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ABSTRACT

The spotting-based method is thought to be an effec-
tive fundamental techniques for understanding the natural
chain of human speech, so we applied it to two real-world
tasks. The first is to automatically extract the intent of
speakers in various contexts such as meetings and unstruc-
tured private conversations. The second task is to retrieve
speech data. It is difficult to deal with these two tasks by
using simple word spotting. We believe connected word
spotting, also called concept spotting, is a more effective
method. This paper describes a series of preliminary ex-
periments of keyword spotting using TV news and talk
programs as raw material. We explain the necessity and
the methodology of connected word spotting. The results
of the experiments show the effectiveness of connected
word spotting.

1. INTRODUCTION

Speech recognition technology is rapidly becoming more
sophisticated, and is beginning to be used in the real
world. The spotting-based method may be a good ba-
sic technique for understanding the natural chain of hu-
man speech(7]-[9]. Many spotting-based systems, how-
ever, merely classify the topics, rather than understand
their contents. We have been studying the speech under-
standing systems based on spotting techniques|[1]-[4] and
applied to the following two tasks in the real world.

The first task is to automatically extract the intent of
speakers in various contexts including meetings and un-
structured private conversations. The second task is to
retrieve speech data. With the advancing digitalization of
speech and visual data, technology for effective retrieval is
expected to become important[10].

We conducted a series of preliminary experiments of
simple keyword spotting. The results show how difficult it
is to do the above two tasks using simple word-spotting
with a large vocabulary because of spouting FAs(false
alarms), which are typical insertion errors for spotting.
Meanwhile, we have been arguing the significance and ef-
fectiveness of connected word spotting, as we call concept
spotting or sentence spotting[1}-[4]. We believe this con-
nected word spotting is a promising method for these tasks
because acoustic redundancy increases and the perplexity
of the tasks is reduced with some constraints. This pa-
per clarifies the technological problems in simple keyword
spotting to handle the above tasks, and presents and veri-
fies the new connected word spotting method as a solution.

We used everyday TV news and talk programs as the
input data.For the first task, extracting intent, we applied
keyword spotting and connected word spotting technics.
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The constraints of word connection was obtained from
newspaper articles in the connected word spotting process.
Regarding the second task, speech retrieval, we prepared
a list of keywords corresponding to the speech section of
interest for keyword and connected word spotting. The
speech section where many outputs are generated can be
sought in speech database.

We experimented with keyword and connected word
spotting methods to see whether they were effective for
the above tasks. Chapter 2 of this paper examines the
technological problems of keyword spotting based on the
preliminary experiment results and proposes a method for
connected word spotting. Chapters 3 and 4 describe and
examine the results of the experiments applying the key-
word and connected word spotting methods to retriev-
ing speech and extracting intent from broadcast television
news. Finally, we draw a conclusion and point out some
future paths that need to be explored.

2. CONNECTED WORD SPOTTING
2.1. Limitation of Keyword Spotting

Most conventional spotting systems cover a small vocab-
ulary of up to 100 words because insertion errors called
FA(false alarm)s and omission errors become excessive as
the vocabulary grows larger. Fig.1 shows the results of a
preliminary experiment on the ratio of correct detections
to FAs at various sizes of vocabulary. When FAs are nor-
malized for the vocabulary size and time (FA/KW /hour),
the performance of a spotter as a stand-alone unit can be
evaluated. However, it is difficult to evaluate the spotter
performance in an application. Therefore, for the horizon-
tal axis of the evaluation index, FAs are normalized for
the frequency of the keyword as Fig.1 shows. Increasing
the number of keywords sharply increases the absolute FA
count. For a vocabulary of 300 words, five times FAs occur
until 80 percent of keywords have been detected. These
results mean that it is difficult to extract the intent simply

vocabulary size={ 10, 30,
100, 300,
600,1127%

5 10 15 20
FA/KW_occurrence

Fig.1: Detection rate and ratio of false alarms to keywords
for different vocabulary sizes
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with keyword spotting, so we must find a way to reduce
these FAs directly. It is thought to be effective to directly
apply linguistic and semantic constraints to word spotting
and to expand it into connected word spotting.

