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1 Introduction

A pitch detection algorithm faces two basic problems:
reliability and computational efficiency. In the present case this
algorithm was developed in the context of < an audio response system
using a large vocabulary. It was intended to be used in a pitch-
synchrohous encoding of the dietionary .words, and for prosody
experimentations. Reliability was a primary factor due to the
hearability of the distortions introduced by most pitch detection
errors and also to the impracticality of manual correction because of
the large humber 6f wérds ihvolved {5,000 to 10,000).-

| The 'computational éépéct has been . considered for the

cbhveniehce of a fast élgorithm in éxperimentatioﬁs.on pitch and, as é
reésult, the actual high—lével language.version of the program runs at
about three times real time {(on a PDP-10), and could, as will be showﬁ.
be optimized to run in real time. |

The muitiplicitj of pitch detection algorithms (Markel [31,
Noll [1], Miller [2], Maksim [41), illustrates the difficulty in
achieving the goals"of speed and réliability. It appears. that the
reluctance of the speéch wave to follow a simple pattern in all.cases
is the main source of occasional errors. A criticai poinﬁ is tﬁe
difficulty of finding a single criterion that could separate voiced
from unvoiced portions of.sbeech in all situations. One solution could
be to find a.multidiﬁensional:épade in which voiced and unvdiced speech

are linearly separable, but this could lead to great computational



inefficiency. Another possibility is to add a continuity constraint in
the voiced portions,.'but then occasional voiecing irregularities
introduce problems. The algorithm presented here uses both techniques:
a continuity constraint on the pitch period in conjunction with a
voiced/unvoiced separation in a - two-dimensional space. In addition,
various mechanisms ére provided - to account for known "misbehavior™ cof

the speech wave. .

.2. A Twc-diménsional Representation of the Speech Hégg

The voiced portions of the speech _wéce are created by the
excitation of the vocal ﬁract by a series of pseudcpcriodic high-energy
pulses (citch.pulses) which, along with the resonant characteristics of
the vocal tract, contribute to the. creation of -a high-energy peak
immediately'folloﬁing each pitch pulse. _A general_damping due to the
glottal execitation and the radiation cf_the mouth will minimize the
energy of later pcéks'in each individual pitch‘period. On the other
hand, in the case ofrunvoiced speech, the vocal tract is either excited
cﬁ a white noise (fricative) or by a single burst (plosive), which
results in many low-energy peaks or an isolated high—energy peak.
Thus, the detecﬁion of a series of peaks of higher energy than the 
surrounding ones and at regular intervals is an indication of voicing,

whereas the absence of such a pattern is an indication of unvoicing.




2.1 Peak Energy
The first dimension to represent speech with fespect to
voicing/unvoicing quality is peak energy (PKE). It is defined as the

energy of a positive excursion cycle between two consecutive zero-

crossings.
zi+1
PKE(zi) = SUM S(t)#*3(t) zi,zi+?1 consecutive zero-crossings
t=zi

The position of each excursion cycle (or PEAK) is defined as

the position of the first zero-crossing (see Figure 1),

Insert Figure 1 about here

2.2 Interperiodic Cross—correlation

Because of mechanical constraints the frequency response of the
vocal tract changes slowly; when excited by a periodic train of pulses
it produces a wave with a high correlation between successive pitch
periods. On the other hand, successive segments of unvoiced speech,
preduced by random noise excitation, have a low cdrrelation. If P1 and
P2 are the respective positions of two consecutive pitch pulses, the

interperiodic cross-correlation (XCORR) is defined as
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Figure 1 . Peak energy
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pe
SUM s(t)¥*s(t+T)

" t=p1
XCORR(p2) = R—— —
' p2 2 p2 2
sqrt( SUM s (t) % SUM s (t+T) . )

tzpt ©t=p!

with T = P2 - P1 - 1,
The nonstationary character of the speech .wave introduces only
a negligible error in the calculation of XCORR because of the slow

variation of the vocal tract.

