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Abstract: The idea of word boundary is very fundamental and one of the important factors as far as the study of any
human language is concerned. In actual practice it seems, describing boundaries of word are somewhat easier to define,
although it is a subject with limited spread. In this paper, we try to study the spoken Bodo language, we considered four
common criteria for detection of boundaries of syllable or word namely quick initial speech, sluggish terminating speech,
reset in pitch and pauses) and examined their existence in a fragment taken from a recorded database that contains
approximately 23 similar units. The recorded speech was parsed by two linguistic experts and the result so obtained were
examined acoustically to establish which were present at each separation of words. Later on the obtained result is compared
with the result obtained from SVM classifier. It has been noticed that both approaches gives similar and comparative result.
Further, it is found that only a few of the determined separation of words conformed to all cues. It is found that the sluggish
terminating speech was most prevailing, followed by reset in pitch, then pauses, and finally quick initial speech. An intense
study, involving large set of units and more speakers is still under process.
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l. INTRODUCTION

The Bodo (pronounced as baroz) community is a major
ethnic and linguistic communities of North-East India
including Nepal and adjoining areas and one of the early
settlers of Assam state of India. The word ‘Bodo’ has a duel
role, it denotes the language and the community. From
mythological concept, the Bodos are the ancestors of Lord
Vishnu and mother Earth. They were known as ‘Kiratas’
during the Epic period[1].

The Bodo speaking community is at present well-spread
across the north-east India including Assam, Meghalaya,
Arunachal Pradesh, Nagaland, Mizoram, Tripura, Manipur,
northern part of West Bengal, Bihar and adjoining areas of
Bangladesh, Nepal and Bhutan. The Bodo speaking people
are primarily found in the Brahmaputra Valley in Assam, and
its few adjacent areas of Jalpaiguri, in West Bengal. The
concentration of Bodo speaking people is relatively less in
the northern part of the Brahmaputra Valley.

Recently, for the last two to three decades, the research in
the area of speech associated with different language has got
lot of importance because of the demand and improvement in
the technology related to the man-machine interaction. The
interest of the mankind has shifted for ensuring easy access
to the technology. As a result, Automatic Speech Processing
(ASR) research for different languages are going on in full
swing. As one of the primary steps for ASR, the
identification of words in an utterance as well as syllables
present in a word is very important. The words are the
building blocks of a sentence and each word comprises of
one or more syllables. In research related to speech
processing the determination of word and syllable boundary
plays a major and important role. The word and syllable
boundary is collectively termed as Intonation boundary[2].

The aim of this paper is to discuss about the identification of
word and syllable boundary present in the utterance of Bodo
speech.

Il.  HYPOTHESIS

The primary hypothesis formulated in the present study is
that the fundamental building blocks of any spoken language
are the words. The term intonation unit instead of word was
first used by Chafe in the model he proposed regarding flow
of information associated with speech, where word boundary
are basically the functions of our brain limited to the
processes that occurs during articulation within the brain of
both the speaker and the listener [2]. The word, along with
its allied concepts, does not match with the researchers of
other theoretical areas and various descriptions have been
given to explicate the concept [3], [4], [5], [6]. The
intonation units within a sentence are considered as the
primary prosodic or syntactical unit of a language in its
spoken form. According to the definition given by Chafe, the
word is a unit speech that has high involvement with a
"coherent intonation contour”, an involvement which could
be changed depending on the situation, which is found in
many descriptions of intonation units. The problem with this
sort of explanation is that "a coherent intonation contour" is
extremely complex to define, neither is it simple to define a
word by any other inherent criteria [6], [7] nor separation of
different words. Therefore, a frequently held course of action
to parse an utterance into word is as per their boundaries [6],

8], [9].

Researchers across the globe has proposed many ways to
distinguish words separately. Some of the most commonly
used ways applied to identify the words are: (1) final
lengthening of syllable or slow speaking rate at the ending
of a word; (2) pause; (3) pitch reset ; and (4) fast speaking
rate at the beginning of the next word. While languages vary
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in its most important cue for division of word [10], the
hierarchy given below is suggested for Bodo: (1) reset of
pitch; (2) speech rate changed at cross-boundary; (3) pause
[11], [12]. However, in the present research , this suggestion
is based on recorded speech rather on naturally occurring
speech which is spontaneous. A primary findings in recorded
Bodo speech gives the intuition that rate of speech,
principally final lengthening of syllable, may be pre-
dominant in the hierarchy as compared to the other cues [13].
It is found that though, the different linguists sometime may
have difference in their opinion of word boundaries, and it
also many a times occur that the same transcribers change
their way of thinking and gives difference of opinion about
word boundary. Therefore, we put effort in investigating the
correctness of intonation unit processed with quantitative
acoustic tools. In this paper we are trying to present our
initial findings and try to establish a relation between
acoustic analyses of word boundaries set against human
opinion and the areas of Atrtificial Intelligence.

