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Spontaneous Speech Understanding Method Based on
LR Parsing of Keyword Lattice

HirOYUKI TsuBOI,} YOICHI TAKEBAYASHI'
and HIDEKI HASHIMOTO'#t

This paper describes a task-oriented spontaneous speech understanding method, which ex-
tracts semantic content from the spotted keyword lattice using a newly developed generalized
LR parser. Whenever a set of hypothesized keywords are spotted, the parser is driven by
events to construct a semantic structure using a semantic keyword grammar. This efficient
parsing enables real-time initial-state-free speech understanding for spontaneous speech. The
parser comprises the following functional components: initial-state processing to check if a
keyword can be an initial keyword, connection processing to check if a current keyword can
connect with a hypothesized sub-sentence, accept processing to check if a hypothesized sub-
sentence can be accepted as a sentence. An experiment was carried out on conversational
350 sentences from a 49-word vocabulary fast-food ordering task by 2 males. Accuracies of
sentence understanding for top three candidates and word recognition for top candidate, were
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82.2% and 90.7%, respectively.
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Fig.2 An example of keyword lattice.
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Fig.3 Block diagram for speech understanding system
using keyword-spotting.

((act ORDER)
(item HAMB NOSIZE NONUM)
(item COFFEE NOSIZE 3))

Semantic Utterance
Representation

(act\ ORDER)
( item COFFEE NOSIZE Q)

( item HAMB NOSIZE Ni

i [hamburger {1  [coffee ] [mittsu] [kudasai |
fR—&. nzis—H—= & 34—t == 32 Fau, .

"Eh... one hamburger and ..uhm... coffee  three please.”
B4 ERKRBLMFAOH

Fig.4 An example of tree structure and semantic
representation.
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Bmf(), A0y FEE ms(), A0 bEhas() % &
DERMBITFHRE LR L T, MU & [FIBS - &k
REBZITH. $/-, SWIIEER, RRES, B&T
REHE»S %25, *RIXEORBRIEETLERT.
ATEEIIBR LR BV 2 KL LTHY, F—7—
FOAXER )WL LR UFMEYK, F—7—FH
ORFMIBAR, 7L — L% EARL L-BWREIHO 3 &0
DWTHRL 7. XEWBRII N S—F TR —4 2k
D LR /- X%k, MIXERBHLABER X, BSHE
REBFHRZICHOPLOERING. I50XERE

¥—"TU—FI77 1 ADLRMIIZL 5 HHRERR 263

Semantic keyword grammar

<S> = <N{’> <VP> {X0=mf(X2, X1)}
| <NP> {X0=mf(?, X1)}

<NP> ::= <NP> <ITEM> {X0=as(X1, X2)}
| <ITEM> {X0=as(X1)}

<ITEM> 1= <FOOD> <NUM> {XO=ms(item, X1, X2)}
| <FOOD> {X0=ms(item, X1, ?)}
| <DRNK><NUM> {X0O=ms(item, X1, X2)}

| <DRNK> {X0=ms(item, X1, 7)}
<VP> ::= *kudasai {X0=ms(act, ORDER)}
| *tsuika {X0=ms(act, APPEND)}
| *iranai {X0=ms(act, DELETE)}
<FOOD> ::= *hamb {X0=X1}
| *cheeseb {X0=X1}
| *potato {X0=X1}
<DRNK> := *coffee {X0=X1}
| *cola {X0=X1)}
<NUM> :=*one {X0=1}
| *two {X0=2}
| *three {X0=3}
Dictionary
hamburger *hamb S1:El
coffee *coffee S2:E2
ikko *one S3:E3
hitotsu *one S4:E4
kudasai  *kudasai SS:ES
E6

onegai *kudasai S6:

(mf() : make frame, ms() : make slot, as() : append slot
? : Undefined term, X0 : S ic rep ion of left term
X1,X2 : semantic representation of 1st and 2nd right term)

5 EWF—U-F LELHEOH
Fig.5 An example of semantic keyword grammar and
dictionary.
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LY £ (i3 1.5 4 fail | Ml
hamburger *hamb 0 24
coffee *coffee 0 67
ikko *onc -7 4
hitotsu *one -5 37
kudasai *kudasai 0 16
onegai *kudasai 0 15

i, MMIBREDLDT L — LK
(17 L — 4138 msec.)