3 Description of the Algorithm

The pitch detection is performed in the . time domain. Each
segment of speech ;s_assumed a priori to be voiced: it 1s attempted to
extract a series_ Qf PEAKs of maximum gnergy spaced at regular
intervals. If such PEAKs are found, XCORR is calculated for each of
them and_a decision is madg on the position of these PEAKs ip the plan
_(PKE,XCORR)7 Along With_the fql%owing descriptiqn,_q:flowchart of the

algorithm is given in Appendix A.

3.1 Unbiasing ggg Peak Energy Calculation

Sinqe the zero-crossing pqsitions are important, the speech
wave is first unbiased using the first_loo ms of sound to calculate the
bias, Then PKE .15_ calculated for all nonzero positive PEAKs (see

Section 2.1).



3.2 Maximum PEAK Selection: "Search"

If PTR is the position of a ﬁitch pulsé and T is the value of
the previous piteh peridd;'the "néx§ pitdhipulse,'if'it exists, should
be found close to (PTR + T). In the interval (PTR + E1, PTR +
SEARCHFIELD) where E1 = T/10 and SEARCHFIELD :lk*T, the PEAK of larger
energy (MPK) will correspond toc a possible piteh pulée. if PTR 1is thé 
position of ‘an unvoicing marker, PERIOD is an a priori guess, E1 is
made null, and the selected MPK is a candidate t6 be the first pitch
pulse of a series (see Figure 2).

e A B e e e . e e e i sk o ke i s s i e sk e b e i

The value of k is chosen so that SEARCHFIELD'is'ndt larger than
two times“the smallest period that éénnsatisfy the periodidityt'test: k
= 2%(1 - v). If the invesﬁigétedﬁéegmént “is unvoiced there is, in a
truly random case, a 30 percent chance for the selected'MPK to satisfy
the péﬁiodiditj test. Thus;':this' selection process makes the
periodieity test alone about w7d'percent efficient for the eiimination

of spuriocus PEAKs.

3.3 Selection‘gg Fiﬁst PEAK: "Firstguess"

" In case the " last segﬁéht”of speech'ﬁaé' either unvoiced or
unknown, the algorithm tries to find the beginning of a voiced portion
without the use of any 'previous knowledéé' about the sound. This

operation will be referred to as the "firstguess."
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Figure 2. Searchfield




A first maximum PEAK (MPK) 1is selected with the "search”
procedure (see Section 3.2) starting at the last valid unvoicing
marker. The SEARCHFIELD is set to 1.5 times the smallest expected
period (3 ms). Then two more MPKs are selected in similar
SEARCHFIELDs, starting at the last selected MPK. These three MPKs are
subjected to =z p@riodicity test (PTEST) that allows for_.a maximum
ﬁeriod variation'éf 25 percent over or under the previous bériod. If
the three MPKs sétisfy PTEST, more_MPKs ére selected with thé "search®
procedure in SEARCHFIELDS that are adjusted each ti_nie to be "1.5_-tir'des
the distance bepween the two previOUS'MPKsl A

If up to MAXNB (actually set to 12) MPKs satisfy PTEST, then

these MPKs are further tested in the voiced/unvoiced decision sectionqw“’

(see Section 3.4)..

If a nonperiodic MPK is found and if the number of periodié
MPKs selected thus far is smaller than the assumed minimﬁm length of é
voicea ségmenﬁ {MLVS, éétualiy set. fo-ﬂ ‘pitcﬁ pefiods) 'then.mofe
attempts are made to fiﬁd another set of_periodiQ“MPKs by ﬁestarting
" the selection of first PEAKs with increaséd'SEABéHElELDs. Thé range of
variation of SEARCHFIELD is set so that the frequency range for the
first periods is 50-330 hz.

If the maximum value of SEARCHFIELD is reached without success,
then the segment is declared unvoiced (see Section 3.%). -

If more than MLVS but 1less than MAXNB periodic MPKEs are

selected, and if the first nonperiodic MPK has an energy greater than a



preset voicing threshold (HIPKE), this may indicate an error in the
period detection (half or double), so the following portion of speech
is checked by restarting the "firstguess" after this nonperiodic MPK to
search for at most MLVS MPKs. 1If there is a substantial difference
between the period of the newly selected MPKs, if there are any, and
the period of the old set of MPKs, then, to avoid a probable frequency
error, the old set is rejected and the next 10_mé'of'SOUnd are declared
unvoiced. Otherwise, the old set of MPKs is restoted énd‘tested in the

voiced/unvoiced decision section.

