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Reduction of Pitch Searching Range in CELP vocoder
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ABSTRACT

The major drawback n Code Excited Linear Prediction(CELP) type speech coders 1s their large computational
requirements, In this paper, a simple method which reduces the pitch searching time without degradation of quality
in the correlation based pitch predictor is proposed. The basic idea is that, based upon the observational regulanty
of the correlation function in pitch search, the searching range can be restricted to the positive side by estimating
the width of negative envelope with the width of previous positive envelope., By restricting the range of pitch
search, required computations are reduced. Experimental result shows thal about 40% reduction can be achieved by
the proposed method without lowering the speech quality.
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1. INTRODUCTION

After the introduction of Code Excited Linear
Prediction(CELP) speech coder in 1984 [1], many
researches have been performed to achieve high
quality speech below 4,8kbps within reduced
computational requirements, The major drawback

in CELP type analysis-by-synthesis speech coders
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is their large computational requirements in code-
book and pitch searches [2). CELP analysis
consists of three hasic functions: 1) short delay
spectrum prediction, 2) long delay pitch search,
and 3) residual codebook search, Spectrurn analysis
is performed once per frame by open-loop, usually
10th order autocorrelation LPC analysis using no
preemphasis and 15 Hz bandwidth expansion with
a Hamming window [3]. Codebook search is
performed by closed-loop analysis using conven-

tional mimmum mean squared prediction error cri-



34 The Journal o1 1he Acoustical Soviety of Korea, Vol 120 No. 25§ b

terion of the perceptually woeighted ecrror signal.
Pitch search is usually perforimed by closed-loop
analysis using one of the following: filtering 4/,
self-excited |5], or adaptive codebook [] methods.
Since Pitch search is performed four times per
frame based upon analysis by synthesis technicue
and all of the available pitch lags are exhaus
tively secarched, 1t requires great computations,
The computations of pitch search and codebook

search are sinmular.

In this paper, a simple method which reduces
the pitch searching time without degradation of
quality in the correlation based pitch predictor is
proposed. Based upun the observational regulanity
of the corrclation function in pitch search, the
searching range can be restricted 1o 1he posilive
side by estimating the width of negative cnvelope
with the width of previous positive envelope. By
restricting the range of pithch search, required
computatious are reduced, [xperimental result
shows that about 40% reduction can be achieved
by the proposed methout lowering the specch
quality.

Il. PITCH SEARCH IN PITCH FILTER

Fig. 1 shows a typical flow for pitch search
using one-tap pitch filter, Pitch search is perfornwd
based analysis-by sysnthesis technique to sclect
parameters such as the pitch lag £ and pitch ginn
4 for pitch prediction filter which minimize the
crror between the inpul specch and the svnthe
sized speech. In Fig. 1, ZIR is zero input response
and « is perceplual weighting constant and L 1(2)/
Alzfa} is a perceptual weighting filter. Pitch syn-

Lthesis filter 1s given as
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When x(n} 1s the percepluatly waighled input
speech y{n) 1s the perceptually waighted synthe:
sized  speech, the mean squared errortMSE)

equation through pitch ftlicr is
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where £, 18 the length ot pitch analysis {rame,
The objective 15 to choose the £ and & which

mimmize the MSE. This i equivalent 1o maximizing

{3
where
el
v 5 ox(n) oy (n)
I 1
Fev S v )y (),
o n_'n ’ )
The optimum & for the given 1. 1s found to be
T (s
vy

speach
s(n) compute calculate compute
y.(n) Exy & Eyy €= (Exy)/ Eyy

Selactb & L
for Man E

Fig 1. An example of implementation flow for pitch

sedrch

Tlus search s repeated for all albowed values of
Liusually from 17 to 143 ar from 20 to 117y, The
lag 1 and the pitch gain & that maximize F, are
chosen for transrussion,

Since puich scarch ts done four times per frame
by this exhaustive searchievery §or 7.5 msec), it
requires very large compulations, To reduce the
burden, scveral methods such as recurstve con-
volution | 3117] and approximations of correlation
function [4]18] and Delta search [3] are used.
Delta search method cxploits the natural smooth-
ness of pitch lag., For odd subframes. all of avail-

able lags searched while for cven subframes, only
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32 lags relative to the previous subframe are
searched, Delta search greatly reduces computa-
tional complexity and data rate while causing no
perceivable loss in speech quaiity.

