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ABSTRACT

The first step in the recognition of continuous speech by machine is segmentation of the
utterance. The Harpy continuous speech recognition system, developed at Carnegie-Mellon
University, uses a segmentation procedure based on simple time domain parameters called
ZAPDASH. In this paper the parameters and the decision rules used in the segmentation are
described. Considerations in the choice of parameters are discussed briefly. The heuristics
used in arriving at some of the decision rules are aiso discussed. The performance of the
segmentation scheme is evaluated by comparing the results with the results of hand
segmentation of the waveform of the utterance. The results show an overall error rate of 47
in 34 utterances. However, even the error rate does not affect the recognition accuracy of
the Harpy system significantly because the scheme is designed to provide several extra
segments at the cost of speed of operation. The average duration of the segments obtained
by this technique was found to be 4.7 centiseconds. The robustness of the segmentation

scheme for noise and distortion in input speech is currently being investigated.
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1. INTRODUCTION TO THE SEGMENTATION PROBLEM

Recognition of confinuous speech [1] involves identification of the given utterance as one
of the several possible {(usually finite) classes by pattern matching. This requires determining

the patterns for different classes and then comparing the text pattern with each one of them.

The first step in the recognition process is to break the given utterance into different
sound classes. Unlike isolated word utterances, it is difficult to determine in continuous
speech where one word ends and another begins. Even if the classes chosen are the
linguistic units of speech called Phonemes (instead of words), it is a nontrivial problem to
identify the phoneme boundaries from continuous speech. This is because (1) phonemes are
not uniquely defined for a given language [2], (2) there is no one-to-one relationship
betw‘een the acoustic waveform and phoneme [3], (3} there are significant variations in
different repetitions of the same phoneme by a single speaker and from speaker-to-speaker,
(8) the characteristics of the acoustic patterns of phonemes exhibit much greater variability,
depending on the context, and (5) the probiem is complicated by noise and distortion in the

input speech signal [4].

One way to overcome the difficulties in segmentation is to settle for a less stringent
requirement. This may involve determination of boundaries associated with significant
changes in the acoustic characteristics of speech. The hope is that, once such acoustic
boundaries are determined, the segments between the boundaries can be assumed to have
stationary properties. The assumption may not always be valid since the parameters of
speech vary continually and rather abruptly sometimes. The parameters are usually
estimated by performing frame by frame analysis of speech. Such an analysus makes it
difficult sometimes to determine important acoustic boundaries occuring at abrupt changes in
the parameters. Moreover, the distortions and variations in speech sounds further ;omplicate

the identification of acoustic boundaries through parametric extraction.

From the above discussion it is clear that unambiguous segmentation, in an absolute sense,

either into phonemes or uniform acoustic segments or any other classes is not possible. For

2 given speech processing system the purpose and specific requirements of the segmentation

process need to be defined in order to devise a suitable scheme. The objective of this paper
is to describe the segmentation procedure adopted in the Harpy continuous speech
recognition system [51 The Harpy system operates on the basis that the continuous speech

is broken into acoustically uniform segments. Reference tempiates are created from the
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segments of a training data using the Ispeciral properties of the segments. Each of the
segments of the test utterance are compared with the reference templates by spectrai

matching. The larger the number of segments the betler it is for the accuracy of the system.

It is desirable to have a segmentation procedure that generates the smallest number of
segments for a given utterance. This will help in speeding up the recognition process. The
main purpose of segmentation, however, is to avoid labeling each analysis frame.
Segmentation will enable labeling generaily the uniform regions which represent the
stationary spectral characteristics. Thus inaccuracies in the labeling at the boundaries, where

the spectral features are likely to change rapidily, are minimized.



6 June 1978 : 4
2. CHOICE OF PARAMETERS

2.1. Basis for the ciwice

There were several attempts [6]-[14] to segment continuous speech into phonemic units
with the understanding that some phonemic boundaries may be missed and some acoustic
boundaries may be inserted where there are no phonemic boundaries. As discussed earlier,
such a result is to be expected due to contextual or coarticulation effects as well as
variations and distortions in speech signals. Another problem with segmentation is devising
an appropriate acoustic similarity measure which indicates a boundary if and only if there is a
significant change in acoustic characleristics.  Several segmentation techniques were
propased [6}-[14] using amplitude (or energy), zero-crossing and parameters representing

spectral features.

The complex nature of speech signal does not permit accurate segmentation by simple or
complex parameter sets adopting uniform decision schemes such as distance measures [15]
Different decision rules need to be adopted for each class. Some of these rules may be
based on the behavior of adjacent segments. 1t is generally difficuit to evolve these rules for
each class, using even complex parametric representation it it has no direct relation to the
waveform. Moreover certain segments are identified mainly on the basis of the parameters

of the adjacent frames, which is consistent with spectrogram reading [16]

These considerations led to the choice of simple time domain parameters called ZAPDASH
for segmentation in the Harpy continuous speech recognition system. Several decision rules
used in the segmentahon are heuristic and were evolved fram experimentation with several
segmentors. In this sechon the extraction of the ZAPDASH parameters is described. The
various decision rules and the basis of some of those rules are described in Section III and
V. The performance of the segmentation procedure is compared with hand segmentation
waveform in Section V and the accuracy is estimated on the basis of boundary locations.
Notice that the objective of segmentation is not to determine accurate boundaries of differemnt
classes of sounds. The purpose is only to determine segments having different acoustic
characteristics and piace a boundary where the characteristics are likely to have changed
placing more boundaries does not affect the system’s recognition accuracy. In this respect
this segmentation procedure is to be distinguished from those normally used in speech

systems. .



6 June 1978 5

2.2. ZAPDASH Parameters

These are Zero-crossing And Peak to peak amplitude of Differenced And SmootHed data.
The peak o peak amplitudes give information about the level of the signal. The
zero;crossings give information about the significant frequency component. Thus these
parameters reflect lime and frequency domain characteristics in a broad sense. Values of
these parameters in the low and high frequency regions are oblained from smoothed and
differenced data respectively. It appears logical that even simple parameters like these
should describe the gross acoustic features of a segment sufficiently well. Any complex
parametric representations, although characterizing a segment more accurately, is subjected
to large variations making its use more difficult for segmentation into approximately uniform

acoustic segments,

The analog speech signal from a close speaking microphone is prefiltered (85-4500Hz) and

sampled at 10K Hz. The samples are connected to 9 bit numbers.

Smoothing is essentially a low pass filtering operation on speech samples. In order to
perform this efficiently (by shifting and addition only), a finite impulse response .fiiter with
the following coefficients was chosen: -1,0,1,2,4,4,4,2,1,0, -1. The frequency Eesponse
of the filter is shown in Figure 1. It gives an aéproximate low pass response with a cut-off
around 1000 Hz. The, smoothed output is computed only once every five sampling instants
since the effect of high frequencies is negligible. This down sampling speeds up the
computation of the parameters. Differencing is accomplished by merely subtracting the value
of the previous sample from the present one. The purpose of differencing is to give high
frequency emphasis to data as shown in Figure 1. Figure 2 iilustrates typical smoothed and

differenced waveforms.

A frame width of 10 msec was chosen for computing the ZAPDASH parameters. From the
initial ten known silence frames the dc bias and the correction factors for noise are
computed. The dc bias is the average of all the samples in the silence frames. The peak to
peak amplitudes in each frame of the smoothed and differenced silence data are computed.
The difference between the maximum and minimum values of these amplitudes over the ten
frames for the smoothed data is denoted by ¢, and for the differenced data by ¢4. Zero
crossings are counted for all the subsequent frames only when the sample values cross the
zero band which is +0.25 €g for smoothed data and +0.25 €q for differenced data. The peak
to peak amplitude for each frame is cor_rected by subtracting 0.5 ¢, for smoothed data and
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0.5 ¢y for differenced data. The correction factors are applied for parameters computed for

bias corrected speech data.

Speech data following the initial silence frames is corrected for dc bias by subtracting the
bias value from each sample value before storing the data. By applying suitable thresholds
{discussed in Section IV}, the data following the ten frames of silence are tested to determine
whether they belong to silence class or not. Having determined the first nonsilence frame, a
few frames prior to it are aiso stored along with the speech data. We ‘will use SZ and SP to
denote the zero crossing counts and the peak to peak amplitudes of the smoothed data,
obtained after applying the corrections for noise fluctuations. Similarly D2 and DP will denote

the corresponding functions of the differenced data.

In order to compensate for changes in the overall level of the input speech signal due to
variations in gain or level of speaking, statistics for SP and DP are collected as foliows. The
number of times the SP (or DP) gets the values of 0, 1,2,... 511 are determined, From
these histograms (Figure 3) the SP and DP' levels, within which 907 of the SP and DP values
lie, would give an indication of the overall level. The actual vaiues of SP and DP for each

frame are normalized by setting the 907 levels at 450.
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3. NATURE OF SOME CLASSES OF SOUNDS

In this section we shall review the properties of some classes of sounds{[17]-[18] which
form the basis for segmentation procedure. The classes are stops and fricatives. These
classes are specifically chosen because the vocal tract system and its excitation change
rapidly and significantly during the production of these sounds. Moreaver, it is often difficult
to determine boundaries at which significant changes in the acoustic properties take place
because the signal level is low and the properties are somewhat unpredictable for these two

classes.

The main difference between stops and fricatives lies in the excitation. Stops are produced
by the shock excitation of the vocal cavities due to the release of the pressure build-up
behind a closure of the roal tract. The frication, on the other hand, is the ‘sound produced
from the turbulence due to air flow through a narrow passage. If there is voicing {vibration
of vocal folds) along with the normal excitations of stops and fricatives, the resulting sounds

are called voiced stops and voiced fricatives.

~ An unvoiced initial .siOp in a word usually consists of a silence followed by a short period
of aspiration followed by friction before the vowel begins. There is usually a measurable
concentration of fricative energy in the regions of higher formants throughout the aspiration
period, and it is difficult to decide whether at a given moment the pattern in these formants
represented bréalhy phonation (aspiration) or modulated fricalive energy. The onset of
voicing due to the following vowel is generally distinguishable because of the weak
concentration of energy at the frequency of the first formant during aspiration and friction.
For the voiced inilial stops the period of aspiration is absent, but thfe period of aspiration
following the spike due to explosion is usually more prominent than in the case of vaiceless
stops. The final voiced stops are often produced with full voicing and a :roiced release. The
beginning of the final voiceless stops is determined by the abrupt cessation of all formants
which is identified by the sudden decrelase in energy. It is to be noted that voicing is not
crucial to distinguish the stops /b/,/d/,/g/ from [p/,/t]./k]. The difference in pressure
release causes higher intensity bursts in [p/,/t/,/k/ compared to /b/,/d/,/g/. This accounts
for the well known fact that the bursts /p/,/t/,/k/ are often followed by an aspiration, which
is not present in /b/,/d/,/g/. Therefore, fhe acoustic correlates in the production of stops
are rapid changes in the short-time spectrum preceded or followed by a fairly long period

during which there is no energy in all the bands above the voicing component (>300 Hz).
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Unvoiced fricatives are characterized by significant energy concentration in the frequency
range beyond 3000 Hz. This is largely due to the nature of hiss excitation at the narrow
constriction created in the vocal tract. Voiced fricatives, on the other hand, have two
excitation components; hiss and voice source. For a given air pressure the acoustic intensity
of hiss component of voiced fricatives is inherently less than that of the corresponding

voiceless items.