3.4 Voiced~Unvoiced Decision

The selected MPKg are now tested to deci&e whether they
correspond to pitchrpulse%fx-For‘each MPK;_XCORR_is caiéQlated and its
position in the plan (PKE,XCORR) is tested with the lineér functions:

(TEST1) al*MPKE + a2*XCORR - a3 > 0

with MPKE > 0 and -1 < XCORR < 1 (see Figure 3). *

If less than four MPKs satisfy TEST1 the segment of speech is
declared unvoiced; otherwise it is accepted as voiced.

I. Unvoiced case: The next 10 ms of speech or up to the first of the
selected MPKs, whichever is smaller, is declared unvoiced. Then
the first peak selection 1is restarted from this point. All
information about the MPKEs selected in this section is forgotten.

I1. Voiced case: The selected MPKs are inserted in the pitch pulses
list and the selection of subsequent PEAKs is started freom the
last inserted MPK,
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| _0_3_/;/ %, | o -
?\ VOICED -
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Figure 3, Decision.line in the plane (PKE,XCORR) .
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3.5 Selection of Subsequent PEAKs

The beginning.of a voicéd segment of speech has been detected.
It ié now.attempted to find the remaining pitch pulées and the end of
the voiced portion of speech, One MPK at a timé is selecfed and
tested, and if the tests are positive, it is definitely accepted as a
pi;ch pulse without waiting for more informatiqn.

The selection of an MPK is done with the "seafch" procedure in
- a SEARCHFIELD starting at the last pitch pulsé and of a length equal to
1.5 times the last pitch period.

If this MPK does not satisfy the periodicity test (PTEST) but
its value ié large enough to indicate a probable voicing. then the
second largest PEAK of the same SEARCHFIELD is sélected. This takes
" into account the possibility of having an extra PEAK in the pitch
period, due to a rapidly changing intensiﬁy.

ir, againf the periodigity test is not satisfied, the selectidn.
of the subsequent PEAKs is abandoned for a "firstguess" attempt.

If the MPK selected is "periodic enough," a test‘_similar to
TEST1 of the "voiced/unvoiced decision™ section is applied:

(TEST2) b1*MPKEI+ b2¥*xcorr ~ b3 > 0

with MPKE > 0 and =1 < XCORR < +1.

The coefficients b1, b2, and b3 are chosen  so that TEST2 is
less severe (to accept an MPK as being a pitch pulse) than TEST1. This
“is to account for some transition phenomena, for example, fast formant

transition (low XCORR) at a low intensity level (low'MPKE) (see Section

11




4), If TESTZ2 is satisfied, the selection of further PEAKs continues;
otherwise, a "firstguess" is attempted starting at the last

successfully selected MPK.

.3F6 Unvoicing Decision Délaying

If the "firstguess" has failed to find a series of pitch pulses
aﬁd the previous segment of speech is unvoiced, ﬁo further testing is
applied ana the current segment is declared unvoiced (see Section 3.4).
But if the previous segment is voiced and the first'MPK selected in the
"firstguess" has an énergy large enough to indicate a probable volcing,
then the unvoicing decision is deléyed. |

The failure of.the “firstguesé" was ﬁrobably dué to a.xlack of
of periodicity of some selected MPKs which may correspond to a vdicing
irregularity (see Section 4), Tc take such a poésibility into
account, a "firstguess" is again attempted but starting after the first
previously selected MPK. |

o If.the “firstguéss" continues to fail., the unvoicihg decision

is delayed until the first selected MPK has an enérgy lower than the
voicing threshold (HIPEAK). This allows the aeceptingléf more than one
irregular pitch pulse.

If "firstgueés“ is successful after such a délaying, the "hole"
left between the last pitch pulse and the first selected MPK 1is filled

with artificially inserted pulses  using a linear interpolation of the

period.

