Proceedings of the International MultiConference of Engineers and Computer Scientists 2008 Vol I
IMECS 2008, 19-21 March, 2008, Hong Kong

Automatic Closed-Caption Alignment Using
Pronunciation of Speech Recognition Transcripts
for Public Relations TV Program
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Abstract— When closed-caption texts attach to a
video data, it is important to decide the timing of
the closed-caption. For this problem, speech recogni-
tion results are generally used to match the closed-
caption texts with speeches in the video. However, it
is not easy to detect matching points for spontaneous
speeches due to a lot of redundant words and restate-
ments. Moreover, the speech with background noises
and indistinct pronunciations makes it so difficult to
detect the voice activity and gives a serious effect on
mis-recognition. This paper proposes a method for
calculating the correspondence between a phoneme
sequence of the closed-caption text and a phoneme
sequence of the recognition result using the confu-
sion matrix of the recognized phonemes. To show the
effectiveness of this approach, some experiments are
demonstrated for public relations TV programs. The
experimental result shows that the proposed method
is effective to decide the timing of the closed-caption
in such case the closed-caption reflects for speech con-
tents sufficiently.

Keywords: Closed-caption alignment, Confusion ma-
triz, DP matching, Speech recognition, TV program

1 Introduction

Recently, the development and spreading of closed-
caption on TV program are the important issues for
hearing-impaired people to access more information eas-
ily, so the Japan government (the Ministry of Internal Af-
fairs and Communications) amended the Broadcast Law
to expand the closed-captioning programs. Now, 40.8%
of NHK (Nippon Hoso Kyokai or Japan Broadcasting
Corporation) and 27.5% of the main 5 commercial TV
stations have the closed-captioning programs[1]. More-
over, terrestrial digital broadcasting that has started from
2003 in Japan is providing some additional information
with TV programs as a standard function, so the closed-
caption and other information are beginning to be uti-
lized widely. Besides, a framework that can provide the
closed-caption texts to streaming videos on Web browsers
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easily was standardized, so the closed-caption service on
Web site is expected to spread more and more (Fig.1).

There are the following two problems when attaching the
closed-caption texts to the video data[2], [3]: (1) what
content is each closed-caption text given? (2) which tim-
ing is each closed-caption text displayed at? In addition,
the former problem requires to modify each text into some
appropriate form and length after dictation by hand or
a speech recognizer in the case no manuscript text ex-
ists. On the other hand, for the latter problem, there are
quite a few case that transcripts or manuscript texts can
be utilized, so it makes important to calculate the corre-
spondence between the video and the closed-caption text
automatically and accurately.
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Figure 1: Example of closed-caption.

To cope with this correspondence problem the method
matching the closed-caption texts with the result of
speech recognition is used generally. For example, a
method for matching the words in the closed-caption
texts with that in the speech recognition results has been
proposed in [4], [5]. As another example in [6], they have
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proposed a method for matching the length of the closed-
caption with that of the speech recognition results.

In these approaches, however, it is not easy to detect
matching points between spontaneous speeches and the
closed-caption text due to a lot of redundant words and
restatements. These are included in the spontaneous
speeches but are removed from the closed-caption texts.
In addition, there is another problem that background
noises and/or indistinct pronunciations make it difficult
to detect the voice activity and to perform speech recog-
nition accurately.

In order to cope with these issues, in this paper, we
propose a method for calculating the correspondence of
a phoneme sequence of the closed-caption texts and a
phoneme sequence of the recognition results using a con-
fusion matrix and we conduct some experiments for eval-
uation of performance.

2 Automatic Closed-Caption Alignment

A basic idea is to detect appropriate points corresponding
to the start point of the closed-caption text from sound
waves using DP (Dynamic Programming) matching,.

The detail of the procedure is as follows.

1. derive sound data from video data.

2. divide the sound into some waves with an appropri-
ate length.

3. recognize each sound with a speech recognizer.

4. obtain a phoneme sequence with corresponding time
from all results of speech recognition.

5. convert a closed-caption text into a phoneme se-
quences of pronunciation.

6. calculate a correspondence of the phoneme sequences
of the recognition results and that of the closed-
caption text with DP matching algorithm.

Here, in the second process, the partition of the sound
waves is performed by comparing a threshold of the
power-difference (70dB is used here) !.

Note that the purpose of this partition process is for the
constraint of the speech recognition, not for the voice ac-
tivity detection. A method for calculating the correspon-
dence of each utterance after detecting the voice activity
has also been proposed. However, the accuracy of the
voice activity detection strongly depends on background
noises and a recording environment. So, in this paper

1To calculate a power of speech signals, 150ms windows size and
10 ms frame length are used.
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the correspondence is calculated without the voice activ-
ity detection.