2.2.Methodology for Connected Word Spotting

This section explains the connected 1
word spotting method, which is a start

and end point free algorithm and is 3 3
applicable to HMM with small modi- (2]
fications. Word W, is represented as A
standard pattern R;(t) by a feature (3)

sequence of T (1 < 7 <7T;). Assuming Fig.2: Local con-
the local distance between the input straints and
t and node T as d(¢,T), a recurrence slope weights
formula for total distance, and so on,

is shown. For simplicity, local path constraint and asym-
metric slope weights that put weighting only on the frame
direction of the standard pattern, as shown in Fig.2, is
used. For the i-th word 3, it is assumed that P; is the
total distance, Q; is the total distance history, Wi is the
word history, and N; is the history count. The following

initial conditions are assumed:

P’i(_l’r) = Pi(O,T) = o0
Nio1r) = N0,y =0 CSTST )

When 7 = 1, expressions (2) to (4) described below are
performed to succeed the history if word 7 is preceded by
another word. R Here, 6(3,7) is 1 if word i can be con-
nected to word 7 and is 0 if not, and F(j, m,t) shows the
degree of matching of word j, which precedes word i at
current time t, in m frames before. Therefore, expression
(2) means to select the

is minimized (best) in the most recent M frames, that
is word 7* with the highest degree of matching. If there is
no preceding word, only expression (4) is performed.

(5*,m*) = argmin; m F(j,m,1t) (6(i,7) =1) (2)
Qi(t’1>k) = Q’J*(m*vk)

Si(b 1K) = Sia(m™E) (1< k< N (m")
Nit,1) = N} (m?) ®)

Ni(t,l) += 1

Si(t,1, Ni(£,1)) (4)

Pi(t,1) = 3-d(t,1) (5)

Q) (m) and S}(m) show the total distance and word history
at the last node of word j in m frames before. These two
values are stored for M frames by expression (8).

If 2 < 7 < T;, the following expression applies in the
same way as for ordinary contimuous DP. In the third ex-
pression of expression (6), Pi(t —1,0) =0if 7 = 2.

Pi(ta‘r) =
Pt —2,7—1)+2-d(t—-1,7)+4d{t,7)
min{Pi(t—l,T—-l)—i—?)-d(t,T) (6)
P(t—1,7—2)+3-d(t,7 - 10+ 3-4d(¢,7)
Q,‘(t,‘r, k) = Qi(t*,T*,k) (1 < k < Ni(t*,T*)) (7)
S:(t, 7, k) = S:(t*, 7", k)

Here, t* and 7™ indicate the nodes selected out of the three
nodes ((t-2, 7-1), (t-1,7-1), (¢-1,7-2)) in (6). In the last
node T = T} of pattern i, the following expression applies:
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Qi(t,Ti,Ni(t,Ti)) = P4, ;)

N!(m) = Ni(m — 1) (2 <m< M)

{ Qi(m, k) = Qi(m —1,k) (2<m< M)
Sim,k) = Sim—1,k) (1<k<Ni(m)

N1 = Ni(¢,T3)
QiR = QtTuk) (1<k < Ni(tT)
S{1,k) = Si(t,Ty,k) (8)

Assuming the output value at time t to be A(t), the fol-
lowing expression applies according to the total distance
history etc. at the last node of word ¢. This output value
can be controlled in the same way as in keyword spotting.
The spotted word sequence can be obtained from word his-
tory S+ (¢, Tix, k) of final word i* giving the optimal path.
L(3), however, indicates the frame length of word i.

NI
DAL (1, k
A(t) = min F(4,1,1) = min e QL) 9)

SO ey fn)
Sty L(Si(1,K))

2.3. Results of Connected Word Spotting

Some experiments were conducted to evaluate the per-
formance of this method in sentence spotting recognition.
The speech data was collected from 10 men, each saying 11
sentences consecutively. All data was input to the system
together. The vocabulary was 113 words, and a sentence
contained 5.6 words on average. Phrases were used as units
of recognition instead of words. A phrase connection ma-
trix was used for the constraints, and the phrase perplexity
was 8.7. The speaker independent word models, which are
explained in the next section, were automatically created.

We assumed that a sentence was recognized correctly
if all words in the sentence were recognized at the end of
its utterance. We also assumed that a sentence could be
detected if a sentence of the same syntax structure was
output although the output contained one or two substi-
tution errors. In the experiment, the sentence recognition
rate was about 70, and only one FA occurred throughout
the entire experiment. Thus, the validity of the connected
word spotting method could be shown.

3. INTENTION EXTRACTION
FROM TV SPEECH

3.1. Speech data and experimental conditions

We chose television speech data such as sports news be-
cause of its clear intent. In the present experiments, sumo
(Japanese traditional wrestling) score reports and com-
mentary were used as specimens. In the sports news,
the announcer reports the results of major matches out
of about 20 sumo matches by about 40 wrestlers, indicat-
ing the winners, winning techniques, and the bout results
of each wrestler so far. The report is uttered in a few
phrases, and is similar to television reports of soccer or
baseball game results.