8 A IEMOR

Fig.8 Examples of keyword connection range.

Input r3—pAEnyR—H—i—&a—k—%& F&L\. J

*kudasai®tsuika ‘iranai ‘hamb °cheeseb® pauo *coffec ‘cola ‘onc  “two  ‘threc §
0 6 s7 9 +310
1 »c
2 s13 sl4 s1S 6 57 s8 ” 10 n
3 " 2} "4 " “ 12 (L] " 4
4 9 9 2] o 9 2] 9 2 517 s18 519 [+
5 m a1 nl il 1 (1} il nl 517 518 319 (18]
6 n2 n2 n2 n2 n2 n2 n2 12 s12 512 s12 1n2
7 n3 n3 n3 n3 n3 rn3 "3 n3 513 513 s13 n3
R n4 4 114 4 n4 14 ne na s14 a4 514 14
9 s 115 ns 115 118 s 1S ns 315 315 s1S ns
10 116 116 16 16 1né 16 1é 1é 516 316 316 né
n n
12 3 ] 3 ] 3 3 3 3 3
13 5
14 )
15 [
16 ] ] " B [ i L] ] [
17 517 "n? n7 n? n? n7 n? n7 n7
18 ns 118 s rns ns 18 ng ns ns
19 n9 ne 9 n9 ne ny ny ne 9
20 no 110 o e no 1o 110 no e

S NP VP ITEM FOOD DRINK NUM
[] 1 2 3 4 s
1
2 un 12 4 5
3
4 16
5 20
20
@e LR7—-7NVOH
Fig.6 An example of LR table.
Log energy
Energy
Connectable range L of keyword W1
| ——] :
Time
--------
hamburget niko coffee | kudasai '
W1 w3 W4 W6
----------
(o] o
w2 W5

7 BRTREEOEHNA
Fig.7 An example of keyword connection check.
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MBS XORHEE 2 A RBCHEIBEPOHURE LT
AHBEIXOEEL LN D 6%““1&&%&%‘3

utterance (Uh......hamburger eh......coffee please)
tl 13 ‘,4 Stime
Spoted y  W3| dai
W1-ivmal
o ey
O e
H—H :
S2
sS4 [ hamburger | lcoﬂooJ
Subsentence | SS5 rger

Sentence
candidates QSIZE NONUM))
7 - >

(et ORDER) (item HAMB NOSIZE_NONUM) (ftem COI JOS|ZE NONUM))

kudase
((act ORDER) (itsm COFFEE nosm-: NON
S9

((act ORDER) (item COLA NOSIZE NONUM))

M)

Mo MiTLEAROH
Fig.9 Examples of parsing process.
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5. vbbt, LRS- XREBRLRZNL, BFX
B L BEOM S LTI, WK IR



Vol. 38 No. 2

BTHE2DOHELITV, 262, MEORMERELR
FEHET S, BETHRLOIZIANEELESERKSL
B X BB Ny 7k, &
RERDER, BRI XEMOXEDFMEEFT .
9TIEWE [FEV] DEERAII W2 [ 8-
H—] OBRTEBHL ICA>TWERWOT [Ny
N=H—, TE] OBFTHEMIZER S iz,
Wala—e—], Ws5[a—3]| LESTERTS I
I SS6 25 SS9 F THAER NS,

3.4 X#HAE

XRWHE L, B Ry 7 7 ORI BEHED
TRTUIH LT, B XHEBHLE LTRILTW
SEPEDPELRN-XREFIBLTHETS. o1,
XOEMERTIES (3) By UE@ I HEMN I
L, XELTRBENZLOHERITY. M9 DHl
Tid, BB CHEHM SS6, SS7, SS8, SS9 2DV T W6
[Fa&w] 2 XXREL R D 3 BDT, THEMS6, ST,
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DS/NBEFXMAOZANF LRIKMO%ET DT
ANVFONBHTEHEL.

