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Abstract: Problem statement: The ukulele is a trendy instrument in the present day. It is a member of 
the guitar family of instruments which employs four nylon or gut strings or four courses of strings. 
However, a statistical analysis of the pitch of this instrument has not been conducted. To analysis pitch or 
fundamental frequency of its main cords should be performed in an appropriate way. This study brings 
about its effective sound synthesis which is an important issue in the future. Approach: An efficient 
technique for the analysis of the fundamental frequency (F0) of the human speech had been applied to the 
analysis of main cords of the ukulele. The autocorrelation-based technique was used with the signal 
waveform to extract the optimal period or pitch for the corresponding analyzed frame in time domain. Then 
the corresponding fundamental frequency was calculated in the frequency domain. Results: The 21 main 
cords were chosen in the study. It had been seen that the existing fundamental frequency values were varied 
from one to three values. The value was ranging from 65.42 Hz-329.93 Hz. Conclusion: By using the 
analysis technique of fundamental frequency of the human speech, the output frequencies of all main cords 
can be extracted. It can be empirically seen that they have their unique values from each others. 
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INTRODUCTION 
 
 The ukulele, a member of the guitar family of 
instruments is presently popular in the teenager society. 
It employs four nylon or gut strings or four courses of 
strings. Its tone and volume varies with its size and 
construction. Ukuleles come basically in four sizes: 
soprano, concert, tenor and baritone. The soprano is the 
standard size and is selected in this study.  
 F0 estimation for the human speech, also referred 
to as pitch detection, has been a popular research topic 
for several years and is still being investigated presently 
(Seresangtakul and Takara, 2003). The basic problem is 
to extract the F0 from a human speech signal, which is 
usually the lowest frequency component. In a periodic 
waveform, most partials are harmonically related, 
meaning that the frequency of most of the partials are 
related to the frequency of the lowest partial by a small 
whole number ratio. The frequency of this lowest 
partial is F0 of the waveform. An example of F0 
contour is presented in logarithmic scale in Fig. 1 
(Ravichandran and Samy, 2006; Chomphan and 
Kobayashi, 2008; 2009; Chomphan, 2010a; 2010b). 
 By applying the autocorrelation-based approach, 
the F0 can be extracted from the signal waveform in the 
periodical interval (Chomphan and Kobayashi, 2008; 
2009). This approach is applied to the analysis of pitch 
of the ukulele with the same procedure.    

 
 
Fig. 1: An example of F0 contours with a trend line in 

a logarithmic scale 
 
 The twenty-one main cords of A, A7, Am, B, B7, 
Bm, C, C7, Cm, D, D7, Dm, E, E7, Em, F, F7, Fm, G, 
G7 and Gm, are chosen to be analyzed. The F0 values 
of all cords are calculated by using the autocorrelation-
based approach. Their existing fundamental frequency 
values are compared among all selected cords.  
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MATERIALS AND METHODS 
 
Experimental design: Figure 2 shows the procedure of 
the experiment. The first step is to construct the sound 
database of twenty-one cords including A, A7, Am, B, 
B7, Bm, C, C7, Cm, D, D7, Dm, E, E7, Em, F, F7, Fm, 
G, G7 and Gm. Each cord contains 50 sound samples. 
The second step is the autocorrelation-based F0 
extraction. Thereafter the F0 trajectory of each sample 
is analyzed in the last step. The F0 values are grouped 
into several levels. All sound samples are subsequently 
averaged. Therefore the F0 values are summarized for 
each cord. 
 

RESULTS 
 
 As for the ukulele sound material, the database of 
twenty-one cords including A, A7, Am, B, B7, Bm, C, 
C7, Cm, D, D7, Dm, E, E7, Em, F, F7, Fm, G, G7 and 
Gm is constructed. Each main cord contains 50 sound 
samples. By using the experimental procedure, the 
examples of the F0 contours of all cords are depicted in 
Fig. 3-23.  
 The averaged existing F0 values of each cord are 
presented in Table 1 (Mixdorff and Fujisaki, 1997; 
Fujisaki and Sudo, 1971; Chomphan and Kobayashi, 
2007; Chompun et al., 2000). The differences of the F0 
values can be seen from this table.    
 

 
 
Fig. 2: The flow chart indicating the procedures in the 

experiment         

 
 

Fig. 3: An example of the F0 contour of cord A 
 

 
 

Fig. 4: An example of the F0 contour of cord A7 
 

 
 

Fig. 5: An example of the F0 contour of cord Am 
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Fig. 6: An example of the F0 contour of cord B 
 

 
 

Fig. 7: An example of the F0 contour of cord B7 
 

 
 

Fig. 8: An example of the F0 contour of cord Bm 
 

 
 

Fig. 9: An example of the F0 contour of cord C 
 

 
 

Fig. 10: An example of the F0 contour of cord C7 
 

 
 

Fig. 11: An example of the F0 contour of cord Cm 
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Fig. 12: An example of the F0 contour of cord D 
 

 
 

Fig. 13: An example of the F0 contour of cord D7 
 

 
 

Fig. 14: An example of the F0 contour of cord Dm 
 

 
 

Fig. 15: An example of the F0 contour of cord E 
 

 
 

Fig. 16: An example of the F0 contour of cord E7 
 

 
 

Fig. 17: An example of the F0 contour of cord Em 
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Fig. 18: An example of the F0 contour of cord F 
 

 
 

Fig. 19: An example of the F0 contour of cord F7 
 

 
 

Fig. 20: An example of the F0 contour of cord Fm 
 

 
 

Fig. 21: An example of the F0 contour of cord G 
 

 
 

Fig. 22: An example of the F0 contour of cord G7 
 

 
 

Fig. 23: An example of the F0 contour of cord Gm 
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Table 1: Averaged existing F0 values of all main cords of ukulele  
 Averaged F0 (Hz) 
 -------------------------------------------------------------------- 
Cord 1st value 2nd value 3rd value 
A 165.66 329.93   
A7 92.48 132.78 194.40 
Am 108.87 328.10   
B 75.31 161.13   
B7 88.58 163.30 294.66 
Bm 91.82 123.60   
C 130.82     
C7 85.76 130.41 65.42 
Cm 152.66 314.35   
D 287.56     
D7 112.42 285.46   
Dm 90.87 147.99   
E 92.68 164.10 246.18 
E7 91.17     
Em 66.93     
F 88.24 227.65    
F7 146.45 311.11   
Fm 87.73 240.55   
G 97.54 260.49   
G7 96.98 294.72   
Gm 99.61 295.46   
 

DISCUSSION 
 
 From the experimental results of Table 1, it can be 
seen that the cords with 3 values of F0 are cord A7, B7, 
C7 and E. Moreover, the cords with a value of F0 are 
cord C, D, E7 and Em, meanwhile the other cords 
contain a couple of values of F0. It can also be noticed 
that there is no cord that contains more than three 
values of F0. On the other hand, each cord contains at 
least a value of F0. It should be noted that most of the 
consecutive values of F0 are ranged from the minimal 
value to the maximal value.    
 

CONCLUSION 
 
 This study presents an analysis of pitch of ukulele 
which is a popular member of the guitar family of 
instruments in the present day. A group of pitches or the 
corresponding values of F0 are analyzed for all main 
twenty one cords. It can be concluded that there is no 
cord that contains more than three values of F0 and 
each cord contains at least a value of F0. Moreover, 
most of the consecutive values of F0 are ranged from 
the minimal value to the maximal value.  
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