12




- 3.7  Smoothing of the Pitch Contour

The positions of the zero-crossings of the selected MPKs are
not the exact positions of the piteh pulses, and the spacing between
these two positions is essentially variable, thus introducing a noise
in the pitch contour. It appeared that such a noise has a ver&
unpleasant effect on the rpreproduced speech. It_ was possible to
suppress that effect by applying a simple.triangular smoothing on the
originally obtained pitch contour:

i
T(1) = (§UM4T(i+j)*w(j))/k
J==

with w(j) = 1 ~ abs(j)/5 and k = SUM w(j}.

4 Hearability and Controllability of the Pitch Detection

Errors

Many refinements have been intrpduced ~in the algorithm to
minimize the risks of pitch detection errors and also to reduce the
hearability of the errors that may be left.__Control of the errors can
be achieved by knowing the specific influence of the parameters on
particular types of errors; it is then possible to find the best
adjustments.

The method chosen as the most practicdal consists of making the
pitch detection and then encoding (in LPC) a large set of words (500),

and, by synthesizing the thrds from their coded form, igsolating those
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with “hearable" defects after a simple listening test. After this
operation the behavior of the algorithm on the defective words can be
traced and readjustments made. The advantage of this method 1is to
focus the optimization on the errors that have the " most perceptually
distorting effect.

The errors can be classified into three categories: frequency
errors (double or half the real frequency), voiced/unvoiced decision
errors (on a whole segment of speech), and boundary errors (at the
voiced/unvoiced or unvoiced/voiced transitionsi. Each category is
handled by a specific section of the algorithm and the risk of

occurrence can be controlled by setting the appropriate parameters.

4.1 Frequency Errors
Doubling or halving the fundamental frequency of a voiced

sound, even for a short period of time, introduces a very noticeable

distortion that may affedt the understandability of the utterance and
is, in any case, #ery undesirable.

If the correct freqﬁency has been detected in the firstguess
section (Section 3#3),'ffequency doubling or halving cannot happen in
the subsequent peak detection (Section 3.5) because of PTEST. But in
the firstguess section, where the frequency is guessed using no
information about the past, frequency errors are possible in some

situations.

Doubling of the fundamental can occur when, at the beginning of

1k




a voiced segment, the first formant 1s only lightly damped and has a

frequency approximately double +the fundamental, thus creating a large

PEAK in the middle &f a pitch period, and a possible confusion of that
extra PEAK foﬁ the beginning of a pitch period..

‘Possible halving of the fundamental generally occurs because of
the presence of a high-energy PEAK preceding the beginning of the first
pitch period at a distance approximately double the pitch period in
conjunction with a rising intensity.

In these situations the firstguess section may detect the wrong
frequency and it was not found possible to adjust TEST1, in the
decision section (Seetion 3.14), to discriminate the extraneous MPKs
without introducing unveicihg errors in other situations,

The reduction of the maximum period variation allowed in PTEST
reduces the probability of such errors in the firstguess section, but
not significantly.

To overcome this problem, one more hypothesis must be added to
the model: the confusing situation lasts only for a limited number of
periods and not for a whole voiced segment. That is, the intensity of
the PEAKs will not be an increasing monotone function for more than n
periods, in the case of a frequency-halving situation, or the ratio
between the fundamental and the first formant frequencies will not stay
stable for more than n periods, in the case of a frequency-doubling
situation. If this is true, the n+1 MPK should be rejected by PTEST

but accepted by TESTl; A firstguess of the segment of speech following

15




the n+? MPK and a comparison between the pitch periods of these two
segments can detect a :frequency error (see Section 3.3). The maximum
value for n (MAXNB) was determined experimentally.

Without this look-ahead mechanism, 5 percent of the words, on
the test set of 500, had frequency errors (including only two c¢ases of
frequency doubling). With the look-ahead énd MAXNB = Y4, four words
were_left with'frequency—halving errors; with MAXNB = 6, only one word
had such an error and it was necessary to set MAXNB = 10 to eliminate -
it. Finally MAXNB was'set to 12 to provide some more immﬁnity.