Figure 4 shows ZAPDASH parameters for some examples of stops and fricatives. We shall
discuss some general characteristics of the parameters, although there is considerable
variation among several samples. The most important feature is that there is a sudden
change in the values of one or the other of the parameters indicating the change from the
adjacent vowel or silence segment. The parameters for [b/ show nearly uniform
characteristics within the segment with generally higher values for SP than for DP. The
beginning of /d/ consists of a silence followed by unvoiced fricative-like behavior with large
values of DZ (>30). For /t/ the values of SP are lower than DP and DZ is usuaily greater than
25. An unvoiced fricative is indicated by a sudden change in SP or DP values with DZ value
higher than 25. Voiced fricatives are usually similar to other voiced segments and hence can
be grouped with them most of the time. Besides these characteristics, if there is a short
duration {10 to 20 msec) segment within a long voiced speech, indicated by a sudden drop in
values of SP or DP or both, it can be interpreted as a stop or an unvoiced fricative within the
word. The presence of [h/, especially at the beginning of a word is usually detected by a

sudden increase in the value of DZ, although its absolute value is small (10 to QO)..
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4, SEGMENTATION PROCEDURE ¢

The procedure to segment an utteraﬁce into uniform acoustic segments using ZAPDASH
parameters will be described in this section. The procedure consists of several heuristic
decision rules based on the characteristics of different classes of sounds. The different
classes into which an utterance is segmented are denoted by SIL {silence), FRC {unvoiced
fricative, ASP (aspiration), PLS {plus), SPP (peak values of SP) and SPL (low values of SP). It
is to be noted that this nomenclature is quite arbitrary and the classes may not strictly
represent the true sound classes. However, as will be shown in Section V, boundaries are
correctly placed whenever significant changes in the acoustic characteristics take place. This

is the purpose of segmentation in the Harpy system as explained in the introduction.

The fiow chart for the classification is illustrated in Figure 5. The various decision rules at
each’ stage are denoted by Dy which will be explained later in this section. The first stage
divides the frames into two broad classes, silence and nonsilence, using suitable thresholds
for SP and DZ values. From the nonsilence group FRC class frames are isolated using a
different set of thresholds for SP and DZ. In the next stage short segments (< 20 msec) are

tested to determine whether they belong to ASP or FRC. This is performed mainly on the

basis of correction rules (D3) based on heuristics and from a knowledge of adjacent frames.
Low leve! voices segments as in the voiced stop /b/ are called PLS (plus) and.are separated

from the unclassified segments after stage 3. At the end of stage 4 another set of correction

rules (Dg), based on the knowledge gained so far, are applied to short segments (< 20 msec)
in the entire utterance (except SIL and ASP classes) to reclassify the segments into SIL, FRC,
PLS and the rest. The unclassified segments at this stage are checked for the presence of
ASP by observing the beginning of each of these segments. The remaining unclassified
frames are split into low (SPL) and high (SPP) amplitude classes. In the final stége all the
long (2 60 msec) nonsilence segments in the entire utterance are further subdivided by
observing for significant changes in the ZAPDASH parameters in the regions. This region
splitting is necessary since the Harpy system works better for over segmentation but does
not recognize a missing phOne' in under segmentation. This also helps in placing a boundary

at the transition from one vowel to another.

In the segmentation a recursive subdivision of the utterance into smaller segments is
performed. Al several stages double thresholds for the parameters are used. One of the

thresholds allows the detection of the presence of a particular class and the other threshold
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helps in determining the extent of the segment of that class. In the following we shall

describe the various decision rules briefly.

D;: Silence Detection

To be labeled as SIL (silence) a segment must have at least one frame with an SP value not
greater than 7 and one frame with a DZ value not greater than 10. The segment will then be

extended to include ali adjacent frames whose SP values are not greater than 15 and DZ

values are not greater than 20. Figure 6 shows the decision thresholds for SIL detectlion.
Figure 7 shows the result of classification using the decision rule Dy.

Do: Fricative Detaction
An FRC segment must have at least one frame whose SP value is not greater than 20 and

one frame whose DZ value is at least 45. The segment is then extended to include all

adjacent frames with SP value not more than 40 and DZ value at least 25. Figure 8 iilustrates

the decision rule D,. Figure 9 shows the result of application of Dp.
Dg: Correction Ruies
The following rules are applied to merge some short (< 20 msec) segments, .
1. One or two frames of unlabeled segment following a silence are renemed as ASP.

2. An unlabeled segment of one or two frames after a FRC is merged with the FRC.

Figure 10 iliustrates the application of these correction rules.
Dg: Low Ampiltude Detection

To be labeled as PLS, there must be at least one frame with SP less than 25 and one frame
with DP less than 25 and then the segment is extended until SP or DP value exceeds 50

(figure 11). Some examples of PLS detection are shown in Figure 12.

Dg: More C_orredion Rules

These are another set of fix-up rules applied to take care of short (m 20 msec) ambiguous
segmenis.
I. One or two frames of PLS following a FRC is merged with the FRC.

5 One or two frames of PLS followed by FRC or SIL is merged with the FRC or SiL.

3. One or two frames of unlabeled segments following a PLS is merged with the
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next segment.

In Figure 13 several examples are given to illustrate the application of these ruies.

Dg: Asperation Detection

The first frame of each unlabeled segment and one frame on either side are checked for an
isolated peak in the ratio DPfSP. If found, such the frame with the peak in DP/SP is

designated as ASP. Example of ASP detection based on this rule is shown in Figure 14.
D7: Dip Detection

The unlabeled segments are checked for the presence of significant dips in SP values. If
such dips are found, the segments are subdivided into SP dip (SPL) and SP peak {SPP)
regions. The presence of dips is identified by using the convex hull operatian illustrated in
Figure 15. First the largest SP value (frame 154 in Figure 15a) is located. From either end
of the segment a contour connecting all the nondecreasing values of SP up to the peak is
drawn as shown by the dotted line in Figure 15a. The largest difference between this
contour and the SP curve is determined (at frame 166 in Figure 15a). If this difference is at
least 70 and the SP value at the frame is no more than 707 of the value on the contour of
the value on the cohtour of the convex hull, then the dip is considered significant., The
convex hull contour is modified to inciude this dip as shown in Figure 15b. The remaining
portions of the segment are analyzed further by the same convex hull operation until ail the
significant dips are isolated and included in the convex hull contour as showﬁ in Figure 15c¢.
A segment boundary is placed between each peak and the adjacent significant dip in the final
convex hull contour in Figure 15¢ as follows. Calculate 1507 of the SP value at the dip and
the average of the SP values at the peak and dip. Place a boundary either at the paint
where SP values is just above the smaller of these two values or at the point of the greatest
é!ope of the SP contour whichever is closest to the dip. If a boundary would be placed
within three frames of the end of the segment, the new boundary will be moved back to
assure a minimum length of three frames. In Figure 16 the resuit of the convex hull operation

in SP dip detection is illustrated.
Dg: Region Splitting
The procedure described in this section breaks up large (2 60 msec) nonsilence segments

into smaller segments whenever there is a significant change in the values of any one of the

ZAPDASH parameters. To describe the significant change let us consider the SP values. The
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first frame of the segment is ignored because it may have iransitional characteristics of the
parameters. The n the running mir.mimum and maximum SP vaiues are set to the SP value of the
sacond frame initially. Starting from the third frame onwards the minimum and maximum of SP
values up to that point are computed. If the new minimum, muitiplied by a factor (to be
discﬁssed), is less than the new maximum at any frame then il indicates placement of a
segment boundary. The mﬁltiplication factor starts at 2.4 for the third frame. Thus it requires
very large change in ZAPDASH parameters to force a short segment. However, the factor is
progressively reduced by 0.1 for each additional frame tested, untii the fifteenth frame and

for further frames the factor is kept constant at 12,

The spread of vaiues in any one of the ZAPDASH parameters can force the placement of a
segment boundary. First the frame that has the greatest slope in the value of the significant
parameter is determined. Then a boundary is placed at a point, in the vicinity {+2 frames) of
the above frame, where the majority of the ZAPDASH parameters have greatest siope. The
procedure looks for such a frame only in the second half of the segment up to the present

where the boundary placement was forced by the significant parameter.

Skipping one frame from the new boundary, this region splitting aigorithm is executed over
the remaining portion of the original segment. Figure 17 illustrates the appiication of the
region splitting algorithm.

-
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5. PERFORMANCE EVALUATION

In this section we shall describe the resuit of the segmentation procedure discussed
earlier. First we shall consider the application of the procedure on one utterance in detail
The performance of the segmentation is then evaluated by comparing the final segmentation

with the result of hand segmentation of the waveform of the utterance.

The utterance, "D0O YOU HAVE ANY NEW PAPERS ON SPEECH UNDERSTANDING" spoken by a
male speaker, is considered for illustration. All the simple values of‘ the speech data are
represented as 9 bit positive numbers i.e., the values range from O to 511. The length of the
utterance is 235 centiseconds starting from an arbitrary time reference.of 48 centiseconds

and extending up to 283 centiseconds. The total number of frames is therefore 235.

The peak to peak amplitudes of the differenced (DEPS) and the smoothed {(SEPS) data and

the bias values for the first ten silence frames are given below.

FRAME NUMBER  DEPS SEPS BIAS

1 [ 2 2

2 3 3 2

3 4 2 2

&4 & 2 3

5 3 2 2

B 4 2 3

7 3 2 2

8 3 2 3

9 2 3 3

- 1@ 4 2 3
Average values 3 2 252

The average values are the truncated values of the actual average Over the ten frames.
The maximum values of SP and DP are 580 and 610 respectively. Although the speech data
has values in the range O to 511, the smoothed and differenced speech data can have values
in a much higher range than 512. The 907 values of SP and DP are 343 and 378 respectively
which are obtained from the histograms for the values of SP and DP. Using the average
values for the bias, DEPS, and SEPS the values of the corrected ZAPDASH parameters for all

the frames are computed and stored.

