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Prosadical Senlence Structure Tnferrence and Word Spotting

for Conversaticnal Speech Understanding

ABSTRACT

The development of a system capable of understanding spoken language is
a highly desirable objective, because speaking is the most natural form of
communication.

Analyzing natural conversatienal speech, it became clear that
human speech comprehension appears te mainly invelve use of prosodic
information for syntactic structural analysis and that speech content seems
to be understood as a sel of keywords, not as a string of phoneses.

The algorithm proposed here for conversational speech understanding
consists of the felloving steps:

(1) Syntactic structural inference from prosodic information processing ==
Analyzing the fundamental frequency contour pattern of speach,
sentence structures are inferred,

(2) Semantic content inference from phonetic informatien processing ==
Utilizing word spotting processing, with use of partial werd patterns as the
unit of recognition, speech content is inferred.

The performance of our algorithm is analysed by computer gimulation

experiments using actual speken sentences within a conversational model.
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-

Understanding
based an
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Symtnctic struclure

inferenca

Frogedic Aralvsis Phenoclc Analysla

.T-ﬁrrd spotting

= - = Meun phrase(case}
Segmentation sdjustment datection

i
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» Segmentatlon

B2 SESFEROEARLR
Fig.l Basic approach of conversational speech understanding,
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i

(Hz)

Fundaeantal
{requency

phrase A * phrase B

Time (S
RifA,B) = Wdwd + Wle]l & Wpuog
¥d, W1, Wg : weighting coefficients
d : decline of approximation Line (Hz/Sec)
1 : length of speech (Sec
g : gap of fundamental .fruqum:rs {Hz)
(a) Definition of connection rate RI(A.B), &t i,
between two phrases, A and B,

1_2 HI ' L

- L

. fx\ RO

- —
|n T I r1 |3 r'q S -
ohayou chuukeN komatsy B=buno suzukisal
EozZaimasu f=bunc desuga onegalshinagu

1z ik
Rl
is i
i

R
S T A Ut ma e

{b) Analysis of sawple spesch for
deciding weighting coefficienta.

el : constraint 1 — K1 (ls,1b) ¢ R? (%a,b)
el : constraint I -- R31(3a,3b) <« R32(3b.3c)
¢3 : constraint 3 — R3Z(3b,3c) » R3II{3c,3d)
ed ! constraint 4 -—- R33(Ee.3d) <« R34({3d,3e)

proper parsing tree of somple speech
[{shayoul [ [[LchuukeN] [B-bunc]] [kosatsudesugall
[[8-bune][suzukisaNonegaishinasul]1l

{c) Constraints on weighting coefficients
to ebtain proper parsing tree,

(d) Decide weighting ceefficients
from a point X within & solution area,

—_15 —

connection rate between phrases.

M3 7L AN S EOREO R TN

Fig.d Steps te decide weighting coefficients of
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ohayvou  chuukeN komatsu B-buno suzikizaN
gozaimasu G~bune  desuga onegaishimasu
Hz 4

12 \ N
=\ i)
: M iy .
10 "\‘-\\ : o N o < \qf‘\\
] - n‘.g.

— T

0 1 "2 "3

(a) Sample speech which is a same sentence structure

as learned speech (Fig.3b).

] 1 [ 1
shizaika 36 1llno satou onegal
naiseN aal shimasu
12 Hz *1
10 f uﬂ}\"{r\\ A
8 \' \-
0 1 2 3 T %
{b) Sample speech in PBX task.
ano—  suzukisaN anasuzyki?uﬂ
onegaishimasu onegaishimasu
120{HZ ,f s\\ 120 7,
10 100{ \
8 _ 80 =
:ﬂ_ I1 5 - 'ln L 1 sf

(c) Sample speeches with a meaningless word (ano-)
or demonstrative pronoun (ano).

nivaniwa niwa torigairu
nivatorigairu nivaniva

A

120{%2 12

Ve A Lo

% WM 5 |

10 1 !y"" "\‘\ \\J |

8 \ A & FEEN ~
0 1§ 0 1§

{d) Sample speeches of ambiguous sentence structure.
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Fig.4 Examples of paraing ;rea of speeches
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Reference Speeches ——: Common parl between
Heference Speech and

watanabe E : et Saoh
satou ; :
naiseN 1 i i ; ; f : -
Input Speech R R Y
v

(a} Partial Pattern Matching.

Reference Words
‘W i Inferred
'atanabe ................. e Partlﬂl
1 [el: Word
satou . r[;]—i
Input Speech I : ;
t
(b) Partial Word Inference.
Vord Hypotheses Word Infercnces
naiseN [tigiilsl*lﬂj :
S-&Nhu [SI‘IHI*;I"]
Input Speesch — — — 7
BRI E

T BT O

Partial Word Lattice —
[e]

(e} VWord Inference.

F5 Salm Ay -—r2fALET—-FARy » FOREFR
Fig.4 Steps of word spotting utilizing partial word patterns.
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PARTIAL WORD LATTICE

.[b ] wid Lanabe
+8
o 24 0 watanabe
{a,t.al
—_ tanaka
Lal
[ ] - nakanusa
n.&
[a-Ta] oo takahashi
e ital
kab h['t'u:I
obovas L
! ’ [y,a,sh]
INPUT SPEECH 76 fremes
EORD CANDIDATES ! ; i :
E*,o,0,8,k,0]
ist, 1 - tenake
? . tﬂ-.-ﬂpt.li'-.'r“rti-ﬂ] : k
ne . 2% 77 nakamura

(@) Input speech { /e- tanskasaN wo onegal shimasu/ }
with a known word { tanaka ).

EARTTIAL WORD LATTICE
——  watanabe

Tb.e] S
P St obayashi
iyl
La)
: I nakamura
[8.m] ba
e vatana
la.n]
watanabe
[a,t,a,n]
P .[.L_‘. ﬂaitou
INPUT SPEECH e
VORD CANDIDATES ; : 88 frames
{st ily,a,m,8,7,8,t,8] ; -
L. 1 32 Yamanaka
T
Ind. _Ed‘ vamamote

(2] Input speech { /e- vamanakasaN we snegaishimasu’ )
with a patially known word { yamanaka )

PARTIAL WORD LATTICE

gy kebavashi
e e kobavashi
[a,v] ehavaE
.[_IL - ] saitou
rld
PaEIElEiasEleiasakeE [...E..._] }.a.uata
]
e it':".l
INPUT SPEECH [i,t,e] 2 ¢
Ta
KORD CANDIDATES A
Ist, 5 [o*.8,¥,0,u] 3;? 'I:ihﬁ}'ﬂu
D Dkeo e, a0 w,E]
d. 5 S 7 kotnichiua

{e) Input speech { Johayou! )
with a unknown word { ohayou ).

MAMAAY - R R L7 — KAty b o
Fig.h FExamples of word spetling utilizing partial word patterns,
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