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Abstract

This paper investigates the combined use of
pause duration and pitch reset for automatic
story segmentation in Mandarin broadcast
news. Analysis shows that story boundaries
cannot be clearly discriminated from utterance
boundaries by speaker-normalized pitch reset
due to its large variations across different syl-
lable tone pairs. Instead, speaker- and tone-
normalized pitch reset can provide a clear sep-
aration between utterance and story bound-
aries. Experiments using decision trees for
story boundary detection reinforce that raw and
speaker-normalized pitch resets are not effec-
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nese. The use of similar prosodic features for Chinese
news story segmentation deserves further investigation.
The main reason is that Chinese tonal syllables may com-
plicate the expressions of pitch resets. Chinese syllable
tones are expressed acoustically in pitch trajectories, i.e,
different tones show different pitch value ranges and tra-
jectory patterns,as shown in Figure 1(b). Initial work in
(Levow, 2004) has shown that Mandarin words at story
ending positions show a lower pitch as compared with
words at non-story-ending positions. In this paper, we
present a data-oriented study to investigate how the tonal-
ity of Mandarin syllables affects pitch resets at utterance
and story boundaries. To alleviate the effects from tonal-
ity, we propose to use speaker- and tone-normalized pitch
reset with pause duration to separate Mandarin broadcast

tive for Mandarin Chinese story segmentation. audio stream into distinct news stories.
Speaker- and tone-normalized pitch reset is a _
good story boundary indicator. When it is com- F, Roset LR g -"4’\ 5
bined with pause duration, a highrmeasure ’\If\\ 3\_// 1 \\ 2
of 86.7% is achieved. AnaIyS|s 'of.the decision (@) TS 2\WI }\f
tree uncovered four major heuristics that show Specch Unit] Speech Uni  Tone 1 (gn) Tone2 (isna) Tonss (ow]  Tone 4 (alng
how speakers jointly utilize pause duration and

pitch reset to separate speech into stories.

&

Figure 1: (a) Pitch reset phenomenon between speech
units; (b) Pitch trajectories for the four Mandarin basic

: syllable tones. The speaker pitch range is segmented to
1 Introduction five zones from high to low. The pitch trajectories of the

Pitch reset refers to the speaker’s general pitch declingsyr tones are 5-5, 3-5, 2-1-4 and 5-1, respectively.
tion through the course of a speech unit, followed by a re-

setto a high pitch at the start of next speech unit, as shovth  Task and Corpus

in Figure 1(a). The speech unit may be of different levy, 5 ¢ontinuous audio stream of broadcast news, there are
els of granularity (Tseng et. al., 2005), such as a speegioqrams that consist of speaker changes among anchors,
segment that conveys a central topic (€.g. a news story),&,qrters and interviewees. Other programs may contain
prosodic phrase group (PG) or an utterance. These unifsseqence of news stories reported by a single speaker.
are often separated by pauses. Pauses and pitch resglssocys on the latter kind in this investigation, because
were shown to be effective story boundary indicators iBhe combined use of pause duration and pitch reset to

English "broadcast News segmentatiqn (Shriberg et. .afjunctuate the end of a story and the beginning of the next
2000; Tar et. al., 2001). These previous efforts specifis ries many speaker-dependent characteristics.

cally point out that pause durations are longer z_;\nd pitch We select a subset of TDT2 VOA Mandarin broadcast
resets are more pronounced at story boundaries, whep,, corpus (LDC, 1998) and manually extract the news

compared to utterance boundaries in English broadcagisgions reported by a single speaker. We also annotate
news. However, such story segmentation approaches ma

be different for a tonal language such as Mandarin Chi- *http://www.mandarinbook.net/pronunciation/
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f Stor: Utterance Stor; Story
Table 1: The TDT2 subset used in this study. | - " Boundary Boundary ’
Mandarin news sessions reported | LUtterance [[IPI[] Utterance [JIPI[ [Utterance [JIPI]| Utterance
Nature : ¥ ¥ ¥
by a single speaker (13.4 hours) ROI ROI ROI
# of News| 175 (Training: 74, Development: Utteraned  Utterance
SESSionS 50 TeSting' 51) Utterance Final Initial Utterance
_ i . _ N Es K o | N S
Mean Session 276 seconds, 1071 Mandarin char- |Cheracter [t & Bt K %] [P H&lﬁl 3 f 1]
Duration acters Tonal Syllable lian2 he2 guo2 mi4 shul zhang3 anl da2 bal ge2 da2
# of Story| 1085 (Training: 442, Developr |foee =~ 2 2 2 4 1 3 1 2 SN
Boundaries ment: 316 Testing: 327) Translation United Nations Secretary-general Annan Arrived at agda
# of Speakers| 11 (7 females and 4 males) Figure 2: Region of interest(ROI) for pitch reset measure.
Mean Story| 36 seconds, 105 Mandarin chardc-  gydio stream, we search forwards and backwards on both
Duration ters _ sides of the pause segment for the nearest non-zero pitch
Transcriptions Dragon ASR recognizer, GBr  measurement sequences. The two pitch sequences found
encoded word-level transcriptions  are used as the pitch contours for the left and right tonal
in XML format syllables of the ROI, respectively. This approximation is

