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ABSTRACT

A speaker-independent system for recognizing
sentence speech is proposed based on sentence
spotting algorithm. The system conmsists of 1)
the Partial Matching Method (PMM : this was
already proposed by one of us) for spotting demi-
phonemes, and 2) the Vector Continuous Dynamic
Programming (VCDP) for spotting sentences.

The algorithm for sentence spotting is com-
pletely synchronized with frame of speech analy-
sis.

1. INTRODUCTION

Spontaneous speech includes quite a lot of sen-
tences which are out of the task domain. For
example, we often speak extra short sentences
and/or sentence fragments which are added to
the front and/or the end of sentence to be rec-
ognized. If we take account of conversational and
spontaneous speech as the object of recognition
system, it is convenient for us that we are allowed
to speak the sentences out of the task domain.
These situations suggest that the sentence spot-
ting seems quite suitable to the system which is
robust and also manages to spontaneous speech.
So far, the word spotting has performed a similar
role for spontaneous speech recognition. The unit
of sentence to be spotted is superior to the one of
word. We will propose a powerful algorithm for
sentence spotting which works frame-wisely and
also has a simple architecture suitable to parallel
computation.

2. SENTENCE SPOTTING SYSTEM

The sentence spotting is realized by a system
shown in fig.1. The main body of the system is
to carry out both demi-phoneme recognition and
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segmentation free optimum matching for sentence
spotting. The system consists of three kinds of
processing unit and two kinds of stored reference
pattern.
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Figure 1: Continuous speech recognition system
based on sentence spotting.
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First, let us describe the three kinds of pro-
cessing unit. One of them is the processing for
extracting frame feature of speech called blurred
vector field of spectrum [1]. The feature is more
useful for recognizing demi-phonemes than spec-
trum because it can represent both dynamic and
static feature of spectrum. In order to make the
feature speaker-independent and distinguishable
among demi-phonemes, the time blurring for vec-
tor field of spectrum is quite important. The sec-
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ond processing unit is a frame-wise spotting algo-
riﬁhm called the Partial Matching Method (PMM)
2].
[ The PMM uses standard patterns of connected
three demi-phonemes which are made from the
speech data of 492 words with balanced phoneme
each of which is spoken by 10 speakers. Each stan-
dard pattern is a segmented sequence of feature
vector and also indicates a category of connected
three demi-phonemes. The PMM is a frame-wise
algorithm to spot a category of demi-phoneme for
each frame by means of both spotting a category
composed by connected three demi-phonemes and
calculating a running histogram of demi-phoneme
symbols assigned to past frames. The frame-wise
output of the PMM is a list of the best six demi-
phoneme candidate symbols. The third process-
ing unit is a matching algorithm called the Vector
Continuous Dynamic Programming described in
this paper.

Second, let us describe the two kinds of stored
reference pattern. The first one is a set of stan-
dard pattern each of which represents connected
three demi-phonemes of speech feature and it is
used by the PMM. The second one is a network
composed of demi-phoneme symbols for represent-
ing a set of sentences and it is used by the VCDP.

3. VECTOR CONTINUOUS DYNAMIC
PROGRAMMING

Reference Network
Representing Sentences

The VCDP is a segmentation-free matching
algorithm for spotting sentences after accepting
frame-wisely candidates of demi-phoneme from the
PMM. The VCDP carries out frame-wisely the
search of optimum path in the network of demi-
phoneme symbol which becomes the sentence to
be recognized at the frame. The spotting sen-
tence is determined by the output sentence of the
frame whose output value of the VCDP gives the
local minimum and also does not exceed a thresh-
old value. Let define the order of demi-phoneme
node in the network by 7. Then we allocate all of
the demi-phoneme nodes on the two dimensional
array. The x-axis of the array indicated by j,
(j = 1,7 = 2,....), is the number with the same
value of 7 and the y-axis indicates 7. Assuming
that every location of the array has demi-phoneme
symbol, the node at (7,j) is denoted by Z(r, j).
If the node is null, then Z(7, j) = ¢ (null symbol)
holds. The nodes on an array is defined by,

{Z2(r,5)] 1<7<T, 1<5<J}, (1)

where T, J are the lengths of two sides. The arc
from Z(£,%) to Z(r,j) is define by G(¢,1;7,7) €
{0,1}. Here, we take account of the restriction of
that ¢ = 7 or é+1 = 7, where G = 1 indicates the
existence of the arc and G = 0 for otherwise. The
existence of loop is shown by that G(r,j;7,7) = 1
holds. The set of all arcs is defined by,

output = spotted

sentence
A

OO
o O

Figure 2 : Vector Continuous Dynamic Programming for Sentence Spotting
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{G(¢,47,7)] 1<ELT, 1<i<J,
1<7<T,1<j<J} (2)

The equation of Vector Continuous Dynamic Pro-
gramming (VCDP) includes a set of weight coef-
ficient ¢(£,¢; 7, ;) defined by,

g isr)= {1 H GGETIAO ()

o0 otherwise.

Next, the input of the VCDP at each frame t,
t(=1,2,3,...) is the output of the PMM which are
the best L candidate symbols of demi-phoneme,

that is,
{a@yl1<i< L} (4)

The local distance between one candidate of demi-
phoneme symbol and Z(7,7) is defined by,

d(t,3) = min{ i, b 8(A(E) = 2(7,5)), ),

(5)
where b; is a coefficient depended on the candidate
number [ and is proportional to the value [, and dy
gives a value when Z(, j) does not match to any
demi-phoneme symbol, and it holds that §(X) =
1: X=¢,0: X # ¢

Then the variable which indicates accumulated
distance of the VCDP has three parameters of
t,7,7. The equation of the variable P(t,7,7) is
defined with the initial condition. The initial con-
dition is defined for (1 < 7 <T,1<j < J) as
follows:

P(-1,7,7) = P(0,7,7) = o0 (6)

For 7 =1,2 and (1 < j < J), the following equa-
tion holds.