When the decision rule (D;) for silence detection is applied the following segmentation is
obtained. The numbers here refer to time in centiseconds and NiL reters to the unlabeled

frames.
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Segmentation at the first stage 1:

48 SIL B1 NIL 126 SIL 138 NIL 148 SIL 188 NIL
183 SIL 188 NIL 199 SIL 281 NIL 232

For all the uniabeled segments above, the decision rule {Dp) for FRC detection is used to split
them into FRC and NIL where NiL refers to the uniabeled segments at the end of stage 2:

61 FRC B4 NIL 126

13@ NIL 131. FRC 133 NIL 146

153 NIL 159 FRC 163 NIL 176 FRC 182 NIL 183
188 NiL 193

2B1 FRC 288 NIL 229 FRC 241 NIL 282

At this stage the correction rules Dy determine that the frame 130-131 is designated as ASP
and that the frame 182-183 is merged with the FRC in 176-182.

‘The uniabeled segments (NIL) are checked for the presence of PLS using the rules Dj.
Segmentation at the fourth stage:

64 NIL 126

133 NIL 145 PLS 146
158 NIL 158

163 NIL 176

188 NIL 198 PLS 183
288 NIL 223
241 NIL 272 PLS 282

The correction rules DOg combine the frame 145 PLS 146 with the segment 146 SIL 150 and
the frame 198 PLS 199 with the segment 199 SIL 201.

The rule Dg uses the ratio DP/SP and determines that the segments 150-151 and 188-189
belong to ASP class.

Results of SP dip detection from convex hull operation are summarized below.

B4 SPP [Max Slope @ 85; Thr @ 87; 1.5 SPO = 184, Av = 441]
87 GSPL [Max Slope e 98; Thr & 30; 1.5 SPO = 184, Av = 356)
9@ GSPP (Max Slope @ 33; Thr @ 93; 1.5 SPO = 228, Av = 378]
99 SPL [Max Siope @ 1Bl; Thr e 1Bl 1.5 SPD = 228, Av = 248]
181 SPP [Max Slope @ 183; Thr @ 189; 1.5 SPD = 153, Av = 224]
183 SPL [Max Slope ® 116; Thr e 116; 1.5 SPO = 163, Av = 188)
116 SPP 126 '
133 GSPP 145
151 SPP 153
163 SPP 176
189 SPP 1398
288 SPP [Max Slope @ 212; Thr
215 SPL [Max Slope @ 223; Thr
223 SPP 223
241 SPP [Max Slope @ 246; Thr @ 261;
261 SPL [Max Siope & 265; Thr e 2853
265 SPP 272

215;
223

182, Av = 216]
182, Av = 187]

R ®
-
U"lf.n U'|U'|
wwm
”U'U
0o
nn

= 54, Av = 216]
= 54, Av = B8]

®
i
mcn
DD
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The parameters in the brackets are computed 1o determine the boundary. For example, in
the interval between the first peak and the following dip in the convex huil contour for SP,
the maximum slope occurs at 85 and the threshoid at 87. The threshold is determined by the
minimum of 1.5 times the SP dip (SPD) value and the average of the peak and the dip values.
In this case the minimum of 184 and 441 is 184 and it occurs at 87. Since 87 is closer to the
dip, a boundary is placed at 87. A similar procedure, to determine the other boundary for
SPL, is followed in the interval between the first dip and the next peak. The. boundary
appears at 90 and therefore the interval 64 to 87 is designated as SPP and the interval 87 to
90 as SPL. The procedure is continued along the convex hull contour to determine all SPL

segments.

Segmentation at the end of Stage 7:
BEGIN TIME  SEGMENT CLASS END TIME OURATION (c sec)

48 SIL 61 ' 13
23% FRC 64 3
64 SPP 87 23
87 SPL 98 3
38 SPP 93 3
39 SPL 181 2
181 SPP 189 3
183 SPL 116 7
116 SPP 126 ia
126 SIL 138 4
139 ASP 131 1
131 FRC 133 2
133 SPP 145 12
145 SIL 159 5
150 ASP 151 1
151 SPP 158 8
153 FRC 163 4
163 : SPP 176 13
176 FRC 183 7
183 SIL . 188 5
188 ASP 183 1
183 SPP 138 S
1398 SIL 281 3
281 FRC 2088 7
288 SPP 215 7
215 SPL 223 3
223 SPP 223 6
223 FRC 241 12
241 SPP 261 2@
261 SPL 265 4
265 * SPP 272 7
272 PLS 282 18
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[~
The final stage of segmentation consists of region splitting, the results of which are

summarized below.

Summary of region splitting operation:
MF = 2.8) OP (222,258;444) DZ (42,4B,84) SP (157,367;314) SZ {5,5;18)
break caused by SP at 71. max siope at 71 (8 8 1 2 1) seg at 72

(MF = 2.8] DP(488,652:808) DZ(12,27:24) SP{498,758:848) SZ(9,12:18)
break caused by DZ at 79. max slope at 77 (B8 8 4 8 B) seg at 77

(MF = 2.8]1 OP(323,0685:646) DZ(12,33:25) SP(488,768:848) SZ(8,12:18)
break caused by OP at 84. max slope at 84 (B 8 1 1 2) seqg at 86
moving seg back to 84 '

(MF = 1.9] DP(38,171:72) DZ(6,38:52) SP(85,275:384) SZ(3,7:12)
break caused by DP at 124. max slope at 124 (8 8 4 B B) seg at 124
moving seg back to 123

(M~ = 1.7]1 DP(35%4,614:681) DZ(33,43:53) SP(388,498:548) SZ(3,9:9)
break caused by OP at 143. max siope at 148 (81 2 B 1) seg at 148

(MF = 2.8]1 DP(177,373:354) 0Z(24,28:58) SP(288,451:6687) SZ(9,11:18)
break caused by OP at 178, max siope at 178 (8 8 1 2 1) seg at 171

(MF = 2.21 DP(73,134:168) DZ(47,78:183) SP(18,35:22) SZ(2,9:11)
break caused by SP at 18l. max slope at 181 (B8 8 2 2 @) seg at 181
moving seg back to 188

MF = 2.2] DP({16,40:35) DZ(5,3:11) SP(68,94:289) SZ{4&,5:11)
break caused by DP at 228B. max slope at 228 (8 8 2 1 1) seg at 228

[MF = 1.9 DP(52,173:98) DZ(68,67:128) SP(2,9:28) SZ(8,5:18)
break caused by OP at 237. max slope at 237 (8 8 2 1 8) seg at 237

(MF = 2.8} DP(147,321:234) DZ(33,45:81) SP{163,288:384) SZ{7,18:14)
break caused by OP at 248. max siope at 246 (8 @ 3 1 8) seg at 248

(MF = 1.6] DP(38,191:48) DZ(22,46:57) SP({66,198:265) SZ(4,9:18)
break caused by DP at 257. max slope at 257 (8 1 3 8 8) seg at 257

(MF = 2.8) DP(4,8:20) DBZ(3,14:18) SP(18,26:642) SZ(2,4:18)
break caused by DZ at 273. max slope at 273 (81 21 B} seg at 279

In the first segment 64-87 the first significant change is detected by SP at 71. The
running minimum (157) mulliplied by the factor MF (2.0 in this case) yields 314 which is less
than the running maximum (367). It is to be noted that for all other parameters the running
minimum multiplied by MF gives the third entry in the parenthesis, which is greater than the

running maximum (second entry). The maximum slope in the significaﬁt parameter (5P in this
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case) has occured at 71. Therefore in the range 69-73 (71 = 2) the frames at which the
greatest slopes in the ZAPDASH parameters occur are determined. The values (00 1 2 1}
indicate that no parameters have their greatest slope at the frames 69 and 70, and one frame
has its greatest slope at 71, two at 72 and one at 73. The boundary is therefore placed at
72. The segment from 72 onwards is considered again for further splitting. The final
segmentation result is shown in Figure 18. A listing of the program for segmentation in SAIL

language is given in the Appendix,

The performance of the segmentation is evaluated by comparing the results with hand
ségmentation of the waveforms for several utterances. A total of 34 utterances was
considered. The waveforms of these utterances were segmented by observation. It is not
difficuit to determine from the waveform the boundaries at which significant changes take
place except in the intervals of long vowels or vowel transitions as in diphthongs. While
comparing with the machine segmentation, errors up to +!1 frames are generally ignored. This
is because some boundaries cannot be determined very accurately especiallly when a
transition occurs within a frame. Only the presence of the boundaries of hand segmentation is
checked in the machine segmentation. If the expected boundaries is nc;t found, then an error
is marked. The exira boundaries in the machine segmentation are ignored for purposes of
comparison. This is because the scheme is basically designed to provide ;xtra boundaries for
improving the recognition accuracy of the Harpy system. The table below summarizes the

performance characteristics.

Summary of segmentation performance:

Number of Number of ‘Number of Number of
M/C segments Hand segments extra boundaries errors
1214 947 287 37

The nature of errors is illustrated in the example shown in figureé 19 and 20. The thick
vertical lines correspond to hand segmentation of the waveform. 1t is to be noted that the
errors caused by machine segmentation in figure 19 are at locations in voiced positions
where the changes in amplitude do not necessarily mean changes in the acoustic
characteristics. Most of the errors are of this kind although there are cases as shown in
figure 20 where the missing boundary in machine segmentation at 112 csec may be critical.
A careful analysis shows that out of the 37 errors there may be less than ten critical errors

which are due to missing boundaries in the machine segmentation. Moreover, in most cases
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there is usually a boundary within + 2 frames from the expected one in the machine
segmentation, Hence the errors caused by the segmentation procedure do not affect the
performance of the recognition system significantly. The total number of frames in the 34
utterances was 5762,  Since there are 1214 machine segments, the average duration of a
segment is 4.74 csec. The average duralion of a segment is an indication of the efficiency of
the segmentation procedure, the longer the duration‘ the better the procedure. This is
because time for labeling and the following search procedure for the recognition are

dependent directly on the total number of segments in the utterance.
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6. CONCLUSIONS

We have described a segmentation procedure based on simple time domain parameters and
heuristic decision rules. The procedure vyields segmentation sufficiently accurate for
obtaining good recognition in the Harpy System. It is to be noted that the purpose of the
segmentor is not to determine phonemic boundaries but to break the utterance into nearly
uniform acoustic segments. The procedure is designed to yield sufficiently large numbers of
segments for good performance of the Harpy system. Placing more boundaries does not
affect the recognition accuracy but slows down the recognition process. In this respect this
segmentation scheme is to be distinguished from those normally used in speech recognition

studies.