reasonable because a Mandarin tonal syllable usually ex-

the news story boundaries in this subset. These singﬁ: i i itch ; ithin its time durati
speaker sessions typically contain between 3 to 9 sh lb' S acontinuous pitch contourwithin is time duration.

news stories separated by pauses and constitute abgut _ } ; ;
30% of the entire TDT2 Mandarin corpus (by time du-9r gpeatkir al'nd. TQn&NO(;‘mgIIEed F::;tCht
ration). The selected subset is divided into training, de- €sel Analysis In Mandann broadcas

velopment and testing sets. Details are shown in Table 1. News
3 Region of Interest and Pitch Extraction We m_vest_lgate the pitch reset behaw_or in the ROIs, i.e.,

) i ) _the pitch jump between the left and right tonal syllables
Previous work on English news segmentation (Shriberg; ytterance and story boundaries across all corpus audio.

et. al., 2000) measured pitch resets at inter-word boundince pitch is a speaker-related feature, we adopt speaker-
aries. Since Chinese news transcripts come as a charggrmalized pitch reset, defined as

ter stream and each character is pronounced as a tonal PR—Fn —F (1)
syllable, it is more reasonable to investigate the pitch & here Fo, and Fy, are theogpeakoé;—normalize d pitch for
set phenomenon at the syllable level. We assume thattf?e left and right tonal syllables in the ROIs, which are
story boundary must occur at an utterance boundary. The lculated usin
utterances are separated by labeled pauses in the V(Sﬂ g

transcriptions ([P] in Figure 2) and a story may contain Fo = (fo - 'u;o)/a;q‘ (2)
various utterances (between 2 to 38 in the corpus). Theréa denotes the mean value of the pitch contour of a tonal
fore, we only investigate pitch resets in inter-syllable reSYllable uttered by speaker i anda?, are the pitch
gions across two consecutive utterances as shown in Figiean and standard deviation calculated for speatreer

ure 2. This is reasonable because there are only 6 std?y the ROIs of speakerin the corpus.

boundaries (out of 1085) that are not signaled by pausewe measure the_ speaker—_normalized pitch resets in_ all
breaks in the corpus. The region of interest (ROI) is limROIS, and categorize them into two boundary types, i.e.

ited to only two tonal syllables, i.e., the last tonal syllable/{térance boundary and story boundary. To show the ef-
of the previous utterance and the first tonal syllable of th€cts Of tonality in pitch movement, we also categorize
following utterance. We have performed experiments off!® Pitch resets by different tone combinations (16 com-

window length selection and results have shown a widd¥inations for 4 Mandarin t_oné_)s Figure 3 plots the mean
window does not bring a noticeable improvement. PR of each tone combinations for the two boundary

Raw pitch values are extracted by the YIN pitchtypes calculated on the corpus data. We see that the pitch
tracker (Cheveigné et. al., 2002). The output pitch trafeset phenomenon holds for all tone combinations, even
jectories are ranked as “good” and “best” by the pitcﬁorthetone pair (1,3) (i.e. high, low) that has a very small

tracker. Pitch values for unvoiced and pause segments drset. We perforrt_rtests P < 0.0025, one-tailed), which
assigned to be zero. We keep the “best” pitch trajectoriea'©W that for a given tone pair across a boundary, there
for pitch reset measurements. We focus on pitch resetsif @ Significant difference irPR between an utterance
the ROIs and thus obtain pitch contours for the left an§oundary and a story boundary. However, fh& val-
right tonal syllables for each ROIs. However, the corpud€S Vary greatly across different tone pairs. For example,

transcription does not provide time annotations for those 2The neutral tone is not considered here since its pitch pat-
tonal syllables. Therefore, in the pitch trajectory of arern depends heavily on its neighboring tonal syllables.
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Figure 3: Mean speaker-normalized pitch reset of the 1Bigure 4: Mean speaker- and tone-normalized pitch reset
tone pairs for story and utterance boundaries. of the 16 tone pairs for story and utterance boundaries.

