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ABSTRACT

The paper proposes a pitch detection algorithm based on the
short-time average magnitude difference function (AMDF)
and the short-term autocorrelation function (ACF). At first,
AMDF values are computed by AMDF algorithm for a
frame of speech signal. And then ACF values are computed
by ACF algorithm for the AMDF values. In order to
decreases computational expense and complexity, the
AMDF values of the frame of speech signal are then
transformed into one bit signals. The method can also
decrease the effects of amplitude and formants the speech
signal for pitch detection. The pitch period is calculated by
ACF algorithm for the one bit signals. The multiplication
operation for short-time autocorrelation function of the one
bit signals is replaced by simple addition operation. The
algorithm can largely reduce its computational cost
compared with calculating ACF directly. The experiments
show that the algorithm can decreases computational
expense and complexity compared with ACF algorithm. The
algorithm can decrease the error rate of pitch detection
compared with AMDF algorithm. The proposed algorithm is
easy to implement in real-time signal processing.

1. INTRODUCTION

The problem of pitch estimation is a topic of research
during all the evolution of digital speech processing and the
pitch period is an important speech parameter. The pitch
estimation plays a very important role in speech
compression, speech coding, speech recognition and
synthesis, as well as in voice translation. A good estimation
of the pitch period is crucial to improving the performance
of speech analysis and synthesis systems. There are many
pitch detection algorithms such as the short-time average
magnitude difference function (AMDF), short-term
autocorrelation function (ACF) [1], spectrum, cepstrum [2],
neural networks and wavelet transform [3] [4] algorithms.
Although many pitch detection methods have been proposed,
few of them have been built in special-purpose digital
hardware capable of real-time operation [5].
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The short-time AMDF and short-term ACF are often
used in pitch detector. AMDF only needs subtraction, add
and absolute operations for the pitch detection. AMDF
algorithm has relatively low computational cost and is easy
to implement. AMDF algorithm is used in the fields for the
real-time processing. For example, LPC10e uses AMDF for
pitch extraction. But one major disadvantage of the short-
term AMDF approach for pitch detection is that the
magnitude of the minimum in each frame is highly
influenced by the intensity variation and the background
noise of the speech signal.

In order to decrease the error rate of pitch detection of
AMDF algorithm, this paper proposes a low complexity
pitch detection algorithm based on AMDF and ACF. The
proposed algorithm only needs subtraction, add and
absolute operations. So the complexity computation of the
proposed algorithm is low. At first, an AMDF values are
computed by AMDF algorithm for a frame of speech signal
and then the pitch period is computed by ACF algorithm for
the AMDF values. But the ACF algorithm needs
multiplication operation. To void use multiplication
operation and decrease the computational expense, AMDF
values of the frame of speech signal are transformed into
one bit signals. The transform step can also decrease the
effects of amplitude and formants the speech signal for pitch
detection. The pitch period is then calculated by ACF
algorithm for the one bit signals. The multiplication
operations of autocorrelation function of the one bit signals
are transformed into simple addition operations. The
experiments show that the algorithm can decreases
computational expense and complexity compared with ACF
algorithm. The error rate of pitch detection is decreased
compared with AMDF algorithm. The effects of the speech
signal amplitude and formants for pitch detection can also
be decreased.

2. AMDF PITCH DETECTION ALGORITHM

For periodic signal s(n) of period T, the difference function
x(m)=s(n+m)-s(n) will be approximately zero for m=0,

+T, £2T, ....Because the voiced speech signals are quasi-
periodic, the difference function x(m)=s(n+m)-s(n) will be
small if m=0, +T, +£2T, .... Based on the reason, the
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short-time average magnitude difference function of a frame

of speech signal is defined as:
1 N-m-1

x,(m)=——: s (n+m)—s (n)| (D

N-m-1 ,,Z:(; | |
where sy(n) is speech signal. N is the length of a frame of
speech signal. The range of m is between 0 and N. When a
frame of speech signal is quasi-periodic, the values of the
short-time average magnitude difference function of a frame
of speech signal are quasi-periodic.

X,,(m) has the minimum value in the position of the

integer times of the pitch period. The position of the
minimum value is found and the distance between the
position and origin point is calculated. And then the pitch
period can be obtain. The position of the minimum value
may not match the pitch period because of the effect of the
amplitude, noise and formant of speech signal. A frame of
speech signal (sampling frequency is 8kHz, 180 samples
/ a frame of speech signal) is shown in Figure 1.a. The
AMDEF values are shown in Figure 1.b. The pitch period T2
using AMDF algorithm is 15.5ms or 124 samples. The pitch
error is made by the intensity variation, formants and the
background noise of the speech signal. But the correct pitch
period T1 is 3.25ms or 26 samples.
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Figure 1 (a)A frame of speech signal; (b) AMDF
values of a frame of speech signal

3. A PITCH DETECTION ALGORITHM
BASED ON AMDF AND ACF

In order to decrease the effect of the amplitude and formants
of speech signal for pitch detection, this paper proposes a
pitch detection algorithm based on AMDF and ACF. The
function block diagram of the pitch detection algorithm
based on AMDF and ACF is shown in Figure 2.
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Figure 2 Function block diagram of the pitch detection
algorithm based on AMDF and ACF

At first, the AMDF values are obtained for a frame of
speech signal. And then the pitch period is obtained by ACF
for the AMDF value. The ACF algorithm needs
multiplication operation. In order to void to use
multiplication operation, AMDF values of the frame of
speech signal are transformed into one bit signals.

