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ABSTRACT 
 

Fundamental frequency is a critical component in speech 

signal processing analysis. The fundamental frequency (fo) 

is the rate at which the vocal cords vibrate, and the 

fundamental frequency range for a person is 120 to 400 Hz. 

This basic frequency varies depending on the size and form 

of the vocal cords, and it might differ for males, females, and 

children. Different time domain and frequency domain pitch 

detection techniques are utilised. The time domain methods 

include autocorrelation and AMDF (Average Magnitude 

Difference Function), whereas the frequency domain 

algorithm is Cepstrum. The fundamental frequency may be 

determined by pitch preprocessing and extraction. 
    
Keywords— Autocorrelation function, Speech Recognition 

System, Center-clipping Pitch. 

1. INTRODUCTION 
Signals that are audible to humans are referred to as audio signals. 

Audio signals are generated by a sound source that vibrates at 

audible frequencies. The vibrations cause pressure waves to 

develop in the air, which travel at a speed of roughly 340 metres 

per second. These pressure signals are received by our inner ears, 

which then convey them to our brain for further analysis. Pitch, 

also known as fundamental frequency, is a key characteristic of 

audio transmissions. It represents the vibration frequency of the 

sound source. In other words, pitch is the reciprocal of the 

fundamental period, which is the fundamental frequency of 

audio signals. The time domain and the frequency domain are 

used to estimate pitch or fundamental frequency.In time domain 

Autocorrelation method and AMDF(Average Magnitude 

Difference Function) method can used whereas in frequency 

domain Cepstrum method is used. The human voice production 

system involves following steps as open and close of vocal cords 

which is also called as glottis which create a vibration in the air 

flow, a resonance is provided by Oral cavity, pharyngeal cavity, 

and nose cavity; there is a approach of a voiced signal or 

unvoiced signal .Due to the glottis pressure and the pushed 

air.The vocal chords get air from the lungs, open and close 

rapidly and further modulated by the resonances of pharyngeal, 

oral and nasal cavities. Pitch is determined by the vibration 

frequency by the vocal cords. The fundamental frequency is 

different for male, female and children category.  

2. BACKGROUND 
A. Autocorrelation Method and AMDF 

The auto-correlation function (ACF) for pitch tracking is very 

basic method. This method is a time domain method which is 

used to determine the similarity between a frame and a shifted 

or delayed version of the frame. 

1
(m) lim (n) x(n m)

2 1

N

N
n N

Rx x
N→

=−

= +
+
  

 

Where N is the frame length, n is the time index in a frame, m is 

the shift in the signal, x (n) is the sampled signal.Here process is 

to shift the delayed version m times and compute the inner 

product of the overlapped parts to obtain n values of ACF. 

 

MADF is very close to ACF except that it estimates the distance 

instead of similarity between a frames and its delayed version 

using following formula 
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Where The samples of input voice are x (n), while the samples 

time shifted by m seconds are x (n-m)..  
 

B. Cepstrum 

The Cepstral method gives analyzer which is designed primarily 

for use in speech analysis. The logarithm of each successive 

amplitude spectrum so produced can be fed into a second 

spectrum analyzer of the same type. The cepstrum, or power 

spectrum, of the logarithm spectrum is then produced by this 

analyzer. A speech example with X referring to the spectrum of 

the speech signal, F to be the excitation components for instance, 

the glottal pulse train and V to the vocal tract shaping of the 

excitation spectrum. 
 

C. Feature Extraction 

Frame blocking is the process of converting a stream of audio 

signals into a sequence of frames. The signal s(n) is multiplied 

by a fixed length analysis window w(n) to extract a particular 

segment at a time. This is called windowing. Speech signal 

includes very rich harmonic components. The fo varies in the 

range about 80 Hz to 500 Hz as per the age and gender of person. 

Pitch detection is ineffective over 500 Hz. Pitch detection is 
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implemented using a low pass filter with a pass band of up to 

900 Hz. One specific shape nonlinear processing is commonly 

employed centre-clipping of speech to decrease the influence of 

formant structure. Energy is a characteristic that may be utilised 

to distinguish between voiced and unvoiced communication. It 

takes into account the limited time energy. Short time means the 

energy of analysis period.
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Table 1. PDAs with formulae 

Sr. No PDA’s Formulae 

1 Autocorrelation 
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3. IMPLEMENTATIONS 
The approach requires that the speech signal be low-passed 

filtered to 900 Hz, according to the discussion above. For 

processing, the filtered signal is digitised at a sampling rate of 

10-kHz and divided into overlapping 30-ms (300 samples) 

portions. Because all pitch detectors compute the pitch period 

100 times per second, or every 10 milliseconds, neighbouring 

portions overlap by 20 milliseconds or 200 samples. The 

determination of a clipping threshold CL for the 30-ms portion 

of speech is the second stage of processing. The clipping 

threshold in the beginning and last 10-ms parts of the section is 

set to 68 percent of the smaller of the peak absolute sample 

values. Following the clipping level determination, the 30-ms 

segment of speech is centre clipped, followed by infinite peak 

clipping. Then the energy of the signal is calculated. After 

computing the ACF/AMDF according to peak values the 

fundamental frequency is estimated.  

 
Fig 1.  ACF/AMDF technique for fundamental frequency 

estimate (fo) on the blockchain 
 

4. RESULTS 
 

Table 2. Comparison table of three pitch detection 

algorithm for adult male samples 

Subject/Age Autocorrelation AMDF Cepstrum 

M1/42 162.12 162.11 205.29 

M2/38 152.98 152.65 166.19 

M3/30 166.57 172.40 198.45 

M4/48 171.61 173.58 203.73 

M5/35 164.29 167.04 183.83 

M6/28 195.54 199.68 255.88 

 
Fig 2. Comparison chart of three pitch detection algorithm 

for adult male samples 

 
Table 3. Comparison table of three pitch detection 

algorithm for adult female samples 

Subject/Age  Autocorrelation AMDF Cepstrum 

F1/38  232.92 233.15 260.82 

F2/34  250.96 250.34 255.78 

F3/30  280.40 280.92 279.88 

F4/38  234.50 235.11 240.67 

F5/40  241.7 241.46 258.14 

F6/38  244.67 244.54 274.32 

 

 
Fig 3. Comparison chart of three pitch detection algorithm 

for adult female samples 

 

Table 4. Comparison table of three pitch detection 

algorithm for children’s samples 

Subject/Age Autocorrelation AMDF Cepstrum 

c1/13 300.61 300.94 306.33 

c2/11 302.42 302.80 339.49 

c3/13 314.96 314.32 324.42 

c4/9 306.93 306.93 316.84 

c5/13 349.79 349.3 354.68 

c6/15 338.20 337.66 345.52 

  

 
Fig. 4 Comparison chart of three pitch detection algorithm 

for children’s samples 
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4. CONCLUSIONS 
The fundamental frequency of a sound wave will determine the 

human tone and pitch.  The method to ascertain the pitch period 

of voice signal is important not only in speech signal processing, 

but also in diagnosing vocal cord symptoms. 

Pitch is the most distinctive difference between male and female 

speakers. Three PDAs based on the autocorrelation function, the 

average magnitude difference function and cepstrum analysis 

are introduced.The results show that children has a fundamental 

frequency near or above 300 Hz whereas female has 

fundamental frequency in the range 210-280 Hz whereas male 

fundamental frequency lies in between 150-220 Hz. 
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