pitch resets are reduced for the tone pairs (1,3) and (4,3mplemented by the IND toolkit. The pause duration
but are pronounced for the tone pairs (3,1) and (2,1). Thireshold was selected by a heuristic search procedure
t-test p < 0.0025, one-tailed) shows that theR differ-  described as follows: We experimented with pause du-
ence between utterance boundaries and story boundarig§ions ranging from 0.1 to 4 seconds with step size of
arenot significant. This motivates us to formulate a defi9.1 second. In each case, we hypothesized raw bound-
nition for speaker- and tone-normalized pitch reset.  arjes in the training and development sets. A decision tree
The speaker— and tone-normalized pitCh resetis deﬁﬂ%s then grown using the raw boundary hypotheses of the
as: training set, and tested on the raw boundary hypotheses
PR = For — For, (3)  ofthe development set. The pause duration leading to the
where Fo; and 7, are the speaker- & tone-normalizedpighestF-measure on the development set was selected

pitch for the left and right tonal syllables in the ROIs,as the optimal threshold for the further experiments on
respectively, defined as the testing set.

Fo=(Fo—pp,)/08, 4) We develop seven story boundary detectors according
whereFy is the speaker-normalized pitch in Equation (2}o the features used (see Table 2). The boundary de-
of a tonal syllable with tone. ;7 ando7, are the pitch tection results on the testing set are shown in Table 2.
mean and standard deviation calculated for the tonal syirom Table 2, we can see that the detector using pause
lables with toner over all ROIs in the corpus. Figure 4 duration achieves a high-measure of 82.2%. This re-
plots the meaPR of each tone combinations for the two sult is reasonable since VOA Mandarin news broadcast
boundary types calculated on the corpus data. makes large use of long pauses at story boundaries, es-

Figure 4 shows a clear separation in speaker- and tongecially at news sessions reported by a single speaker.
normalized pitch resef{R) between utterance and story The detector using raw pitch reset-(= fo, — fo;) only
boundaries (shade area in Figure 4). This result is stgets aF-measure of 50.8% and the speaker-normalized
tistically significant based ontatest p < 0.0025, one- pitch reset PR) achieves a slightly bettdf-measure of
tailed). This observation suggests that speaker- and tore.3%. Speaker- and tone-normalized pitch reget)
normalized pitch reset may be an effective story boundamgchieves a superior performance with Bimeasure of
indicator for Mandarin broadcast news. 71.1%. This result is consistent with the observations
5 Experiments on Story Boundary in Section 4. The st(_)ry boundgry indicative ability of

. speaker-normalized pitch reset is affected by the tonal-

Detection ity of Mandarin syllable. Speaker- and tone-normalized
We perform experiments on story boundary detection gitch reset can alleviate the effects, thus leading to a bet-
the ROIs in the corpus. Since all ROIs are utterancgr discrimination. Based on Table 2, when pause is
boundaries, of which only some are story boundaries, wgombined with raw pitch reset, tHe-measure degrades
take a“hypothesize and classifyapproach in order to from 82.2% to 68.3%. Thé&-measure reaches 77.4%
strike a good balance between recall and precision. Wghen we combine pause with speaker-normalized pitch
first hypothesize the occurrence of a story boundary feset. When pause is combined with speaker- and tone-
the ROI has a pause duration that exceeds a threshofbrmalized pitch resePausePR), the besF-measure
This is followed by a decision tree classifier that decidegs achieved at 86.7%.
on the existence of a story boundary. We used Quinlan's
C4.5-style decision tree (Quinlan, 1992) as the classifier, *http://ic.arc.nasa.gov/projects/bayes-group/ind/
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Table 2: Story boundary detection experiment results(%)