An ordinary TV sumo news program was video-
recorded and the speech signal was converted intoa digital
record (20 to 130 sec/data). The average speech speed of
three of the data was about 9.1 mora/sec. The announcers
were speaking rather quickly.

Keywords should be typical words characterizing the
contents of the speech and automatically selected from
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newspapers, but for the present experiment, words that
characterize sumo matches were selected manually from
the newspapers over a two-week period. In practice, this
amounted to 350 words mainly consisting of independent
words describing wrestlers’ names, winning techniques, ba-
sic techniques and bout results.

As Fig.3 shows, the model of each keyword is converted
from description by characters into a standard pattern
of description by demi-phoneme (a model more detailed
than one using phonemes). Spotting is performed based
on the demi-phoneme description standard pattern, demi-
phoneme recognition results at the demi-phoneme level.

A sampling frequency of 15 kHz and a frame interval
of 8 msec were used with a 20-channel filter bank in the
analysis, a blurred spectrum vector field was used for the
features[6].

Input Speech
\

Feature Standarc! Patterns |

:Demi—phoneme candidates | |(Demi-phoneme seq.)|
A

S \*% e

: .
iSpeech! Il Spotting |;
: ‘,QB,_ L“T'—‘
T | Output Word Sequence |

Fig.3: System Configuration

3.2. Results and review

The results of keyword spotting for these data are shown
in Fig.4 and Fig.6. The vertical axis represents distance
and the horizontal axis represents time; the actual words
spoken are printed under the horizontal axis. The bold
line segments accompanying the spotted words and the
spoken words show the durations of those words.

The spoken keywords were as follows: ”"Sumo wrestler
HIGONOUMI achieved KACHIKOSHI (8 wins out of 15
matches) by GORE’NSHO- (five consecutive wins), and
sumo wrestler TAKANONAMI achieved KACHIKOSHI
by a HUSEN’SHO- (win by default) because of his oppo-
nent’s KYU-JO- (absence due to injury).

With the simple keyword spotting process shown in
Fig.4, false alarms are frequent and it is difficult to ex-
tract the intent directly, even by parsing those spotted
word for such non segmentated speech data. To reduce
false alarms, we proposed a method of clustering keywords
by semantic classes. The use of a clustering process sub-

Distance [T e
N Ren oo Tetmer ame oS,
90000 Ay Rmpshima Magsho- Tl .
} : oWt

anoshima _Fan Yo

800,00 | Tohinage  CEaficr Hemn sho |
4 |‘oshi Vo—sho- owasa
70000 | g | =l ; ‘
: sho= Kyu-jo—
600.00
; Kansho- i ¢
1 i mn'g:ho— !
500,00 | ; :
. Higono-mi
400,00 | i i :
Toren'sho— | : ‘
. I i
30000 . i o : Secp»nd
1000 GORENSHO200 27 8600 KaCHIROSHBE00
TARANONAMI

HICTROUM! RATHIKOSHI RYOuIOU HOSENSHO

Fig.4: An example of results by simple KWS
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Fig.5: FAs reduced by clustering

stantially reduces false alarms because superfluous false
alarms cancel each other out within the clusters, as shown
in our preliminary results in Fig.5. Fig.6 shows the ef-
fectiveness of this method also with ten clusters in this
experiments, compared with Fig.4.

Even after the clustering treatment, the keywords that
are output also have to be filtered, but filtering using only
acoustic matching and time consistency was ineffective.
For this filtering, strict grammatical restrictions on the
relations between keywords are meaningless. We think we
need a spotting process that uses linguistic and semantic
knowledge collected from newspaper text to anticipate the
subsequent words. Our sentence spotting techniques|1]-
[4] or connected word spotting proposed in previous sec-
tion can be applied for this purpose. We executed the
experiment using the connected word spotting methods
mentioned in previous section with cluster connection con-
straint obtained from newspaper text, where the word per-
plexity was 67.3. Fig.7 shows sample results.

In the first example in Fig.7, the same keyword string
as that spoken is spotted at the end of the spoken key-
word string. In the second example, although there was
an output of a keyword string containing the spoken key-
word, this string was not correct. No other obvious false
alarm, however, was output in these two segments accord-
ing to the same reason as clustered spotting, though there
were intermediate results such as “Higono-mi Goren’sho-”
of “Higono-mi Gore’sho- Kachikoshi.” In this two-minute
experiment data, the results of eleven matches were broad-
cast. This method extracted the meaning (the winner) for
about half of the eleven matches. There were about 4 out-
puts that included fatal errors or that were not related
to the speech, which were regarded as false alarms except
correct intermediate results.

