. 

Introduction

Ideal Vibration Physical Model of Lute Strings

Calculation of Mathematical Expression of Lateral Vibration of Lute Strings

                            

Methods and Materials

The main work of this thesis is to study the physicochemical 
of the string vibration of the musical instrument, to discuss 
the relationship of the fundamental  error of the lute musical 
instrument and the influence of different plucking states on 
the occurrence frequency, and to compare and analyze the 
numerical value calculated by the Lute string vibration 
equation with the measured one, to verify the correctness of 
the theoretical calculation. In order to analyze the acoustic 
quality of Lute, we use the MATLAB program edited by 
ourselves to analyze the audio signal of Lute. To a certain 
extent, we can quantify the amount of information of these 
acoustic features. This paper lays the foundation for the 
subsequent theoretical research and technological 
production improvement of Lute.

Conclusions

In the composition of the lute pronunciation system, the 
vibration of the strings, which is the source of the Lute's 
sound, plays an immeasurable role in the Lute's 
pronunciation and is one of the links that cannot be ignored. 
The way the strings vibrate is something we try to change 
and the only thing we can change if we want to get a good 
tone. String vibration is an extremely complex process. The 
vibration of the strings is composed of a variety of vibration 
forms , roughly including[6]
(1)Lateral vibration: Periodic swinging motion made in the 
direction perpendicular to itself. Lateral vibration is the most 
basic and most important vibration mode of strings.
(2)Longitudinal vibration: The periodic stretching motion in 
its own direction is the sound produced by longitudinal 
vibration.
(3)Torsional motion: The periodic torsional motion of the 
string around its own axis.

Results

Figure 1  Vibration curve of lute strings

Figure3 Vibration curve of lute strings

Figure 3 The time-domain waveform diagram of the original audio 
signal of the first string and four 

Figure 4 Short-term autocorrelation diagram of Lute audio signal

 
Figure5  Short-term spectrogram of Lute audio signal