I1l.  TEXUAL DATA AND METHODOLOGY

The speech corpus under study is narrated by a group of
speakers whose mother tongue is bodo and is qualified
enough (either graduate or post-graduate in bodo). We
decided to start with a recorded instead of a common chat,
because it is characterized by the presence of more sequences
of prominent word boundary spoken by the same speaker.
The selection of a recorded speech further facilitates the
establishment of relationship between theoretical boundaries
and their acoustic counterpart, because normal conversation
habitually contains abundant occurrences of speech which
are broken, units which are truncated and overlaps and is
often performed in an environment which is noisy, which
demands a robust system. The recorded samples were given
to two phonetic experts. As the impression about word is
pretty hard for explanation to a layperson, these persons were
people having sufficient expertise with the task. The
informants were advised to make their parsing by ignoring
the syntactic cues. The PRAAT is used to analyzed
acoustically the perceptual segmentation.

IV. FINDINGS AND ANALYSIS

In the current study we analyzed 23 units altogether. The
average duration of utterance of a word is 0.89 second,
ranging from 0.31 second to 1.47 second.

A. Acoustic Findings

The four conditions, or the cues which are mentioned
earlier for detection of boundaries of word were examined
quantitatively: (1) fast speaking rate at the starting of a word;
(2) final lengthening of syllable or slow rate of speaking at
the end of a word; (3) reset in pitch; (4) pause. The results so
obtained were verified by two researchers independent of
each other. Among the 23 word boundary with theoretical
consent among the speakers, 5 word boundaries (24%) were
aligned to all the four cues. At the same time, two word
boundaries did not even conform to any acoustic condition.
This is because these two word boundary have continuing
tone and thus found difficult to be determined [3], [4], [14].
Therefore, internal cues are also need to be considered
seriously and should be given due importance. Among the
remaining words, 4 had three boundary cues each, among
which Slow Rate of Speaking (SRS) was found in all 4, and

reset of pitch was found in 4 out of the 4 words. 9 words
showed two of the pre-assumed cues, among which Slow
Rate of Speaking (SRS) was found in 5 words and the same
number also present in reset of pitch, even if it is not
necessarily the same units. A single cue was associated in 4
words, where SRS was attested in 2 of them, reset of pitch in
1, and pause in 1, at the same time FRS was not found in
any word. Table 1 displays the type as well as number of
cues in the sample.

(a) Slow Rate of Speaking (SRS)

The condition of final lengthening of syllable or slow rate
of speaking at the closure of a word was seen in 17 words
(85%) out of the entire sample). The computation of SRS is
the ratio of the average duration of the concluding syllable of
word and the average syllable duration in that word. We
termed it as lengthening whenever the ratio was >1.2 (i.e.,
final syllable duration is more than 12% of the average of
duration of syllable in a word). The average duration of final
syllable in the entire sample is 0.24 second.

(b) Reset inPitch

The reset of pitch was found in 16 words (69%).
Intonation is characterized by the rises and falls of pitch and
at the same time they are also the basic cues for stress in
word [6], [10]. Bodo is a tone language having both
unstressed and stressed syllables. A word of Bodo language
has only one primary stress and it may or may not have any
secondary stress. The position where a stress occurs has
major implications on the syllable structure of a prosodic or
lexical word [15] in Bodo language. According to some
groundwork research conducted for Bodo language, all
proposed factors were predominant in producing the word
stress in Bodo [16], in the following sequence: (1) pitch, (2)
intensity, (3) duration. Because of this, to identify whether
there is a reset of pitch or not, a random check on the
frequency difference is done to differentiate between
unstressed and stressed syllables in the recorded sample.
When the difference is greater than 15 Hz, it was considered
that there is a reset in pitch.

The average reset in pitch is found to be 45 Hz. A
downward in Reset was found in 13 words. Upwards in
Reset was found in only 8 words (Table 1). In the present
study any significant difference in property between terminal
tones fall and terminal tones raise regarding reset in pitch
could not be detected.

TABLE I. NUMBER AND TYPE OF CUES WITHIN AN INTONATION UNIT.

No. of SRR Reset pause FSR Total
cues of
pitch
1 2 1 1 0 4
2 6 6 3 1 8
3 4 4 3 1 4
4 5 5 5 5 5
Total 17 16 11 7 21
(c) Pauses

Pauses are the characteristics which are found at the
closure of a word. A pause was established as important and
significant if it is at least last for 0.02 seconds or more. This
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condition was found in 46% of the sample's word i.e., 11
words.