Distance
900.004 Remko- ) ;
©Roshmaumt | i . ‘
ki Damarjoshima ! CW}]\]}:&
800.00 | — . _Koshinage .. . b -:] ‘ESS::S"L
i Nodowa | Mool
‘ Ad @cﬁiko@ - ‘%‘ v aqs?-.o—
70000 o Remshus ) (= !
Migi T
| y
| }
600.00.| :
: Shinkho-
500.00 i
Een) |
400.00 = - H
! ]
\ aorcn's@ ‘
30000 ‘ Second
2 E ¢ d
1000 GORENSHO200 2 8600 KACHTROSHES.00

TARANONAMI

HIEBROUMI RACHIKOSHT RYOUIOU FUSENSHO

Fig.6: An example of results by clustered KWS
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Higono—mi,Goren’sho-,Kachikoshi

Higono-mi. Goren'sho—|

| | t
10.00 12.00

Spoken Keywords = Kachikoshi
P Y Goren’sho—

Higono-mi

example 1 [

example2

Takanonami, Sen’te, Hagsho— 1
| t
88.00 Kachifoshi
Spoken Keywords Tusen’sho—
anonami

akeyword representing T Zio—
previous intention \/,y}

Fig.7:Examples of results for connected word spotting

4. SPEECH DATABASE RETRIEVAL

4.1. Speech data and experimental conditions

For the experiments, the same speech data and analysis
method were used as described in the previous section. For
retrieval, we extracted as keywords several words likely to
connect with the target-of-attention speech data segment,
for example, the champion’s match segment in the case of
sumo matches.

4.2, Results and review

Fig.8 shows an example of the results from about two min-
utes of television data of match results. Five keywords:
YOKOZUNA (champion), TAKANOHANA, AKEBONO,
IPPAI (one loss) and KACHIKOSHI were selected for use.
In this experiment, there were few false alarms, and there
were many hits in the sections where several keywords were
spoken consecutively, as Fig.8 shows. These hits are also
high in acoustic matching degree, as indicated by the el-
lipse in the diagram, and can be used as output data to
represent the retrieval results.

Where keywords were not spoken consecutively, false
alarms and hits were present intermittently. We thought
this could be avoided if the connected word spotting pro-
cess were applied. We limited output to instances in which
any two keywords are spotted within a certain period.
There was no output(no FAs) within the period 0 to 100
seconds shown in Fig.8, and the output converged in the

Dis}ancc
950 . ! 2 : ‘
" o ; ! f |
900 . Takanohana i e ! ]
: . ! i Igpai 1 Ta.kan:}'lana
850 | o i ; : | ; !
i i ! 1 i
i Takanoh: | i : :
00 anol ?na | : ; ;
e : | { Takanohina
750 ;\lgqphik,m) i ; | akanon; K
i bl . H i
700 ; ! !
| i | [
630 | ; : i
i © KaghiRoshi
600 . P 1
: o
i Akebong | |
zn | ! {
550 ; T —e Aqpai
500 ¢ Takanohan: O'} Second
o G20 40 60 80 o 100 120
KACHI H OKXACHIKOSHI
KACHIKOSH! CHIKOS lAKEBONO °, IPPAI

TAKANOHANA ©
Fig.8: Example : Speech data retrieval result by
simple KWS
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section where keywords were spoken consecutively. These
results seem to verify that in the case of speech data re-
trieval also, connected word spotting can be an effective
method.

5. CONCLUSION

We did a series of preliminary experiments using actual
television news commentaries to research ways of aufo-
matically extracting intent from speech data and ways of
retrieving data from speech databases. The results of these
experiments showed the effectiveness of the methods based
on connected word spotting.

Future efforts will be directed towards using much
amount of speech data, and, in the area of extracting in-
tent from conversation speech data, towards improving the
results by developing our methodology by using linguistic
knowledge obtained from newspaper texts.

It is difficult to evaluate this system because interme-
diate results are also output for connected word spotting.
We are looking for an appropriate evaluation method so
that the system can be evaluated quantitatively.

Regarding speech database retrieval, a quantitative
evaluation will be conducted. In addition, we will also
try to develop the use of speech keyword input signals,
rather than the present textual ones.
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