In the case of the detection of a frequency error the simple
decision of unvolcing for the beginning of the segment (see Section
3.3) may result in the devoicing of the first pitch period. Since this
_tybe of error does not introduce any significant distortion of the
reproduced  words, it was not felt necessary to implement a special

procedure to correct it.

k.2  Voiced/Unvolced Decision Errors

The distorting effect of a voiced/unvoiced decision error on an
entire portion of speech mostly depends- on the duration and the
intensity 1level of that portion. It appeared, hdwever, that the
devoicing of a voiced segment had a less destructive effeét on the
intelligibility than the artificial voleing of an unvoiéed segment .

The behavior of the algorithm with respect to this " problem is

central for the adjustment of most tests and parameters: PTEST, TEST1, -

TEST2, and MLVS.

16.




When the parameters are set for a possible correct detection of
the voiced portion of speech with the worst characteristies (according
to the model: shortest duration, maximum period variation, and a
combination of low PKE and low XCORR) it results in approximately 70
percent of the words with .artificial voiecing errors. Although these
conditions are artificial, this test showed that some "exceptional

_misbehavior" should be dealt with separately and that the adjustment of
the parameters can only result in the reduction of the frequency of

errors.,

MLVS adjustment. Although very short vowels do not occur
fregquently in words spﬁken in isolation, they tend to appear more often
in continuous  speech, especially at the onset; .for example, in a
sentence starting with "a few ...," the vowel "a" may be considerably
reduced. The shortest vowel observed in the test set was four pitch
periods long and we were unable to produce a shorter one,.so MLVS was
set to 4.

. PTEST adjustment. Some voicing irregularities called "creaks"

can create a sudden pitch variation of up to 100 percent. They are
caused by an irregular vibration of the vocal cords. These cases must
be dealt with by a special mechanism, and PTEST should only accept the .
maximum "normal™ variation between two consecutive pitch periods. One
way to find this maximum period variation is to set TEST1 and TEST2 s0

that they will not reject any true piteh pulse and then adjust PTEST

17




until no devoicing ocours except in creak situvations. If was found
ﬁhat a 25 percent variﬁtion threshold could achieve this result on the
test set.

The special mechanism provided to account for creaks consists
of trying to skip the'irfegularity. If a high-energy irregular PEAK is
detected, a firstguess is attempted starting from that PEAK. If it
fail; to detect more pitch pulses, the decision of unveoicing is delayed
as long . as the selected MPKs have an energy indicating a probable
voicing (see Section 3.6) so that the irregularity can be bypassed and
replaced . by a continuity solution if voicing does ‘indeed continue
afterward. However, there are situations where this mechanism does not
operate successfully: if the irregularity happens within the first or
last four pitch pericds of a voiced portion, the beginning or the end
of that portion is devoicéd. Only one such case was detected in the
test set (see Figure 4) and it did not result in a very noticeable
distortion. A more criticai situation is when the irregularity occurs
in the middle of a short vowel, that is, within the first and last
piteh periods. The whole vowel 1is then devoiced. Such - cases were
observed on the ending vowels of six words among a set of 1,000 words

(different from the test set).

- iy W £

————— o Y —————— T - —

TEST1 and TESTZ adjustments. Informal intelligibility tests

using words containing piteh errors showed that artificial voicing is
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Figure 4. Pitch period irregularity at the beginning of a voiced portion
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'_1ess desirable than devoicing, so TEST!1 was adjusted to reject all sets
of four or more unvoicing peaks that would satisfy PTEST, for the words
of the test set. With TEST2 adjusted in the same way, about 10 percent
of the words of the test .set had' devoicing errors, but _since the
selection of peaks is'-more.restrietive in the selection 'of subsequent
peaks (Section 3.5) than in the firstguess, the risk of selecting a
spurious peak is also smaller and TEST2 lcan be made less severe than
TEST1 to accept MPKs of low energy and/or low XCORR. However, it was
not possible to adjust TESTZ to accept the sharpest'formant transitions
between consecutive pitch periods, for example, at the transition of a
/b/ consonant and a vowel {see Figure 5). fThese cases were simply
sclved by trying a firstguess after a failure of TESTZ2 instead'of
immediately declaring the segment unvoiced. All‘ noticeable

voicing/unvoicing errors were then removed from the test set,

T ke i P il A S A i i e i e b e v ke e e

- A ke e S S 0 P e b D el

4.3 Boundary Errors:

With all parameters adjusted to eliminate frequency and major
voicing/unvqicing errors it was found, by graphic observation of the
detected piteh pulses along with the speech wave, that in some
instances voicing would start too late or stop too early, or, less
frequently, start too early or stop too late. By readjusting TEST1 and