P(t,1,5) =3-d(t,1,5) (7)
P(t,2,j) =
(min; ;. ¢(1,%,2,k) - ¢(2,k; 2, 5)
(P(t—-2,1,¢8)+2-d(t - 1,2,k)+
d(t,2,7))
min ¢ min; ¢(1,4;2,7)- (P(t - 1,1,39)+ (8)
3 d(t721]))
min; ¢(1,2;2,5) - (P(t,1,8)+
\ 3 . d(t, 2,])).

For (3 <7< T)and (1 <j</J), the following
equation holds.

P(t,1,j) =

EUROSPEECH 93, Berlin, Germany, September 1993

(min; x o7 — 1,47, k) - c(7,k; 7, 7)-
(P(t—2,7~1,4)+2-d(t—1,7,k)+
dit.7,j))

min J TR (T — 1,4 7,7) - (P(t —

+3'd(t17>]))
min;, (7 — 2,47 — 1,k)-
or—1,k7,7)- (P(t—1,7—-2,i)+

(3-d(t, 7 —1,k)+3-d(t, 7, 7))

The global optimum path consists of the local op-
timum path. For example, the partial sequence of
node with locations (7—1,1), (7,7), (7, k) becomes
a candidate part of the global optimum path if
e(r = 1,41, k) - c(r, k; 7,7) # oo holds.

The output value of VCDP at frame ¢t is de-
fined by A(t), that is,

1,7—1,1) (9)

1 . .
At) = 37 D P(t,T,7). (10)
Let us introduce an equation adjoined to the above
equation to determine a spotted sentence. We
suppose that a node, Z(7,j), is included a word
indicated by W(7, j). The application of the equa-
tion determines one of locations among ((t —
2,7 —1,4),(t - 1,7 — 1,9),(t — 1,7 — 2,3). The
selected location is denoted by (t*,7*,1*). Corre-
sponding to P(t,7,j), a sequence of word is de-
fined by (S(t,7,7,0),0 = 1,2,...,Q), where  is
the number of words composing a spotted sen-
tence. The variable S(¢,7,J,0) with 0 = 1 means
the word corresponded to Z(7,3). The number of
0(2,3,..) increases when the corresponded word
becomes nearer to the beginning of the spotted
sentence. Adjointing to the variable P(t, 7, 7), the
variable S(t, 7, j,0) is determined by the following
equation:

S(t,7,7,1) = W(r,7) and
S(t,7,5,0) = S(t*,m*,1*0 - 1) (2<0
if S(t*,*,1%,1) # W(r,j)
S(t,r,7,0) = S(t*, 7,4, 0) <
otherwise.
(11)
The equation determines, for each point of (¢, 7, 5),
the sentence composed of selected words corre-
sponding to the optimum path on the network
of demi-phonemes. The spotted sentence is de-
scribed by (S(¢,T,j*,0),0 = Q,Q - 1,..,2,1)
which is reversed in word order of S(¢,7,j*,0) in
the above formula when we detect the local min-
imum of A(t), which corresponds to P(¢,T),j*),
where j* = arg {min; P(¢,T, 7)}.

If we assume that there are IN-th networks
to represent many type of sentence, we obtain
{A.(t) | n = 1,2,.,N}. Then the spotted sen-
tence is determined by,

(Sﬁ(t,T,j*,U),U = Qy Q- 1’ "',27 1): (12)
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where 7 =arg{min, A4,(t)} and A; < h.

4. EXPERIMENTS

We had two kinds of experiment. The first
one is for connected speech sentences each of sen-
tencesis in the task domain. The second one is for
spontaneous speech in which only parts of speech
belong to the task domain.

For the first experiment, the speech data of
110 sentence utterances ( from the task includ-
ing 112 word categories and 4.1 average branch-
ing factor) spoken by 10 open speakers is tested
to evaluate the system and results in the scores of
word recognition 94.5 % and sentence recognition
76.4 %. A

The result of sentence spotting for the second
experiment is shown in fig.3. Figure 3-(a) indi-
cates the wave of spoken speech dialogue by two
open speakers, A and B. The shadowed sentences
in fig. 3-(b) (translated from original Japanese)
indicate sentences which are in the task.

5. CONCLUSION

We proposed a new concept called sentence
spotting in order to apply to spontaneous speech.
Sentence spotting is free for sentence segmenta-
tion. The main algorithm is the Vector Contin-
uous Dynamic Programming using demi-phoneme
symbols which are the output of the demi-phoneme

(a)

recognition. For recognizing demi-phoneme we
used an algorithm called the Partial Matching
Method in this paper, but it is possible to replace
by other methods like HMM if demi-phonemes are
obtained by them.

We need to extend our method for spotting
either partial sentences or partially reversed sen-
tences which intend almost the same meaning.
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A1-A2: Wnnnnn, | Is abook over there, isn't it? -|
B1: Where ?

B2: |1 found the one with black cover. ]

B3: {is that the book you mean ? |

A3: Yes, itis.

B4

A4: No, it is a reasonable price.

AS: [Justone thousand yen. |

BS: [Have you already read it 7 |
AB: Yes.

A7: [There is a lot of figures in it. |
B6: | see.

B7: [ Well, how about pictures? |

(b)

Figure 3 Spontaneous speech dialogue and spotted sentences. (a): Wave of speech
{Japanese) spoken two speakers, A and B. (b): Shadowed parts indicate spotted

sentences translated from Japanese.
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