it is quite likely that the segmentation procedure may not be robust enough to work
equally weli for input speech corrupted with noise and distortion. This may be partly due to
the decision rules which are based on the parameter values for clean speech. Qur future
research is directed towards the issues of noise and distortion and their effect on

segmentation.
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LAC12: IS RESOLUTION THEOREM PROVING MENTIONED IN AN ABSTRACT

c sec OP Dz SP 5Z

301: 581 19 567 12 a
382: 312 16 452 g a
383: 7 10 36 4 b
3B4: 7 5 26 5 b
385: 3 2 21 2 b
386: 3 3 23 2 b
387: B B 21 3 b
308: 5 2 17 2 b
389: 63 51 13 7 3
318: 113 B4 i@ 4 8
LAD3: DO YOU HAYE ANY NEW PAPERS ON SPEECH UNODERSTANDING
c sec DP Rz SP 52

59: 1 a8 2 B -
E8: 2 2 1 4] -
Bl: 4% 36 19 4

B2 78 B4 19 1 d
B3: 78 45 23 3 o
B4 55 35 1186 4 U
B5: 136 53 132 5 uu
BB 223 44 157 5 uy
LAD4: GIVE ME THE BATE OF THAT ABSTRACT
c sec pP DZ SP SZ

197: 174 i6 173 8 a
198: 181 - 28 188 8 a
199: 55 11 23 2 a
.288: 1 ) 8- 1 -
291: %) B 1 B -
282: 1 9 1 ) -
283: 2 1 2 1 -
2084 2 2 2 1 -
285: 2 3 1 B -
286: 2 1 3 1 -
287: 8 "3 B 3 -
288: 6 (3 & 2 -
289: B B 1 ) -
218: B B 1 8 -
211: 51 14 14 5 t
212: 74 B4 14 7 t
213: 56 4B 19 3 t
214 25 456 b 8 t
215: 14 34 4 5 t
216: 18 21 5 5 t
217 4 11 3 3 t

Figure 4: Examples of ZAPDASH parameters for tbl ldl It!



LAD3: DO YOU HAVE ANY NEW PAPERS ON SPEECH UNDERSTANDING

c sec oP bz 5P SZ
226: 96 38 123 5 r
2271 97 38 182 4 r
228: 184 57 48 3 r
229: 155 56 - 11 2 8
238: 166 B4 11 4 ]
231: 115 65 7 1 3
232 120 67 7 1 5
233: 173 BS 3 5 8
234 148 (4] 9 3 ]
- 235: 182 67 3 5] S
236: 183 B4 B ) 8
237: G2 .B2 2 8 8
238: 38 &6 2 B t
. 233: 57 . . B3 - 6 A t
- 248: - 53 - 69 7 B t
261y 45.° 52 53 . 1 a
. 242: 195 . . 37 182 7 a
243: 253 48 254 8 a
LADZ2: HAVE ANY NEW PAPERS BY NEWELL APPEARED
c sec [P D7 SP - 8Z
59: 1 a 1 2 -
&8: 3 5 1 B -
B1: | 29 4 8 h
B62: 22 32 14 3 h
B3: 32 38 18 9 h
B4 23 33 118 7 a
65 182 25 213 8 a
BE: 251 27 334 9 a

Figure 4: Examples of ZAPDASH parameters for |s] |h
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Appendix A: Program Listing

entry j
begin “"segmentor”
require "baysal.zalla719s280]" sourceliile;

! this is SEGMNT.sal, the segmentor for HERRSAY I! and HARPY
| author 6 S GILL
| sesxsztrsdnsnss

‘Directory of Segmentation procsdurss:

The first thres proceduras relate 1o the sxtraction of the ZAPDASH paramters, the
remalning procedures ars part of the segmentor,

S5IN(referance Intager BUFPTR,DEPS!,SEPS!,BIAS! intager SETFLG)
Semi-Static Init. Initiaiize dcblas & width of zaro band from inltial ’xilsnce’.

GETSTATS(reterence integer BUFPTR,DP,DZ,SP,S2)
returns the & ZAPDASH parsmeters for one frame of 128 sampias ztarting at BUFPTR,

STATS (refarence intager BUFPTR,DMAX,DMIN,DZ,SNAX,SHIN,S2)
ZAPDASH paramater sxtraction procadure., Takes 58 samples pointed lo by BUFPTR and
returns the maximum and minimum ‘eveis of differenced and smoothed data. Riso
returns the number of zero crossings for each. liritten in assembler for speed.

SEGHENT(integar UTTBEG,UTTEND raference integer RNUN integer array RBEG,RTYP,PARS)
This Is the procedure which follows tha flow chart in figure 5. The correction
rules are imptemsnted in-line, the othear rutas by procedurs calls.

COMSEG (integer STRT,FIN,DETCOD,REJCOD hoolean procedure KRECESS,SUFFIC)
Called by SIL FRC and PLS detectors, CONSEG splits the segmant starting at
frame STRT through frame FIN Inte DETECTED{SIL,FRC,PLS} and REJECTED(NIL)

typss by tesiing ths double thre;holds reprssented by the procedures NECESSary
and SUFFICient.

SILDET(integer STRT,FIN)
Divide a sogment (actually the whole utt) into siience and non-silence segmants.

A sub-segment is labelled silance {1 sach ol iz necessary and sufficlent
conditions are met.

UFRDEY (integer STRT,FIN)
Divide an unlabeled ssgment ints Fricative and non—iricative segments. R

sub-segment s labelled FRC iff each of Its nacessary and sufficisnt condltieons
are met.

'‘PLSDET (Intager STRT,FIN)
Divide an unlabelled segment into low amplitude (PLS) and non-PLS segmants. R

sub-sagment is labelled PLS il sach of ils necessary and sufficient candftions
are net. .

ASPDETCinteger STRT,FIN,LTYP}

Called for mach NIL seg before SPDIPS. 1If the typs of 1he precasding segment
(LTYPY is SIL check for an Isolated pesk within | frame of STRT. If found
label It RSP.



SPDIPS (Intager STRT,FIN,LTYP)
Split the unlabeled sagment from frame STRT through frame FIN Into peeks and
; dips In the SP ZAPDASH parametier. OSplit only i{ the segment [s over SBmsec long.

i VEXHULL (intager ST,FI,DIPHIN,DIPPCNT inlteger srray F)
Convex hull algorithm, It smooths the signal by selecting only dips which are
significant snough to labsi.

DIPDET(integer STRT,FIN,DETCOD,REJCOD integer array FUNC integer TALOUR)Y
Dslect dips In convex hull, and ssgment beiseen sach dip-peek and
peek~dip pair.

" FPERK(integer $,F Intager array V1
; Finds tha first peak in convex hull betwean frames S and F.

. FOIPtinteger S$,F integer array V)
Finds the first dip In convex hull belueen frames 5 and F.

DIPSEGC(integer P,D integer array F)
Segment betueen peek end dip at point ol max slope or point where valus goes
over 1587 of dip or over averags of peek and dip values whichavar Is closest
to dip.
REGSPLIT(Integer STRT,FIN,TYPE reference Inleger SNUM}

) If tha segment from {rame STRT through FIN is over 68 msec, check the spread of
the ZAPORSH paramsiars from irame to frama. [f the levels changs slgnlficantly,
split the segment.

GETCUR{integer FRANE}
It FRANE Is @ initialize min/max values lo zero, otharuise gat the ZAPDASH
paramters for this frame and update the min/max vaiuss,

COMPARE (integer LOC,STRT)
Compare the maximum levels of ZAPDRSH parameters with the minimum = PRCNT.
1t the levels are sufficiently spread io forcs 2 segment boundary, return an
Indicator of which parametsr forced the boundary.

SEGAT(integer STRY,FIN,TYP,TYPE refsrence Integer SN}
Lavels of the *TYP’th ZAPOASH parameter batween 5TRY and FIN were found to be
sufficiently different to force a boundary, SEGAT decides where to place that
boundary by iooking for the frame with the largest slops of the ZAPDASH parameter
which caused the spiit and sxaming the siopes of tha other 3 parameters for a
small region around that frame.



require "{1 ()" dalimiters;

ifer not declaration(notlive!version) thenc define notlivelverslionsirue; endc

! csave space |f compiling only a live demo version

deflne MAXSEG = 288, MAXFRANES = 1068;

1 thresholds |

define SILSPHI=1S, SILSPLOK=?7, SiLDZHI=28,
UFRSPHI=48, UFRSPLOH=2@, UFRDZHI=45,
PLSSPHI=5], PLSSPLOW=25, PLSDPHI=5],
SPDNIN=20, SPDPCNT=78, SPTALB=2,

ASPSPMAXx=108,  ASPDSMIN=175,  ASPMINL=2;

| definitions of ZRPDASH indexes and sagmant types
define NAXISEGINANGT;

dafine DPDEX=1, DZDEX=2, SPDEX=3,
defins NIL! = I, SiL! = 2, FRC! = 3,
PLS! = 5, ASP! = 6, SPL! = 7y

cafe internal integer array PARS[1:NMAAFRANMES,1:4);
safe internal intager array AVPARS[B:MAXSEG, 1:d];
safe internal integer array SPHULL [1:MAXFRANES])
intarnal integer S5P38,0P38y

safes [nteger array SBEG,STYP{1:PMAXSEC],

internal integer UTTBEG,O0FFSET)

internal integer SNUM;

boolean SILIFRST,UFRIFRST,PLSIFRST, SPDIFRST;

define dumpl!mode=true;

SILDZLOU=18,
UFROZLOW=2S,
PLSOPLOM=2S,
SPHINLeS,

SZDEXx4 )
SPPY « 4,

— e . s e e —

halds ZAPDASH parameters |

holds average ZRPDASH pars for each segment j
holds convex hull ;