TEST2, only the balance of error types can be modified. However, these

20
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errors, happening generally at .low energy levels and for very short
durations_(see.Figube‘6), do:notyintrédQCe very noticeable distortions.
Nont%ainédn iisteners didf?ﬁét heaf défééts in the test set although
-graphic observation of =samplé words from that same set showed that
_approximately 10 to 20 percent of the words contain boundary errors.

s " . {i Sk ok i e A o e

5 . .Pitch Detection On-line

Tqé'bérform an .on—liﬁe pitch detection of continuous speech
there are two’' basic considerations: the number of instructions to be
execﬁted per unit of time of the sound, and the amount 1qf;$punqﬁ,k

buffering required.

5.1 Estimation of the Number of Instructions

The average number of "basic machine instructions" to be
eiecuted"per sample of the speech wave being analyzed: has been
eyélda#éd-by éounting'over a large set of words the average::number of
ﬁiﬁes each task is executed and evaluating the number of instructions
in each task.

The "basic machine ihstructions" selected for this purpose are:
adds, multiplies, divides, program controls and data  fetches. The"

'possible optimization 'of data fetch instructions with respect to the

22
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other instructions is very much machine dependent. Assuming a computer
having memory-register instructions and indexing, the worst case
estimation used in the following count is of one data fetch per program
"control instruction and two data.fetches for each of the other
instructions,

The main tasks to be executed are the unbiasing and . the peak
.energy calculations, the search for maximum peaks, the calculation of
XCORR, PTEST, TEST1 and TESTZ. & table showing the count of
instructions per task is preSented in Table T.

A . Yo S ol shin Wy ot TP o S s e e B S B

The unbiasing can be done in a ldop that requires 1PC and 1A
per sample. |

The peak energy ,calculation can also be done in a loop where
the'sign of each sample is tested so 1t.w111 requiré 2PC per samplef
Fof. the actual energy calculation, since the speech wave has been:
unbiased, on the average only .5A and .5M are executed per sample (see
: Section'2.1). |

The search procedure used in the firstguess and the subsequent
peak selectioﬁ.sections is used on the average once every 10 samples
and there is an average of 10 peaks to be tested each time. By using a
loop structufe, the procedure requires 20PC per call.

XCORR is used in TEST?1 and TEST2 and is calculated once every

80 samples on the average. If the average pitch period is of 6Q samples . -
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Table 1

;Count of Basic Instructions

&z

Number of instructions/taska

‘Tasks | Times/sample A M Dv{PC| D | - Iﬁstructions/éample
Unbiasing -. 1 1.0 1] 2| 18+ 1PC+ 2D
Peak energy 1 s 15 ] | 2] 8| e oM+
Search : /w0 20 | 20| 2PC + 2D
PTEST . 1/25 1 1.0 1} 2| 6| .0k + .OkDv + .0OBPC + .2LD
XCORR /80 3X60|3x60[ 1 720 | ‘1.58 + 1.5M + .OlD\_.r + 6D
TEST1 and TEST? 1/80 1.0 20| | 2] 8 LOlA + .OZM + .02PC + .OBD

Wote. Total instfuctions/sample: 34 + 3M + .05Dv + LHPC + 14D.

gA,= addition, M = multiplication, Dv = division, PC = program control, D = data fetch.




(aséuming a 10 KHz sampliﬁg rate), then the calculation requiées 60%34,
60%3M and 1Dv (see Section 2.2).

4s can be seen in Table 1, PTEST, TEST1 and TESTZ
contribute only by a negiigible .amount . to the total number of
instructions.

There are a number of qther operations performed each time a
section of the algorithm is entered or exited, bdtixeach of them
requires only a small number  of instructions and each séction is
entered at most once every 100 samples, so that their contribution is
at most an order of magnitude smaller than the 'total- ﬁumber of
instructions.