However, the formulation used for the pitch filter
“is such that it removes long-term correlations,
whether due to actual pitch excitation or not
(strictly it is not a true pitch estimator), the
chosen pitch lag L. can be an improper lag even
for voiced speech and shows doubling and halving
(i.e. submultiples of pitch lag) frequently as
shown in Fig. 2.
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Fig 2. An example of correlation function,
{a)speech data (b} b— Exy/Eyy
{c)EL = (Exy})*/Eyy
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To overcome this practically, the MSE criterion
is usually modified to check the error at submulti-
ples of the lag to determine if it is within an al-
lowable level of MSE 3], The optimum & can be
restricted to be positive | 7). In that case, £, which

produces a negative is ignored in the search.
[ll. PROPOSED PITCH SEARCH METHOD

In connection with correlation based pitch esti-

mation method, the true pitch lag for voiced
speech is always located at the peak of a positive

envelope in the correlation function [9). Based
upon this fact, pitch lag search in prediction filter
can be done on the correlation function and the
search range can be restricted Lo the positive side
of correlation function, if possible | 7],

The correlation function shows some regularity
and has the following properties. The envelope of
correlation function changes slowly, for speech
signal i1s h.ghly correlated. The positive and nega-
tive envelopes are alternative and the width of
each envelope is usually maintained by the effect
of the first formant of voiced speech.

Based upon the properties of correlation function,
the width of a negative envelope can be estimated
by the width of the previous positive envelope.
By skipping the lags corresponding that width,
pitch search time reduction can be achieved.

Exy > 0 %rstatus =1
Exy < 0 & status = -1

L1-L, status=1

Exy > 0 & status = -1

L2=L, status=-1
L=L+L2-L1+d

[N

Fig 3. Proposed pitch search algorithm,
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Since the positive peaks of correlation function
are maintained, the performance does not change.
Fig.3 shows the flow of the proposed algorithm,
where d( > 1) is adjusting constant for width
skipping.

IV. EXPERIMENTAL RESULT

For experiment, four sentences pronounced five
times by two males and one female speakcrs were
used for test data base. The speech signal was
sampled at 8kHz and lowpass filtered and digitized
with a 16 bits A/D converter., We used a 20 ms
frame size with four 5 ms subframes. Spectrum
analysis was performed once frame by open-loop,
10th order autocorrelation [LPC analysis using no
preemphasis with a 20 ms Hamming window, In
perceptual weighting, we chose x 0.8 and in
pitch search, lags from 20 to 147 were searched
and 4 =5. In our experiment, real time implementa-
tion was not considered.

Fig.4 shows the correlation functions obtained
by the conventional full search and the proposed
method, The positive envelopes of the two corre-
lation functions are the same. The selected pitch
lag L and pitch gain & are not affected by the
proposed method and the quality of speech is
preserved. Since the shape of the caorrelation
function varies frame to frame, the required amount
of computations for pitch search varies, However,
the proposed melhod works, for speech signal is
highly correlated and almost hall of the corre-
lation function is negative envelopes,

To compare the pitch search methods, average
search time was calculated in personal computer
for test speech data base. As a result, average
pitch search time, 12.2 sec was obtamned by Lhe
conventional exhaustive search and 7.4 sec by the
proposced method. Thus average 30.3%: reduction
of pitch scarch time was achicved for test speech
database,

V. CONCLUSION

In this paper we proposed a simple pithod which
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Fig 4. An cxample of the proposed method,
(a) speech data
(b) Exy/Eyy by the exhaustive search
(¢} Exy/Eyy hy the proposed method

preserves the qualhty of CELP vocoder with
reduced complexity. The basic idea is to restrict
the pitch search range (o positive envelopes by
estimating the wicth of negalive cnvelope with
that of previous postive envelope in the corre-
lation funchon, Employing the proposed method,
we can get approximately 40% complexity re-
duction in the pitch search,

Since the proposed method s performed in
each subframe, great reduction of computational
complexity  can be expected by combining the

proposed  method with the Delta search method.
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