According to the maximum V- and minimum value V,__

of the AMDF values of the frame of speech signal, the
clipping level @ is chosen. The clipping level & equals

oV .. +V._.).The factor is set to 0.4. When the value

of that the short-time AMDF value is less than € the value
is set to 1. When the value of that the short-time AMDF
value is greater than @ the value is set to 0. The short-time
AMDF signal is converted into the one bit signal. And then
the pitch period is calculated using the short-term
autocorrelation  function algorithm. The short-term

autocorrelation function is defined as:
N—k-1

R(k)= > x(n)x(n+k)

n=0
where x(7) is one bit signal. The signal x(7)is 1 or 0.
x(n)x(n+k) equals 1 when both of x(#) and x(n+k)

equal 1. x(n)x(n+k) equals 0 when one of x(n) and

ax

(2)

x(n+k) equals 0. The multiplication operation of

autocorrelation function for the one bit signals is
transformed into simple addition operation. The reduction in
computational expense and complexity is very promising.
The method can also decrease the effects of amplitude and
formants the speech signal for pitch detection.

According to the variable range of the pitch period of
speech, the variable range is between 16 samples and 140
samples (8kHz sampling frequency) [6]. The position of the
peak of the autocorrelation value R(k) is searched in the
range between k=16 and k=160. The distance between the
position and k=0 is calculated, and then the pitch period of a
frame of speech signal is obtained. The accuracy of the
pitch detection is increased compared with AMDF
algorithm. Figure 3.a shows the AMDF value of a frame of
speech signal as same as Figure 1.a. Figure 3.b shows the
one bit signal that has been transformed. Figure 3.c shows
the autocorrelation value R(k). R(k) has the peak in the
position of integrate times of pitch period. The position of
peak is found and the distance between the position of peak
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and the position of & =0is calculated. The correct pitch
period is 3.25ms (26sampls, the sampling frequency is
8kHz) .
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Figure 3 (a) AMDF values of a frame of speech signal;
(b) The one bit signal of AMDF values; (c) ACF values of
the one bit signal

The error rate is decreased using the pitch detection

algorithm based on AMDF and ACF compared with AMDF.

But the AMDF values above are not very good enough for
pitch detection. Every AMDF value x, () has N-m-1

s,(n+m)—s, (n)| . The

more great the parameter m in the equation (1) is, the less
the number of the magnitude difference value

sw(n+m)—sw(n)| is. When (N-m—-1)XT, (T, is
sampling period ) is less than the pitch period, AMDF

magnitude difference values

value x, () can not show the periodic feature of the frame

of the speech signal.

A frame of speech signal is shown in Figure 4.a. The
AMDF signals of the frame of speech signal are shown in
Figure 4.b. If the parameter m is greater than 126, the

AMDF value X, (m) can not show the periodic feature of
the frame of the speech signal. It will increase the error rate
of pitch detection.

In order to improve the performance of the pitch
detection algorithm based on AMDF and ACF, the short-
time average magnitude difference function is redefined

! ZN: |sw(n—m)—sw(n)| 3

x (m)=——

" N-1 n=2N-1
where s,(n) has two frames of speech signal including
current and previous frame of speech signal. N is the length
of a frame of speech signal. Every AMDF value X, (1)

has N magnitude difference values. The shot-time average

magnitude difference values made by using equation (3)
have the more periodic property than the shot-time average
magnitude difference values made by using equation (1).
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Figure 4 (a) A frame of speech signal; (b) AMDF values of
a frame of speech signal made by equation (1); (c¢) AMDF
values of a frame of speech signal made by equation (3)
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4. EXPERIMENTS AND RESULTS

Figure 5 shows the performance comparison with three
kinds of different pitch detection algorithm, which are the
pitch detection based on AMDF, average magnitude
difference function and autocorrelation function. The
speech signal is a sentence “What about your family?”
( 8kHz sampling frequency, total 54 frames) . The
original speech signal is shown in Figure 5.a.
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Figure 5

(a) A sentence of original speech signal;
(b) Comparison of three kinds of pitch detection algorithms

Figure 5.b shows the comparison results of using three
kinds of different pitch detection algorithms for the same
sentence. All of three kinds of different pitch detection
algorithms do not use error correlation or non-linear
smoothing and correct technology. The correct pitch period
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(--+- Real), the results of using the pitch detection based
on AMDF (AMDF M), average magnitude difference
function (AMDF) and autocorrelation function (ACF) for
the same sentence are shown in Figure 5.b. The error rate of
using AMDF algorithm is 0.13. The error rate of using ACF
algorithm is 0.1. The error rate of using he pitch detection
based on AMDF algorithm is 0.02.

Table 1 shows the comparison of error rates of pitch
detection of three kinds of different pitch detection
algorithms for the 1280 frames of speech signal. The
experiments show that the error rate of pitch detection of the
proposed algorithm is approximately equal to the error rate
of pitch detection of the ACF algorithm. The proposed
algorithm can decrease the error rate of pitch detection
compared with AMDF algorithm.

Table 1 Comparison of error rate of pitch detection
AMDF ACF AMDF M
15% 9 % 8%

5. CONCLUSIONS

This paper proposes a pitch detection algorithm based on
AMDF and ACF. Because the proposed algorithm does not
need multiplication operations the algorithm can decrease
computational expense and complexity compared with ACF
algorithm. The error rate of pitch detection is decreased
compared with AMDF algorithm. The effects of the speech
signal magnitude and formants for pitch detection can also
be decreased. Experiment results show that the proposed
algorithms are easy to implement in real-time signal
processing.
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