98 Xile values of SP and QP

begin time and type of each sagmant

begin time of utterance ;

sagment numbher ;

used in dump!mode }

jfcr not declaration(dumpimoda) thenc define dump!modeztalsa; ende

define dumpout(fiag,x)=
{1 fer dump!mode

thenc if (dumpall and flag and chd>8) then outlchd,x)}

aissc '
endc
by

ifer ﬁump!moda
thenc internal boolean CHD,CHP,CHF,DUNPRLL , DUNPARS)

string array SEGNAMES (B:NRXISEG!INAN];
sndc

| channals and flags for dumps ;
prelcad!uith “"out!of!range”,"NIL", "SIL", "FRC", "SPP" "PLS", "ASP","SPL";
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for i+l thru NURMSRMPLESZS do ] calculate L smooth(-1 B 124 4 4218-1)3
begin | sample for every 5th original sample }
define GETPOINT=
{8YTE« i |db (BUFPTR) -BIRS1y ! gat zample & subtract deblas
LASTPT-BYTE-LASTPT; | caleulate difference sample
DMINCDHIN min LASTPT; | save min/max ditf value over frame |
DMAX+DNAX max LASTPT
LASTPT.BYTE;
by
GETPOINT;
SHRSNA+4+BYTE}
GETPOINT;
SMA-SHA+2:BYTE;
SHB-SNB+BYTE;
GETPOINT;
SHMASHA+BYTE;
SMB~SHB+23BYTE;
GETPOINT;
SHB-STB+4xBYTE
GETPDINT,
SHA- (SMA-BYTE) ;
SHIN<SHMIN min SHR;
SHAX.SMRX max SNAy
SHA-SHB+438YTE;
SNB—BYTE;
end; R
DEPS | «DMAX-DHIN} ! range of differenced zamples ;
SEPS |« (SHAX-SHIN+8) ash ~4; | divide by sum of {1|tar(16)
and"ssin”;



P ottt i e S b S R S S X E X E AR AN I LA AL ILALILICIDICILILARILILICILLELE2C2LE |
internal simple procedure STRATS(refarance Integer BUFPTR,ONAX,ONIN,D2Z,SHAX,SMIN,S2);
Dt g E R R NI R R G R E AR A R L L IR ILILIRILIOICILILITICILICICILALIL IS IS ILINICT |
bsgin "statis”
! ZAPDASH paramster exiraction procsdurs. Takes 58 samples poinied
1 te by bufptr and return max & min levels of differenced and
1 smoothed data, Rlso returns the number of zero crossings
! for each. HKHritien in assambier for gpeed,
H
starticode "squees”
label| LOOP,L11,128,012,022,013,L23,0L14,024,115,L25,L16,L26
! assign accumulalors ;
dafine PTR=8, R=i, Bx2, THP=3, MAXD=4, MIND=5, NAXS=6, MINS»7,

RCBIRS=’18, Is'1l, SA="13, SBa’lé;
rede{ine NUMSRMPLES=58; 1 half frams {5 m sec)
defins LAB=8;
defina ZEROXINGS(AC,L)=

| redefine LAB=LRAB+{; | creats unique labels |

redefine Ll="L1"&cvins (LAB);
redefine L2="L2"4cvms (LRB);

: redefine L2="L"&"2"; | translates to D2, 52
% redefine LZERO="L"&"ZERD"; | DZERO, SZERO
: redafine LNZERO="L"&*NZERO"; ! DNZERD, SHZEROD 4
; redefine STATE="L*&"STATE"; I OSTRTE, SSTRTE
" EAML  AC, LMZERO;
JRST Ll
SKIPG STATE; | > B if approaching 8 from above eise < & 4
JRST  L2;
. MOVNS  STATE;
| ADSA LZ
Li: - CANG AC, LZERD;
; © JRST L2
SKIPL  STATE;
JRST L2y
HOVNS  STATE;
ROS LZ;

L2:
by

dafine MINHRX(RC,L)=

i redafina MAXL="MAX"&"L"; I HAXD, MAXS ;
redaflne MINL="BIN"&"L"; I HIND, HINS
CAMLE  AC, MAXL;
MOVEH  AC, MAXL;
CANGE  AC, MINL;
HOVEN  AC, MINL;

1 .

redeiine GETPOINT=

i ILoe R, PTR; | geat point §
sug R,ACBIRAS; | convert from axcess 7488 ;
SUBM R, Bs | B=h-B, B iz previous point
HINMAX (B,D); | min,max differences j
" ZEROXINGS (B, D), { # zero crossings for differences }
!

WOVE 8, Ry
ts .

save this point for next difterence §



MOVE  PTR, BUFPTR;
SETZB  HAXD, MAXS;
SETZB  HIND, RINS;
HOVE SR, SHA,

MOVE S8, SMB;

nOVE 8, LASTPT;

HOVE  ACBIRS, BIRS;
NOVELI I, NUMSAMPLESXS;

LooP: '
GETPOINT; { get flrst point |
RSH A, 2 :

ROD SA, Ay 1 +4 2Ry
GETPOINT; ’ | get sacond point j
add SB, R;

ASH R, 1;

ADD SR, Ay l +2sR;
GETPOINT; | get third point g
RDD SR, A3 I+ 1R

AsH A, 1

ROD S8, #; l+2=2R
GETPOINT; I fourth i

asH - R, 23

ADD SB, Ry

GETPOINT; _ ! get fifth point §
SUB SA, A

ASH SR, -4; I divide by 16
HINMAX(SA,S5) I min,max of smoothed paints ;

ZEROX INGS (SR, 5);
MovE SR, SB;
MOVN S8, Ay
RSH R, 2
ROO sA, R;

# iero crossings for smoothed points

S0JG 1,L00P; ! go get another & points till you get a hundred ;

MOVEM SR, SiR;

MOVEHM  SB, SMB;

MOVEN B, LASTPT; j
MOVEM PTR, BUFPTR; i
MOVEM  MIND, DMIN; '
MOVEM  NMAXD, DRRX;

HOVEM  NINS, SNMIN;

NOVEM  PMAXS, SMAX;

end "squeas”;

end "stats";



! t#ﬁ#t*ﬁ*t#t#t#t#t&t:c:tﬁt##3t#$#t3t#:$t:t$t:tzt#t:t::#t#t#t#t:t#csté# 3

internal simple procedure GETSTATS (reference integer BUFPTR,DP,DZ,5P,52))

i ﬂ##*ﬂ##3!’##3#:ﬁt‘###t#$$$#¢$$$¢$¢#tﬂt’3$$ti##$3t##3*3%#t$t*$‘3$3:3#$$3#*$ H

bagin "getstats”

| return ZAPDRSH parameters for 188 samples starting al bulptr.

H
intsgar DRHRX,ULHRX,DRHiN,DLNIH,SRHRX,SLHR!,SRHIN,SLHIN|
STRTS(BUFPTR,DRHRX,DRHIN,DZ~8,SRHHX,SRH[N,SZ~8)| | cale lst half of frame
STRTS(BUFPTR,DLHHX,DLHIN,DZ,SLHHK,SLH!N,SZI; | cale 2nd haif of frame j
DP+ ( {DOHAX max DRMAX max DLHAX)

—(DOMIN min DRMIN min OLHIN}-DEPS) max 83 { max of last 3 half frames ;

addl (DPHISTOIDP min 512133 1 incr histogramme 3
5P+ [ (SOMAX max SRHAX max SLIRX
_(SOMIN min SRMIN min SLAIN)-SEPS) max o 1 min of last 3 hall frames ;
add1 {SPHISTOISP min 51211y
DOMAX-DLAAX)y | remember last haif frame for next frame calcufatlion i
DOM IN-DLHIN;
SOMAX~SLHAX;
SOMIN+-SLBINg

end "getstats”y

! t###t#t#####*#####t#z#ﬂ#t###t:t#t#t:t#stt:t#t#t#t#t#t i
Internal integer simple procadure OP ISP IRATIO (intager 1))
! t:t#s:#:c#z#a#tzt:n#s:t3#3#3#::##3#::3:3#:::&:t#:stta i
raturn( ({(PRRS11,DPOEX] ash 7) max 1) div (PARS{I,SPOEX] max 1y



P oapadar s A SR ta R4 RN RR S FRRR SR RRERRTE RSN ERLXCATATACRARERRARRRNKARE LR LSRRREIEIENERERER |
simpte procedure CONSEG(integer STRT,FIN,DETCOD,REJCOD; boolean procedure NECESS,SUFFIC);

| aasshd s st R R ¢ S At E 402424k SRR AABARRAASILIREERRARNRSRRRRRARERAREAA SRR RAERARER |
bagin "comsag” :

| calied by SIL FRC and PLS detectors. CONSEG zplits

1 the esgment starting at irame STRT thru frame FIN

1 into DETECTED(SIL,FRC,PLS) and REJECTEDINIL) types

! ! by testing the double thresholds represented by the

f . procedurss NECESSary and SUFFIClent,

H

intagar SEGIS; ! this frame meets NECESS conditions }

Integer SEGHAS; I tast frame mat NECESS condilions j

intager DETECT; ! SUFFIC conditions are met |

intager TBEG; | start of DETECT segment |f SUFFIC condltions become wmet ;
intager T; | frams counter j

ifer dumpl!mode
thanc stiring rejnam, dstnamg
it dumpall then begin rejname" “&segnames(rajcodl&® *;
detname" “Ssegnames(detcodid” ",
andj
endc

! Assume beqinning REJECT sagment;

SBEG [SNUN«SNUN+1) ~5TRT;

STYP [SNUM] ~REJCDO;

SEGHAS-DETECT~false;

! Initiallze tests (in case they have ONNs);
SUFFIC(B); NECESS(B);

dumpout {irue,cvs(strtsoffset))

for T«STRT lhru FIN-l do
begin "tloop”
SEGIS-NECESS(T)
tf SEGIS then
begin "detectad"” -
if not SEGURS then TBEG.T; ! this Is first frame to xatisty NEC condition |
it not (DETECT) and SUFFIC(T) then

bagin
bt TBEG>STRT then addi(SNUM); ! If at strt labe! ls? seq as detected ;
SBEG [SNUM) ~TBEG; | etse create new xeg with DETECT label ;
STYP [SNUH] «DETCOD,
dumpout (true,rejnamécvs (theg+olfeet))
BETECT«1true;
end;
end "detected”
else

begin "rejected”
If not SEGHAS than contlnus "tloop")

SUFFIC(8); NECESS(9); | reset NEC and SUF to faise }

i§ OETECT then

begin
SBEG [add] (SNUN) 1Ty | create nesw seg with REJECT label
STYPISNUN) «REJCOD;

dumpout (true,detnamdcvs (t+ofixet))
DETECTe1alse)
end;
end "relected®)
SEGHAS-SEC]S)
end "tloop";
SBEG ISNUM+11 «F IN;
dumpout {irus, {(I1 detsc! then deinsm sise rejnami&cvs(finsolisat)dertl))
end "comseqg";



| Specifi¢ Detection Procedures|

| sesdxpkskbd ke Ehii b ot raians |
procadure SILDET(integer STRT,FIN);
| Spsasre s teaa T e R 1SR ARINENR |
bagin "siidet”