Feature | Recall | Precision| F-Measure
Pause 77.1 88.1 82.2
pr 52.0 49.7 50.8 oaona
PR 56.6 54.1 55.3 >=4915
PR 703 720 711 <1.112 >:1v11N20.ILF‘!|NDsllh-'ree Sub-tree >=0.3513 <0.3513
Pause+pr 66.4 70.3 68.3 >=0715Qf  \<0.7150
PausetPR | 72.2 83.5 77.4 sub-tree V0 2 Zewo < 8w NoTEND 4
PausePR | 82.6 91.3 86.7 Figure 5: Decision tree for story boundary classification
Table 3: Heuristics for story boundary decision ~ based on th®ause+PR feature set. BND denotes story
. Story boundary, and NOBND denotes not story boundary.
No. Description Boundary? _ .
oundary: arate utterance boundaries from story boundaries across

Pause duration is shortP( <
1 | 1.475) and pitch reset is small ~ NO

all tone pairs. This result shows the difference be-
tween English and Chinese. Previous work for En-

(PR < 0.401)

Pause duration is shortP( <

2 1.475) and pitch reset is hug
(PR > 1.112)

Pause duration is lon@ @315 <

3 | P<4.915) and pitch resetis big ~ YeS
(PR >0.715)

Pause duration is long( >
4 | 4.915) and pitch reset is low ~ NO
(PR < 0.3513)

glish (Shriberg et. al., 2000; Tur et. al., 2001) shows
that speaker-normalized pitch reset is effective. This
work shows that the same measurement is not sufficient
for Chinese; instead we need to use speaker- and tone-
normalized pitch reset in Chinese story segmentation.
When pause duration is combined with speaker- and tone-
normalized pitch reset, the best performance is achieved
with a highF-measure of 86.7%. Analysis of the deci-
sion tree uncovered four major heuristics that show how
speakers jointly utilize pause and pitch reset to separate

. L speech into stories.
Figur hows the top levels of th ision tr - S . :
gure 5 shows the top levels of the decision tree ob Future work will investigate the pitch reset phe-

tained using th®ause+PR set. We can observe the com- .
nomenon in Cantonese broadcast news, because Can-

plementarity between pause duration and pitch reset Lgnese is another major Chinese dialect with more com-
story boundary detection. This may be summarized i !

terms of four majoheuristicsshown on the tree (labeled plicated tonal characteristics. We also plan to incorporate

as 1to 4 in Figure 5). These heuristics cover about 83‘%“)500".C cues with lexical cues to fgrther improve perfor-
decisions made on the testing set, as described in Tablg32nce N Chinese story segmentation.

Heuristics 2 is mainly used to detect possibly miss:
ing story boundaries with short pauses caused by speal@?ferences
Speaking Sty|e’ e.g., reporters Li We|q|ng and Yang Cheﬁhriberg E., Stolcke A., H.akkani-T'L]r D and Tur G. .2000.
tend to use short pauses to separate news stories, but the? rosody-based automatic segmentation of speech into sen-

- . ences and topicsSpeech Comm32(1-2):127-154.

tend to offset the reduced pauses with pronounced pitch
resets to signify story boundaries. Heuristics 4 detecfBir G. and Hakkani-Tiir D. 2001. Integrating Prosodic and
possibly false alarms due to broadcast interruptions in Lexical Cues for Automatic Topic SegmentatiocBomputa-
boundary detection. These interruptions (i.e. silences) fional Linguistics 27(1):31-57.

usually occur within a news story and may last for sevtevow G. A. 2004. Prosody-based Topic Segmentation for
eral seconds (usually 5 seconds). Mandarin Broadcast New®roc. of HLT-NAACI.137-140.

6 Summary and Future Work The Linguistc Data  Consortium. 1998.

This paper investigated the combined use of pause dura-NtP-/projects.ldc.upenn.edu/TDT2/

tion and pitch reset for automatic story segmentation ifle Cheveigné A. and Kawahara H. 2002. Yin, a fundamental
Mandarin broadcast news. Pitch reset analysis on Man- frequency estimator for speech and musitournal of the
darin broadcast news shows that story boundaries cannot?coustic Society of America11(4):1917-1930.

be disc_rimina_\ted from utterance boundaries by _speak_efseng C. Y, Pin S. H., Lee Y., Wang H. M. and Chen Y. C.
normalized pitch reset, because speaker-normalized pitch2005. Fluent speech prosody: Framework and modeling.
reset varies greatly across different tone pairs of boundary Speech Comn46:284-309.

syllables. This mouvatgs us to mvestlgatg the Speake{?uinlan J. R. 1992.C4.5: Programs for Machine Learning
and tone-normalized pitch reset. Analysis shows that vorgan Kaufmann.

speaker- and tone-normalized pitch reset can clearly sep-
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