In the third process, the speech recognition is conducted
with unigram language model only. The reason of not
using bigram and trigram language models is that a lot of
substitution errors for words tend to occur due to weights
for these language models.

3 Algorithm for Matching
3.1 DP matching

Let A = {a;|(¢ =0,...,N)}and B = {b;(j =0,...,M)}
denote the phoneme sequence of the closed-caption text
and the phoneme sequence obtained from the recognition
result, respectively.

The optimal distance between A and B can be obtained
by calculating the following DP recursive equation,

D(Zaj - 1) + Dins>
D(i —1,7) + pdel-

D(i,j) = min

Here, d(i, j) is a local distance between phonemes a; and
b; defined by using a confusion probability p(b;|a;) as
follows:

d(i,j) =1 - p(bjlai).

As the penalties of insertion and deletion pins, pger for
vowels and consonants, we used pi(r‘l's), pi(ﬁg, pg‘;)l, pg?l, be-
cause it can be assumed that the occurrence probabilities

of them are differ?.
3.2 Confusion Matrix

As described above, it is so difficult to recognize low
quality speech signals with a lot of noises or background
sounds, so the correct correspondence of the phonemes
can not be calculated accurately. To cope with this
problem, we attempt to utilize a confusion matrix for
calculating the local distance in Eq.(1). Each element
of the confusion matrix is calculated as a probability
that each phoneme is recognized correctly or is misrecog-
nized as other phonemes, which is obtained from training
speech data in advance. For training data we used the
speech data of lectures included in Corpus of Spontaneous
Japanese[7]. To be concrete, we used 74 minutes data
that consist of the following six lecture data: A01F0055,
A01F0067, A01F0122, A01F0132, A01F0143, A01F0145.

Phonemes used in experiments are shown in Table 2.
We calculate the confusion probabilities between the 41

2(v) and (c) mean vowels and consonants, respectively.
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Table 1: Data used in experiments

Data | broadcasting | broadcasting | # of CC | # of word | # of word | word correct rate of

date time | sentence in CC | in speech speech recognition

A 6/08* | 8min.19sec. 49 1284 1429 26.7%

B 6/16** 3min. 19 489 562 32.2%

C 7/21%* 3min. 22 536 585 21.0%

D 8/3* 8min.12sec. 49 1175 1281 28.0%
*  Komyu! Fukuoka **  Gimon Kaiketsu! Fukuoka Q

Table 2: Japanese phonemes used in experiments

vowels /a/,/e/,/i/,/o/,/u/
long vowels | /a:/, Je:/, [i:/, [o:/, [u:/
consonants | /b/, /by/, /ch/, /d/, /dy/, [f/,

/g/s /eyl /h/, /hy/, [il, [k/,
/ky/, /m/, /my/, /n/, /ny/,
/v/s Ivy/, [/, [xy/, [s/, [sh/,
[t]s 18], W/, [y /2]

moraic silence | /Q/
moraic nasal | /N/

lal /el lil,.... X

el rel

y

Figure 2: Calculated Confusion Matrix

phonemes that include the phonemes shown in Table 2
and a short-pause for the confusion matrix.

Fig. 2 shows the calculated confusion matrix. Each pixel
in the matrix represents a probability of p(z|y). The ma-
trix is arranged in order of the phonemes shown in Table
2 from the top-left corner to the bottom and the right.
The darker pixel indicates the higher probability. Note
that the contrast of the image in this figure is enhanced
for visibility.

As this figure shows, vowels tend to confuse other vowels,
especially long vowels, rather than consonants. Besides,
comparatively many confusions between plosives like /b/,
/d/, /p/ can be seen from this figure.
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4 Experiments
4.1 Experimental Condition

In the experiments, we used a Japanese large vocabulary
speech recognizer Julius[8] ver. 3.4, a language model
trained from Web documents with 60,000 words and an
acoustic model with a gender independent HMM in Julius
dictation kit Ver.3.1. Julius is one of the most famous
speech recognizer and is used for not only Japanese but
also English, French, Slovenian, Thai language, and so
on. These recognizer and models can be downloaded in
Julius Web site[9].

Table 1 shows details of 4 TV programs used in the exper-
iments. These programs were broadcast in 2007 and are
opened to the public at official Web site[10]. Here, “# of
word in CC” means the total number of words included in
the closed-caption texts and “# of word in speech” means
the total number of words included in speech data. The
reason of that “# of word in CC” is about ten percent
less than “# of word in speech” is because redundant
words were removed when the closed-caption texts have
been created.

Table 1 also shows word correct rates in speech recogni-
tion. The word correct rates are the result of the speech
recognition experiments with the trigram language model
and are calculated with transcriptions written by hand as
correct sentences. Note that the speech recognition ex-
periments here are conducted without removing noise and
non-speech parts using a trigram language model.