U UL U Y

divide a segment (actuaily the whoie utt) into sllencs &
hon-&llence sagments. R sub-segment s laballed sllence
iff sach of thesa condilions are met:

a) at least ons Trame has 5P £ SILSPLOM(7)

b) at least one frame has DZ S SILDZLOM(18)

c) each frame has 5P £ STLSPHI(15)

d) aach frame has D2 £ SILD2ZHI{28)

boolean procedure NECESS(reference Intager 1),
it 758 then return(

(PARS [T,5PDEX} feq SILSPHI) and
(PARSIT,DZDEX) leq SILOZHI))

else return{falsel}

boolean procedurs SUFFIC{reiarsncs integer T))
begin “suific”
oun beolean SPGOOD,DZG00D,
it T leq 8 then return(SPGU0D-DZCO00«False)
SPGOODSPGO00 or (PARSIT,SPDEX] 1eq SILSPLOH);
026000-DZG000 or (PARSIT,DZDEX] leq SILODZLOW)
return {(SPGO0D and DZGO0D};
end "suffic”;

dumpout (s111frst, ("detecting SIL SP-("Zevs(silsphi)&",”

gevs(siisplow}4") & DZ-("&cvs(sildzhild", "Bcvs(sitdzlon} &™) "aerit))
COMSEG (STRT,FIN,SILI,ni 11, NECESS,SUFFIC))
SILIFRSTwialsey

end "slidet”;



| ertssatsidt bibdsItCIEREILREIR |
procadure UFRDET({Integer STRT,FIN);
I T e il
bsgin "ufrdet”
! divide an unlabelad sagment into fricative and
non—fricative segments. R sub-segment is labaited FRC
lf sach of these conditions are met:
a) at least one frame has SP < UFRSPLOM(28)
b} at least one frame has D2 2 UFRDZHI (45)
c) esach frame has 5P < UFRSPHI(4®)
d) each {rame has DZ 2 UFRDZLON{25)

boolean procedure NELESS{(referencs Integer T);
it T>8 then return(

{PBRS[T,SPOEX) leq UFRSPHI) and
(PARS [T, DZ0EX) gaq UFRDZLOM))

elsa return(false);

boolean procedure SUFFIC(reference integer T);
begin "suéfic”
oWn boolean SPGODD,DZG00D,
it T leg 8 then return{SPGO0D-D2G00D~{atsa);
SPGODDSPGOOD or (PARSIT,SPOEX] 1eq UFRSPLOW);
D2GO0D«DZG000 or (PARSIT,DZDEX] geq UFROZHI);
return(SPGO0D and 02G00OD)
end "suffic™;

dumpout (uir!frst, ("detacting UFR S5P-("8cvs(uirsphild",*
cvs(ufrsplould®) & DZ-{"Levsiufrdzhl) 4", "2cvs{ufrdz |on?8”) "Eer ] §))
COMSEG (STRT,FIN,FRC!,ni ! NECESS,SUFFIC),
UFR!FRST«falsen; '
end "uirdet”;



| Shtaak f e e G e TETLICHUILICXEILIEILICILEIY |
simple procedurs RSPDET(integar STRT,FIN,LTYP};
| st fiitt eIt aeaRiSeasEeICIRISILRCITILIR |
begin "aspdai”

1 called for sach NIL ssg bafors SPDIPS. 1 type of preceding
I segmant (LTYP) Is $IL check for isolated pesk within 1 frame
i of STRT, 1f found labe! it RSP,
!

if STRT>2 | not first ssgmenl ;

and LTYP=SIL!
and ((FIN-STRT) > ASPNINL}
and (PARSISTRT,SPOEX] leq ASPSPRAX)
then begin "detasp™
integer D8,01,D2,03,D4,ASPT;
DB.OPISPIRATID(STRT-2); | calculate DP/SP 3
DL-OP1SPIRATID(STRT-1)} -
D2+DP!SPIRRTIO(STRTI}
D3.-DP ISP IRATID(STRT4 4D}
D4~0DP!SPIRATID(STRT+2)y
1 If (Dl max D2 max D3) geq ASPOSHIN then
bagin )
BSPTel{ D3<D1>D2 then sirtsl 1 should really steal a cx from the pravious segj
i else |f Di1<D2>D3 than sirt+l :
i alse if D2<D3>04 then strtsl
else 93
I It ASPT > B then begin SBEG taddl (SNUMY1+STRT; SBEG [SKUM+11«RSPT)
STYP [SNUN) «RSP!;
dumpout(truc,(cvs(strt+ollsal)&' RSP "&ovs (aspt+ofiset}dtabdtab
dcve (d0) & "Sevs (8114° "Zcvs (d2)8”7 “Scve(dI)&” "gcvs (dd)&er i 1))
STRT+RSPT; and;
- endy
end "detasp”}
! SREE Laddl (SNUNIY-STRT;
STYPISNUM) «NIL!;
SHEG ISNUM+1) «F INg
end "aspdet”y



| st e R R SR ERERSRSETISRABNRE |
procedure PLSDET (integer STRT,FIN);

EEEAGERLEITICLAILTXIIRLEARINLEY |

bagin "plsdet”

1

divide an untabefled segmant into PLS and non-PLS segments. A
sub-segment is [abelled PLS I1{ each of these condlitions are met:
&} at least one frame has SP < PLSSPLOM(2Y)
b) at leazs! one frame has DP < PLSDPLOM(2S)
¢} sach frams hag SP S PLSSPHI(5})
d) sach frame has DP < PLSDPH]{51)

boolean procedure NECESS(refarence Integer T);
1f T>8 then returnt

(PARS{T,DPDEX] legq PLSDPHI) and
(PARSIT,SPDEX] 1aq PLSSPHI))

slse returnifalsaly

boolean procedure SUFFIC(reference Integer T);
beagin "suffic”
own boelean SPGOOD,DPGO00;
if T lag @ then retlurn(SPGOOD.-DPGOCD~talse);
SPGOOD.SPGO0D or (PRRSIT,SPOEX} feq PLSSPLOW),
DPGOOD-DPGOOD or (PARSIT,DPOEXT ieq PLSOPLOW);
return (SPGO0D and DPGODD) |
and "sufflec®;

dumpout {pis|frst, ("detacting PLS SP-("Scvsipissphi)e™,”

Scvs(plssplow)8™) & DP-("&cvs(plsdphil&™, "Scve(pladplon) &™) "&er!f})
COMSEG (STRT,FIN,PLS!,NIL| ,NECESS,SUFFICY
PLSIFRSTe{alsay

end "plsdet™;



! ####s###t#t###t*####t#3##3#tttt#####33####tt#tt###ittt###!tt##t#tt H
procedure VEXHULL (integer ST,F1,DIPHIN,DIPPCNT; safe Inteqer array F}y
! z##t#*t*#t#tttt###t#s###t::ts#tttst:t#tits:taataa*t#:*tattt#ttt:!t |
begin "vexhull” ‘

1 Convex hull algorithm, Tt smooths lhe signal by salecting only ‘
1 dips uhlch are slgniilcant snough to 1abel )

integer 1,V,L,0Ut,
sals integer array HIST:(F1 max SNl

1 ind max valusj
LeSTy VoFILYy
for [+5T+l thru FI do i1 FII1>V then VoF (Lol

! maxa hully
HIST]+F{5T];
tor 15T+l thru L do HIIT&FLIT max HiE-11;
HIFIILFIFI);
for I+FI-1 downto L do HI1J<FII1 max Hll+1)

‘while trus do
begin “dips”
! find biggest dip;

Vet; L+ST; : ‘
for 15T thru F1 do [§ {DUNH(JI-F113>V then bagin VeDURy Lelj andj
if V=0 then done "dlips™) } all dips considered 11 H=F;

] 14 signiticant, fixup hull, else bring up function to hully
if (V geq DIPMIN) and (FIL] iwg (HILY2DIPPCNT)/180)
then beglin "hulidoun™
HIL)<FILY;
for leLsl thru FI do
begin
DUNF L) max HI1-1]}
it DUNM geq HII then done wlisa HL1).DUM
end}
for [+«L-1 dowunto ST do
begin
DUN«F[I1 max HIT+1}y
Hf DUN geq HEIl then done elze HIIJDUM
andy
end "hulidoun” ‘
else begin "funcup” i
dum«F (L}+HIL]}
for I+L+} thru F1 do [1 Flllcdum then FIIledum aise done;
for l+L-1 dounto ST do If F(1lcdum then FlIJedum sise done;
and "funcup”y
end "dips”;
arrblttFIST],H(STltF!-ST+1)|
and "vexhull™;

!
i
|
I
'



I dar s ad s e A4 At SO ATTIERTL AR S SEASLNAEESF LR DASTHRLAROLTRRRIRY §

simple inleger procedure DIPSEG{integer P,D; safe Integer array Fi;

P aasts e a2 S 00000 08 2000 SAIRRMART LI RL AR REXTRIETLRERELRLL LA RRRR |
begin "dipsag"

segment beiwesn peek and dip at polnt ol max slope
or point whare valus goes over 1587 of dip

or over average of pesk and dip values

uhichaver ix closest to dip.

integer FP,FD,T,TH,5,1,V,J,50L; .
! Sagment al threshoid (2sdip min (dip+pesk)/2) or greatest slope, whichever Iz closest to dipj
FP~FIP); FD.FID); -
TH-(FD=1.5) min ((FD+FP}/2)
if D>P then S-—1 alse S5«l;
for T«D step 5 until P do if FITI>TH then done;
V83
JeD3
for 1+D+5 step S until P do

begin "thrandmax”

it GLeFIII-F[1-5]) > V then bagin Ve5L; Jel; end;

and "thrandmax";
} T 1s thr loe J Is slope loc, pick closest to Dj
it {5<8) then bagin jejsl; tetsel; ond;
dumpout {irue, ("max s lopee”Scvs (J+OFFSET)&"; thre"Gevs (T4OFFSETIA"; 158%e"Love (FO21.5)

3", ave8cvs {(FD4FP) /281 "8ert1))

return(if 5 > 8 then (J min T) eise (J max T));
snd "dipseg”;

Ikt k i kb R Rk e R R RN R RS RIS R AN LRRRERARTARERABRRBEERS |

simple integer procedure FPERK{Integer 5,F; safe Integer array Vi

i T T e
bagin “fpeak™ '

b tinds flrst peak in convex hull betwesn § & F

itnteger I,J,K;

tf YIS+11<VI5! then returni(5); ! peak at begining j
1 find rise;

for 15 thru ¥-2 do if Y(1+4i] > Y[I] then done;

it 1 2 F-1 then return(F); | failed to find any peak |
1 find fall;

for Jel thru F-1 do if Y{J+ll < Y{J] then done;

! find start of peak;

for Ked dounto T do if V{K-1] < VIX] then done;
return((K+J}22);

end "fpeak”;

| 3t isd s a s 4 A an 0 E2 00 F SR DR R RRRALTLELLELRETRR KR RRRALERES |

simple integer procedure FOIP(integer 5,F; safe inleger array ¥);