The total number of instructions per sémple amounts to:

34 + 3M + .05Dv + 4PC + 14D ,

With a medium-speed computer (5 ps per Multiply and 1 us per
other instruction)} it takes 36 ps per sample, which at a 10 Kz
sampling rate would leave 64 ps per sample for data management and

other overhead.

5.2 Sound Buffering

The "firstguess™ operation requires - the analysis of a
substantial portion of the speech wave before a decision 1s made. In
the present version of the program this portion is determined by the
maximum number of pitch pulsés ﬁhat can be searched in that section:

MAXNB + MLVS (actually 12 + 4). Such a method makes the amount of
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buffering required essentially dependent on the pitch period, but it
would be as efficient to fix a maximum duration of sound to be
investigated instead of & maximum number of pitch pulses. About .15
second of sound would be sufficlent to insure a good reliability. This
‘would be a substantial delay for live:transmission.of encoded speech

but would be suitable for on-line recording of encoded speech,

6 Conclusion

An algorithm for pitch detection_ was developed, using a time-
domain model of the speech wave with respect to its voicing/unvoicing
characteristics. Various mechanisms were developed to account for most
of the  cases where ﬁhe. speéch wave does -not match the -model. An
analysis of the correlation between the various parameters used 1in the
algorithm and potential pitch detection errors was made in corder to
find an adjustment of the parameters that would satisfy the requirement
of quality for the speech reproduced after linear predictive analysis
Iand synthesis, A4fter the algorithm had been adjusted with a test set
of 500 words, it was used to encode a vocabulary of 3000 words. By
listening to the synthesized version of that vocabulary, less than one
percent of the words were found to have noticeable voicing/unveoicing
errors, most of them due to creaks in the original recorded versions;
none was found having frequency errors. It was also shown that the

algorithm could be performed in real time for on-line applic¢ations.
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AP PENDIX A: Algorithm Flowchart
FIRSTGUESS:

SEARCHFTELD < minimm period

Y

MPKNB < ¢ 3
MPK[@] < SOUNDPOINTER

e

\
MPK[MPKNB+ 1) < SEARCH(MPK{MPKNB])

Increment

MPKNB < MPEKNB+ 1 SEARCHFTELD

SEARCHFIEILD
>

Meximum
period

YOI CED/UNVOICED DECISION

A

NG MPKE [ MPENB + 1]

>

Restore 2 RESTART FIRSTGUESS
;PK;) ' : after MPK!{MPKNE+ 1]
with MAXNB = MIVS

NG

Similar
pericds

{a) Flow diagram for FIRS TGUESS
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(APPENDIX A, cont.)

VOICED/UNVOICED DECISION:

+

T e 1
Calculsate
XCORR (MPK[I])

< T+1

UNVOIGED

-t

Y

Inzert I MPKs
as PITCH PULSE MARKERS

SOUNDPCOINTER < MPK([T]

l

- SELECTION OF SUBSEQUENT PEAKS

(b) Flow diagram for VOICED/UNVOICED DECISION
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(APPENDEX A, cont.)

UNVOICED:

MPK[TI] - last MARKER
> 10 ms

Ingert unvoicing MARKER
at last MARKER + 10 ms

Advance SOUNDPCINTER

!

SOUNDPOINTER <— MPK[1]

FIRSTGUESS

(c) Flow diagram for UNVOICED
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(AP PENDIX A, cont.)

SELECTION QOF SUBSEQUENT PEAKS:

SEARCHFIEID < 1.5 X {previous period)
MPK . €— SEARCH{SOUNDPOIWTER)

Insert MPK.
as a
~%—— PITCH PUISE MARKER

SOUNDPOINTER < MPK

SCUNDPOINTER <— MPK
TRYZ < true

et

Y

FIRSTGUESS

(d) Flow diagram for SELECTION OF SUBSEQUENT PEAKs
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(AP PENDIX A, cont.)

SEARCH(PTR)

PEAKs within
(PTR, PTR + SEARCHFIELD)
already calculated

TERMIATE

YES Calculate
more PKEs

entlf-

@

Return the positicn
of the PEAX of maximum
energy within

(PTR, PTR +SEARCHFIELD)

{e) Flow diagram for SEARCH procedure
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