As shown in the table, the word correct rate of speech
recognition resulted in very low. The reason of this re-
sult is that the target speech included not only a lot of
background noises and overlapped sounds but also a lot
of redundant words and restatements peculiar to sponta-
neous speech.

Examples of a transcription and a closed-caption text are
shown in Table 3. In this table, the words removed from
the closed-caption texts, such as redundant words and
restatements, are shown underlined and corrected words
are shown in the bold style. As can be seen from this
example, in the transcripts of the speech have a lot of
the redundant words.
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Table 3: Example of transcription and closed-caption Table 5: Results for alignment accuracy

text.
Transcript

25X, Ao8, TR—-bF &
. HD, WRiIEOHER &,
B8y, BHRL B O H
MERICE TR, bobhnk
T LTET,

(Well, I bring my own shopping
bag, if possible, instead of using
a paper and ah well, a plastic
bag of department store, ah, and
some shops if possible.)

TR—=h &h, BGeE ORESeY
=B, BN, BYESIC
FLOT, bbbRVEIIIILT
E3 N

(I bring my own shopping bag in-
stead of using a paper and a plas-
tic bag of department store and
some shops if possible.)

CC text

Table 4: Result of phoneme recognition

Data ratio

of number

# of recognized
phonemes

# of phonemes
in CC

6099 5274 1.16

2370 2040 1.16

2309 2111 1.09

g Q|| =

5688 4516 1.26

4.2 Experimental Results

Table 4 shows the result of phoneme recognition.

Using the DP algorithm described in section 3.1, we
calculated the correspondence between the recognized
phoneme sequence and the phoneme sequence of the
closed-caption text. For comparison, we conducted the
following 4 experiments:

(1) without confusion matrix and with fixed parameters

vi) = i) = 0 = P = 1.0)

(1) without confusion matrix and with the best-scoring
parameters (p{") = 0.75,p9 = 0.75,p§‘;)1 =

ins ins

1.0, = 0.5)

v —

(2) with confusion matrix and fixed parameters (p;,. =

P = i) = ) = 1.0)

(2’) with confusion matrix and the best-scoring parame-
ters (p{*) = 0.75,p%) = 0.75,p) = 0.75,p) = 0.5)
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Method
Data 1| @ (2) | (2)
A 0.556 | 0.502 | 0.493 | 0.475
B 0.305 | 0.318 | 0.273 | 0.259
C 0.838 | 0.422 | 0.827 | 0.532
D 1.035 | 1.000 | 1.399 | 1.400

| Average | 0.684 | 0.561 | 0.748 | 0.546 |

Values of each parameter in (1’) and (2’) were decided
as those in the best of the average score for all 4 data
where the parameters were given from 0.25 to 1.0 with
0.25 step.

The following equation is used as the local distance be-
tween phonemes for the above (1) and (1’) cases.

N 0 if a; = bj,
d(i,j) = { 1 otherwise.
Table 5 shows the mean error values between the start

time obtained by the proposed method and that given by
hand.

As can be seen from this table, comparatively good re-
sults were obtained for data A,B, and C by using the
confusion matrix. On the other hand, the result for data
D did not indicate the sufficient effectiveness of the con-
fusion matrix. As shown in Table 4, the reason is sup-
posed to be that the ratio of the number of the recognized
phonemes and that of the phonemes in the closed-caption
text is ten percent more than the ratio of the other data
because the phonemes of the recognition result include a
lot of unnecessary phonemes not corresponding to that
of the closed-caption.

Finally, Table 6 shows examples of the closed-caption
alignment.

5 Conclusions

In this paper, we proposed the method that can obtain
the alignment between a phoneme sequence in the closed-
caption and a recognized phoneme sequence using the
confusion matrix. The experimental result showed that
the proposed method is effective for phoneme alignment
in such case the closed-caption reflects for speech contents
sufficiently.

In this paper, we did not evaluate the timing that the
closed-caption should be removed. To detect the seg-
ment that the closed-caption should not be displayed, it
is need to distinguish the necessary phonemes and the
unnecessary ones. It is supposed to be difficult to realize
the detection of the unnecessary segments using the ap-
proach with the recognition result only. In the future, we
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Table 6: Examples of closed-caption alignment.

CCtext |m i n a s a N - m o - sp
BFIAY (all of you (viewer))

Rec.result | n i r a s a N u m o a sp
=53 pADET (N/A)

CCtext |sh i t e m i m a s e N - Lk a
L CHEEAD (Do you try ... ?)

Rec.result | s - - e N - n a s a N sp t a
BARE AT (N/A)

intend to investigate a method for calculating the tim-
ing of removing the closed-caption with the length of the
closed-caption text or the number of moras in the closed-
caption text. In addition, we also intend to utilize the
scene change information obtained from image process-
ing to calculate the display timing of the closed-caption
accurately.
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