(d) Fast Rate of Speaking (FRS)

The condition of fast rate of speaking at the starting of a
word was found in 7 words (30%; In the present study, we
did not consider words, which has less than four syllables).
The FRS is calculated as the ratio between the average of
duration of syllable before the major syllable along with the
average duration of syllable in that word under study. We
considered a word with FRS whenever the ratio is greater
than 0.9 (i.e., the average duration of syllable before the
major syllable is less than 90% of the average duration of
syllable in that word). The average duration of syllables in
the whole sample is 0.16 second, while the average duration
of a FRS syllable is 0.12 seconds. It must be noted that the
number of unstressed syllables at the starting of an utterance
[6] cannot be regarded at this phase of research as a
important aspect in checking perceptual acoustic relation in
words parsing in Bodo Language.

In any occurrences, FRS was not found to be the primary
cue. Further, FRS was found in one of 3-4 cues, except for
one word where it appears with another cue, i.e. reset of
pitch. 95% of FRS along with SRS, and as it was mentioned
earlier, along with at least another cue. While looking at its
occurrences of SRS at the end of a word and FRS at the
starting of the following word, i.e., looking at speech rate as
a cross-boundary cue, we found only nine such mutual
occurrences (56 % of FRS attestations).

(e) Pitch, Duration and Intensity

At the end let us throw some light into three important
parameters, i.e. Pitch, Duration and Intensity. Although,
intensity is one of the important factors in determining the
word boundary, we are not considering it at this stage of
study. But it plays a very important role in finding out word
boundary more accurately. Intensity is associated to both
pitch and duration, where pitch gives prominence and
duration gives stress. Figure.1 illustrates another instance of
the correlation between the three prosodic units in the
internal structure of a word.

The important syllable in the word considered as example
has been uttered by the two informants to be the last but one
syllable, i.e., kh. Obviously, the contour formed by pitch
does not qualify to this perceptual decision. Moreover, the
curve formed by pitch as shown in Figure 1, may suggest
three words, as opposed to the perceptual judgments. Since
the final word in this case has a stress in penultimate
position, duration of the major syllable is less important in
this analysis since its measured length was close to the
average duration of the syllable and therefore seems invalid
cue neither for a word boundary nor for the accented
syllable. Still, intense further research is required in order to
portray any conclusions concerning the relationship between
intensity, duration and pitch and their prosodic influence in
Bodo language.

Figure 1: Pitch and Intensity correlates in the intonation unit “su
su khAr”.

V. COMPARISON WITH SVM BASED APPROACH

The same speech corpora is also subjected to SVM
classifier with polynomial kernel function. The order of the
kernel function is considered as 3. Out of the 5 cues, 3 cues
are considered. They are SSR, Pitch reset and pause. The
reason for considering the above mentioned three cues is that
they have given better result in the proposed approach. The
result obtained from proposed approach is verified with the
result obtained from the SVM approach, which is depicted in
the table I1.

TABLE Il. A COMPARATIVE STUDY OF PROPOSED APPROACH AND SVM
No.
of SSR pitch reset pause Total
cues
Prop | S Prop Prop S
Appr | V| PP ”TCI’ Appr S,\>|/ Approa | V
oach | M pp oach ch M
1 2 2 1 0 1 1 4 3
2 6 5 6 5 3 3 8 13
3 4 4 4 4 3 3 4 11
4 5 5 5 4 5 4 5 13
Tcl’ta 17 |16 16 13| 12 | 1 21

VI. CONCLUSION

Several remarks can be made in conclusion. On one
hand, in some ambiguous words, not more than two of the
acoustic cues considered here were present. The three
acoustic cues: final lengthening or SRS, reset in pitch and
pause were found in more than 52% of the words. SRS and
reset in pitch both were found in more than 71%, leading us
to the conclusion that the theoretical word segmentation is
indeed influenced mostly by its boundaries. Still, there is
scope of much work to compare duration of syllables which
are stressed and accented (prominent) syllables and assessing
their relationship with SRS [17]. Nevertheless, we cannot
evade the conclusion that research on inherent acoustic cues
needs more attention. FRS — confirms its lowest hierarchical
status — may suggest its consideration together with SRS as
an internal condition and not as an external one. The
frequency at which the cues occurs compels us to reconsider
the hierarchy of cues given in earlier research on properties
of word in Bodo language [11], [12].

At the same time, when the same dataset is subjected to
SVM, a near similar result is obtained with a very minimal
variations.
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So, finally, it could be concluded that the proposed

approach is capable of correctly detecting the word and the
syllable boundary.
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