B e T T e Y
bagin “fdip"

(I find tirst dip in convex hull betwesn 5§ & F

integer I,J,K;

1 find fally

for 1«3 thru F-1 do if Y(I4l) < YII] then done;
1 find risey

for Jel thru F-1 do [f ViJal]l > ViJ1 then done;
| find start of dip;

for KeJ dounto I do i VIK-11 > VIK] than done;
if J geq F then return(F);

return{(K+J122);

end “{dip";



| **#####*##t#t#t#t######t#m##*#ttttat:t##:ttttcnt#tstattnsttti:#scttt#tttttttstttttttt: i
procedure DIPDET (integer $TRT,FIN,DETCOD,REJCOD; sale Integer array FUNC; integer TALDURY §
! t##*t##&###*##t*t#tt####t*Q*tttat#t*tit*t#t*ttt#t#tit*ttltt#i*t#t*tl##t*#*tltt#t#t:### s
begin "dipdet”
! " detect dips and segment belueen sach dip-peek
1 ~ and paek-dip palr
H
integer I,T,P,D,U,V.X,LP,NS,NE;
}fer dump!mode
thenc string deinam,rejnam;
it dumpall then begin
rejnams" *§segnamasrejcodid® "}
deiname" "&ssgnames [datcod) 4" "3
endj’
endc

SBEGISNUﬂ«SNUﬁ+1]—STRT;
STYP [SNUNJ «REJCOD;

NS+«STRT+TALDUR; NE+F IN-TRLDUR;
| Find 1lrst peak-dip or dip-peak pairy
P.FPEAK (STRT,FIN,FURC);
D~FOIP(P,FIN,FUNC);
I loop #lternates peaks and dips - ssgment betuwasn eachy
while true do begin "pdloop”
it (P geq FIN} or (0 geq FIN) then done "pdicop®;
i§ P<D then
begin "peak-dip”®
T-DIPSEGP,D,FUNC))
it T geq (NS}
then begin
STYP LSNUMY ~REJCOD;
dumpou!(true,cvs(sbeqlsnuml+oifsat)&r.jnanﬁ
SREG ISNUM-SNUTa 1] «T;
STYP [SNUM] ~DETCOD4
end;
P-FPEAK (D,F IN,FUNC);
snd "peak-dip”
else bagin "dip-peak”
T.DIPSEG (P,D,FUNC)
b (T 1eq (NED)
then begin
STYP [SNYN1 «DETCODY
dumpoul!lrue,cvs(sbeg{snunl&oilsel)&dntnam)
SREG [SNUN-SNUM+1] «T)
STYP [SNUMJ «REJCOD,
end
elss SNUMeSNUM-1;
D.FDIP (P, FIN,FUNC);
and “dip-peak”;
end “pdicop”;
1 tinish upj
1§ STYPISNUM]I=DETCOD then SNUNSNUN-1 ! l.e. we ran out of room to find a final peaky
SBEG [SNUR41) FIN; -
dumpuut(true,cvs(sbeq[snuml+o!lsut)
18k -lgp[snum}=r1jcod then rajnan sise datnam}
Zevs(tintofiset)derii)
and "dipdet”;



| s at it 3t et 2L 3L TS IEATICIETEICIILEE
simple procedurs SPBIPS(integer STRT,FIN,LTYP),;
| sttt eIt st eIeItIEIRILILICILRDREICRE 1
begin "spdips”
| split cegmant from 3TRT thru FIN into peeks and dips.
1 1f segment < SPHINL(S) dont spiit It.

[
integer I

dumpout (spd! frst, ("son splil: spdipst minlen="8cvs (spminl)
&" dipmine"8cvs (spdmin)&" dippents"&cvs (spdpent) &erli))
SPOIFRSTwfalxe;
14 FIN~STRT < SPMINL or STRT 2 1 then begin
SBEG [addl (SNUM}I!&STRT) STYPISNUNI.SPP1; SBEG[SNUHolJoFIH; return;g sndg

for I+5TRT-I thru FIN do SPHULLII)-PRRS(I,5PDEX]; | create convex hull j
VEXHULL (STRT,F IN-1,SPONIN,SPOPCNT, SPHULL) §

DIPDET(STRY,FIN,SPL!,S5PP1,SPHULL,SPTALD)
and "spdips")



! REGION SPLITTING PROCETDURES
3
dafina DPHINI=1B, DZMIN!=85, SPHMIN!=1@, SZNIN!=5, RGNSIZE=2;
| fer dumpimode
thene preload!with ", “dp”,"dz", "sp*, "s2")
slring array zapdashiypl[B:4]}
endce
dafine MAXPRCNT=15;
preloadlulth 2.4, 2.3, 2.2, 2.1, 2.8, 1.9, L.§, 1.7,1.6, 1.5, L&, 1.3, 1.2y
safe real array PRCNTABLE (L:NMAXPRTNT)
safe integer array RGNHISTO[-RGNSIZE:RGNSIZE);
intager DPHMAX,DZNAX,SPHAX,SZNAX,DPAIN,DZNIN, SPRIN,SZHIN; ! accumuiate max/min ZAPDASH paramatars j
internal integer sgmdeb; ! debug flag j

| gt arssdsrsshe s TSI TIITRLATARRIERRE |
simple procadure GETCUR(integer FRARE);
| gxaad s reas e sststeassTRELORLLE |
begln "getcur” . :
1 ¥ FRAME 15 8 Initializs min/max vaiues, else recalcuiate min/max ZAPORSH levels
1
integer DPCUR,DZCUR,SPCUR,SZCUR; ! tmps to hold ZAPOASH pars ;
i+ FRANE=8 .
then begin !
DPHAX +DZHAX ~SPHAX«SZNAX-8; :
DPHINDZNIN-SPHIN-SZNIN-488;
returng
and;
DPRAX~DPHAX max {DPCURPARS [FRAME ,DPDEX) ) ¢
DPMINDPHIN min DPCUR;
DZMAX-DZHAX max (DZCUR-PARS IFRANE,DZDEX]});
DZINDZHIN min DZCUR;
SPHAX.SPHMAX max (SPCUR«PARSIFRARE,SPDEX]);
SPMINSSPHIN min SPCUR;
SZMAX+SZHAX max (SZCUR-PARS [FRANE,5ZDEX) )y
SZMIN<SZHIN min SZCUR;
ond "getcur;

| ssbdastd it ss i fao s tedt et s st sIRILILITILICIN |

integer simple procedurs COHPARE (integer LOC,STRTY | COMPRRE 3

1 fat st eay st s s it R R CARIRAEIUILICRLILROIL LS

begin “compare”

! compare max levels uith min:PRCNT 1o ses |1 lavels have sutficiantly changed to force
! segment boundary. return 3 If max < minsPRCNT elsa which ZAPDASH forced boundary.

]
real PRCNT; 1 hold calculated % to be used }
Integer typ; ! hold the # of the ZAPDASH forcing boundary |
integer 11,12,13,14; 1 tmps for dump mods |
PRCNT-PRCNTABLE{ (LOC-5TRT) min MAXPRCNT)
typ8;
{1 OPHAX > (t1-(DPHIN max DPHIN!)2PRCNT) then typel
alse |1 DZMNAX > (12~ (DININ max DZMINI}2PRCNT) then type2
alss +f SPHAX > (13« (SPHIN max SPNIND)sPRCNT) then type3
glse I SZNMAX > (14« (STMIN max SZHIN1)4PRCRT) then typedy
tf (sgmdeb or typ)
then begin
dumpout (irue, tcvs (LOC+OFFSET)&" (Xa"&cvs (PRCNT=168)
£°1 DP{*&cvs (DPMINI&", “&evs (DPNAXIE": "Scvs (L]}
£*) 0Z("&cvs (DZMINI&", "Revs (DZHAXI&"1 "Scvs (12)
&%) SP{"&cvs (SPAINIZ™, "Scvs (SPHAXI&™: "Scvs (12D
£") 52("Zcvs (SZNINIA™, "2evs (SZAAXI &7t “Scvs (1A)
&(1¢ typ then "} break caused by "
&zapdashiypltypl eise "")derifdiy
end;
returnltyp};
snd 'Fomparo';



| ahgtasd s on s SASASAETEREREXEALLIERNRLNRLED LA ERALLATHACTERLREALRERSRER |
simple procedurs SEGAT(integer STRT,FIN,TYP,TYPE; relersnce integar SNUM)|
| Akt R dt oo et SR AR R EELAREITETRAEREARRAREABREANSELRRLARRARAKERNLNS |
begin "segat”

t lavais of the 'TYP’th ZARPDASH parameter batueen STRT and FIN

were found to be sulficiently different 1o forca a boundary.
SEGAT decides where to place that boundary by lacking for the
frame With tha largast sicpa of the ZAPDASH paramatar which
caused the spiil and examing the slopes of the cther 3

parametars for a smaill region around that frame.

W i e e e

integer R,8,SLOPE,DIFF,PT,PNT,I,J;

dumpout (true, (zapdashtyp{typl&" causing seq within ("Lcvsistrtsofiset)
‘8" *&ecvs{fin+oifset)l™) snum="&cvs(snum}))
PT«{(STRT+FIN} div 2) min (FIN-3),
Recasa TYP-] of (PRRSIPT,DPDEX),PARS(PT,DZ0EX],PRRS(PT,SPOEX!,PRRSIPT,SZDEX] 1y
SLOPE~2;
for [+PT+1 thru FIN do
begin "maxslope”
B~{case TYP-1 of (PARS(I,DPDEX),PARSII,DZ0EX],PRARSII,SPOEX] ,PARS (I, SZ0EXINYy
DIFF~abs (B-A);
i1 DIFF>SLOPE then begin SLOPEDIFF; PTel; snd;
A«B;
end "maxslops”}

dumpout (trus, "slope{"8cvs (slopa) &8*)e"Scve (pteof fxat)dertf)
arrcir {RGNHISTO), R
RGNHISTO(8) -1}

for jel thru 4
do begin "otherfuncs”
it |=TYP then continua;
dume (PT-RGNSIZE) max 5TRT;
R«{case }-1 of (PARSI[DUM,DPDEX],PARS IDUN, DZDEXI ,PARS (DUM, SPOEX] , PARS IOUM, SZDEXIY ),
SLOPE.8;
PNT+8;
for I«(PT-RGNSIZE+]1) max (STRT+1) thru (PT+RGNSIZE)
do heqin
Be(case |-1 of (PARSI!,DPOEX},PARS(I,DZDEX],PRRSLL,SPDEX],PARSIT,SZDEXI)),
DiFFeabs (3-A);
1 # DIFF>SLOPE them begin SLOPE«DIFF; PNT«[; end;
R«B;
and;
it PNT>8 then addl(RGNHISTOIPNT-PT]);
end "otherfuncs”;
I dumpali and chd>B
then for le-rgnsize thru rgnsize do cut(chd,” "Scvelrgnhistoli})};

| § RGNHISTO(8) <]
then for i« -RGNSIZE thru RGNSIZE
do if RGNHISTOLi) Z 2 then begin PT«PT+l; done end;