4.1 ¥-7—-FRH

¥F-—T—FHROYWT — 713K 1 DI THEES]
CHEBIRE S2 LAV, MERFEICE VERETo
. BMIRERET—SIX I XPICHFETLHBE LI
BXMOBHEIZ30 7L — 24 (240msec) ¥mLT
UL, HEZEB Y THEHICHW:. FEED
ML TOT—F RAEyF 4o 7 hRe* B L s
B7:%, MAIREF— 1253 L TRAEENnE 4

¥—7-F77 120 LRWHIZE B HHRHEER 265
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Table 1 Speech data set.

RAENHE AR &5 Mz
St | #v7 49 H4E | 3855 | W kit102 % %9
S2 | A 350 X | 31842 H29 % 8
S3 | M350 X | 843 H34g LE&VgERE
S4 | %350 X | 1098 H5% LB
S5 | ##% 350 X | 2196 Bo4 SCE i
N1 | SHEBEET - - BEAICER
N2 AEE 250 9104 EA

®2 F-7—FDYR}
Table 2 Examples of Japanese keywords.

NI IN=W— F—X)=H— T gy an—H— HF}
794FRFF TI—-¥— TARI—¥— 22—
LY Ya—R 18 21 38 48 58

12 (BED) 22 (5H7:2) 32 (AoD)

42 (Xo2) 52 (Wwo2) 3w 2% #5T+
V=TT wnwi B3nEt &) Eohw EhFua
WKL »E& Fhdre #hi BN TIRZLT
Ceid{T BT F&w BEWwLIT Br—7n
o 28 ThEh AAL K (Ffv) d (bw—)
MLI-) KEW (B—2&v) #§ (50—)

hE0 (Bb—%wn)

B3 AHFEOLHA (VRBXZRETRYE)
Table 3 Examples of input speech.

A AN Ak 2 -1

cI—=F 30T, A—, 2—k—

s RV 2~ a—k—iitooTY
CF—ZXN—=H—% VLD FEW

- Lo, 3—k—%AoD BEWVWLET

c 3k tRFPEZH D FEW
2=k, BEXRFE, Ak, 512D FEW

B4 SWEH
Table 4 Experimental conditions.
Iy 12kHz
FFT 7L — 4K 24 msec
7L - 481 8 msec
RSy 16 ¥+ 2 1
L FT L S 192 K7t
KR (16ch x 12 7L —4)

BEOEBOMARITo722. L -AEEBIIZ 1D
EERBN2T(z2-b],[d0-],[dd]),
RILIA] D5 HEEATHS. ANEROKRE L BES

DD ML 80 msec 2* 5 240 msec 3 T 40 msec
HATELS €7, 2HOBDS/N 2 0odB, 20dB,
15dB EERFEMICIET 847, AT — 7 id#EE T
RESI TRV, 4B, 2EREFET—shnEH
FEORMEL R DR, IRFEOF — ¥ i2on
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m|s  HEORHMLE
Table 5 Results for keyword-spotting.

S/N 00 20
i 1076 | 1044

BL&E 22 54
1+ 9634 | 8894
FA/H/W 38.7 | 35.7
BRHE (%) 98.0 | 95.1

1 ki (%) 92.2 | 85.3

Tit, HERHBICE Y RD, EREFOT—FIIoW
TIBBIZX hRD.
DHERYES \RT. ST, ANHELH
—OEENRISh, HETROAHEXE KRN
SNEMENT0%E LA —1—F v S LI2BEE
R, AHEEISRE SN h o5 E % RE, L&
S ospE e fmEan L Lz, 7, ERTHLEE
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Table 6 Results for sentence and word recognition.

ML
S/N 1 2 3 LEEE B
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Table 7 Results for sentence understanding.
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