SBEG [2dd1 (SNUM)] «PT;

STYP [SNUM] ~TYPE; )

dumpout(true,” ssg at “&cvs(ptsofiset)dertf)
end "segat™;



| ettt tpris ek SR 23422 R0 RR AR R RS AL ERRAERERERETRL T EHRARELRERNRT |
simple procedure REGSPLIT(integer STRT,FIN,TYPE; reference Intsger SNUN);
| 42tk ad SRS TFEREERERTLRTARLRALLITCAERKACERRERERKERAERRRNELRRREANRR |
begin "regsplit”

! If segment > 68 m sec try spiiting by checking spread

! of ZAPDASH parametlsrs over segment length

1
Integer I,LOC,TYP;

1t sgmded than dumpoutltrus, ("entered regsplit with{"fcvs(strtsofisel)
&* "Zsagnamas [1ypeld” “dcvs(fin+ofisel)
&) snum="8cvs (spum)&crlf))
SBEG [add ! (SNUM) ] «STRT;
STYP [SNUM] ~TYPE;
{f (FIN-STRT)<6 then begin SBEG{SNUM+1)+FIN; return; end;
STRT«STRT+2}
GETCUR (@}
GETCUR(STRT);
for LOC+STRT+1 thru FIN-2
do begin
GETCUR(LOC);
if TYP«CONFARE (LOC,STRT)
then begin
SEGRT{(STRT,LOC, TYP,TYPE, SNUN},
if (FIN-SBEGISNUM]) < 3
then begin
SBEGESNUMI FIN-3;
dumpout (trum, "moving seq back to "&cvs (fin-3+offset)ierif}
and; .
STRT.LOC-SBEG [SHUM] +24
GETCUR(D)
GETCUR{(5TRT);
andy

and;
SBEG [SNUM+1] +F 1IN
end "regsplit®)



! PR e FER 2Lttt s bt st s s ittt iRt I T IR LAY LYY Y H
internal procadure SEGMENT (integer UTTBEG,UTTEND; rafsrence integer RNUN;
D oatessstd a2 en s 4340 5008000 ERE S AL IRE AR LR £ A TAS K LA RRSRERSNERRAENE |

safe Integer array RBEG,RTYP;
safe integer array PARS),

begin "segment®

integer I;

procedure copylinteger [); [ COPY 4
bagin "copy”
RBEG [addl (RNUR)) «SBEGII);
RBEG [RNUM+11 +SBEG (1412,
RTYP [RNUN] «STYP{I];
endy

P initial, nulil segmentation;
RNUM«1; SNUM.3;
RBEG {11 ~UTTBEG;
RBEG [2] «UTTEND;
RTYPL11.1;

dumpout (true,crif)

O1l: SIL detection j

for 1<l thru RNUM do SILDET(RBEG(I) ,RBEGII+1]1);
arrb) t (RBEG[1] ,SBEG 1], SNUM+1)

arrbi t(RTYP{1],STYP (1) ,SNUN),

RNUM«SNUM,

SNUR«8;

dumpout (true,crif)

D2: FRC detection ;

for I+l thru RNUM do it RTYP[I1=NILI
then UFRDET(RBEGLI],RBEG(l+1])
else
hegin
SBEG [SNUH-SNUM+1) ~RBEGII]
STYP [SNUM1 RTYPLI1;
end;
SBEG [SNUM+1] «RBEG (RNUM+1],
dumpout (true,crif)



p3: correction rules j

RNUM.1;

RBEG{1] ~SBEGI[11}y
RTYP(11STYP{1},
for 1+2 thru SNUNM

do begin
if (SBEG[I+1)-SBEGII}) S 2
then bagin
it STYP(11=NIL!
and STYP[I-1]1=5iL!
then begin
STYPL11+ASP1; ! SilL/short NILa=>SIL/RSP 4
dumpout (1rue, "correction rule: "Scvs (shegfll+olixat)
4* ASP "Zcvs (sbeqli+li+ofisel)
& 5IL/short NIt —> SIL/RSP"&crif)
and
alse if (STYP[1)<NIL! and STYP{1-11=FRC!)
then begin
dumpout {true, ("correction ruler "
&segnames[stypli-1]1)8° "fcvs (sbeglil+ofizat)g” *
&segnamesisiyp{1118" “Lcvs(sbaglisll+oflzut}étab
&"FRC/short NiL——>FRC"8crii))
continueg
end}
and;
RBEG [RNUN-RNUM+13 ~SBEG (1]
RTYPIRNUNi ~STYPEI];
andj
RBEG [RNUM+ 13 «SBEG [SNUM+1]
SNUN8;

dumpout (true,crlf)

D4: PLS datsction i

for Il thru RNUM do 11 RTYPLI1=HIL!
then PLSDET(RBEG{I),RBEG[1+11)
else
begin
SBEG [SNUN«SNUM+ 1) «RBEGI1]
SBEG {SNUM+1] «RBEG(1+1)
STYP [SNUH) «RTYPL]];
endj
dumpout (true,crif)



D51 more corraction rules |

RNUN.8;
copy (1)}
for 1«2 thru SNUN
" de .
" begin
I'f STYPLII1=PLS! | FRC/PLSS2 «=> FRC
and (SBEG{J+1]-SBEG{1])s%2
then 11 (dumeSTYP(1-1))=FRCI
; then bsgin
: RBEG [RNUM+1) «SBEG[1+1];
dumpout (true, ("correction rule: "
Ssegnamesisiypli-11]8" *
&cvs(sbaglil+oifset) & "Esagnames{stypli]]
&% "Scvsisbegll+l]l+oilsat)
L FRC/short PLS-=>FRC"&eri{))
end
efse |f (dumeSTYP[I+1])«SIL! or dym=FRC! | PLSS2/FRC or SIL==» FRC or SIL }
then begin
SBEG(I+1)«~SBEGTIYy
dumpout (irue, {"corraction rule: "Scvsisheglil+alfset)
&" "Esagnames(siyp[l114" *
: Scvsisbagli+lisofisatre” “Esegnames (stypli+lil]
f & . short PLS/FRC or SIL—->FRC er SIL"&crif))
end '
else copyll)
. oisa 1 STYPEII=NIL! | PLS/NILS2 ==> combine NIL 1o next segment
and (SBEGII+11-SBEG(11)=2
then (¢ STYP{I-11=zPLS!
then begin
SBEGII+1)-SBEGIII;
dumpout ({rus, ("correction rular *
dsegnames(styp[i-1118" "Scvs(sheglil+affset)
3" "Eseqnamesisiyplilig® *
Lcvs (sbeglisl) 4offzat) :
& PLS/short NIL combine NIL to next segmant“&cr!f))
end
slise copyll}
elge copyll}
end;
SNUN-8;
dumpout (true,crif)

D6: RSP detection ;

for [+l thru RNUM do i1 RTYP{I)aNILI
then RSPDET(RBEGEI),RBEGLI+1), (14 Ixl then @ else RTYPLI-1]))
elze
begin
SBEG [SNUN-SNUN+1]~RBEG(]I],
SBEG[SNUM+13 «RBEGII+11;
STYP[SNUM]«RTYP{I1;
and;
arrbi t (RBEG (13 ,SBEGII),SNUM+),
arrbit (RTYP[11,STYPL1],5NUN),
RNUM«SNUM
SNUR«8;
dumpout (true,cr f}



D7: SP dips

for 1«1 thru RNUM do {f RTYPIII=NILI
then SPD1PS(RBEGII1,RBEGII+1],(1f I=1 then @ else RTYP(I-11))
[ 33 1)
begin
SBEG [SNUB-SNUM+1] «RBEGLI];
SBEG [SNUM+1) «RBEG[1+1];
STYPISNUN}<RTYPLID;
ands )
arrbi t (RBEG[1,SBEG[1],5NUR+1),
arrb) t(RTYPIL],STYPL1],5NUM);
RNUMSNUN
SNUH&G;
dumpout (true,crlt)

It dumpail than 1 code lo list pre-rugion spliting sagmaniation j
for 1ol thru RNUH
do begin
intager BT,ET,TY;
BT+RBEG{I); ET+RBEGLI+1];
dumpout(!rue,(1ab&cvs(bl+ofIsat)&lab&sagnameslrtgplli1
- £1ablevs (atsof fsat)&tablevs (at-b)&cril))
end;
licr notltivelversion | cods 1o 1ist ZAPDASH paramaters
thenc
i f DUMPARS
then
begin
aut(CHP,tab&“BP'&tab&'DZ“&tab&"SP'&Iab&'SZ“I;
for I[+<UTTREG thru UTTEND-1 do
bagin
out {CHP,cr 1 fhcvs (1+0FFSETIE™1 ")y
out (CHP, tab&cvs (PARS (1, DPDEX] ) &tab
: ' &cvs(PﬂRS(l,DZDE!])&lab&cvs(PRRS(l,SPDEXI’&iab
K &cvs (PARS[1,S2DEX]) )y
E end} '
' out (CHP,cr1i); 11 CHOxCHP
then oul (CHP, formised);
! end}
snde | notilvelversion i



! 08: region spliting i

SNUN.8y
for ie1 thru RNUN
do if (dumeRTYPIIJ) w SILI then REGSPLIT(RBEGII) ,RBEGC)+11,dum, SNUM)
sise begin SBEG[addl (SNUM)1RBEGII)}
STYPISNUM) «dum;
SBEG[SNUN+1] «RBEG (1411}
endi
arrb )t (RBEGCL} ,SBEG (1Y, SNUM+])
arrb | t (RTYP{1},STYPI1],5NUM),
RNUR«SNUM;

! code Yo list final segmentation ;
dumpout {true,crli&tab&™ I Inal segmentation*fcrif);
for 1«1 thru RNUN
do
bagin
Integer BT,ET;
BT-RBEGI[IJ; ET-RBEGII+1);
dumpout (trus, (tabdcve (bl+offset)&tablsagnames {rlypi|]11&tablcvs (at+oiisat)
Etablevs{et-bt)lerli))
andj .
dumpout {true, formised);

end "segmani™;
end "segmentor”;
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