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A Research Model of Japanese Monosyllable Recognition
and Some Applications to the Conversational
Speech Analysis:

Many attempts at the mechanical recognition of speech sound have been made
and yet left many problems unsolved. Though the analysis method to be used is
common to all the languages, the difficulty of performing recognition is largely
dependent on the particular language. The Japanese language is considered to be
easier in processing than the English; for example, rather fewer cardinal vowels,
simple monosyllable structure, and one to one correspondence between these mono-
syllables and the Japanese alphabet.

In Japanese speech sound, the elemental units of articulation are monosyllables
of one hundred odd, each of which consists of one consonant and one following
vowel (some include semivowel, but no diphthong). The conversational speech
sound is principally regarded as the successive utterances of these monosyllables
with some modification by the influences from preceeding and following sound.

From this point of view, we first tried to make a mechanical recognizer of Ja-
panese monosyllables, and then extend it so as to be able to handle conversational
speech sound by adding some functions to it.

In this paper, the outline of the research model of the phonetic typewriter,
which operates for Japanese monosyllables, is described. .

Speech sound has to be processed not only from the acouitical standpoint, but
also from the linguistic one. According to the relations between them, many sys-
tems are obtained. For instance, the one which makes linguistic recongnition di-
rectly from the data acoustically analyzed, the other which, after recognizing ph-
onemes or monosyllables from the acoustical data, applies to them the linguistic
informations on syntax and redundancies. The machine presented here takes the
method of monosyllable descrimination at the acoustical level. The followings are

T. Sakai. Jg#F[Z : P.H.D. Professor of Electrical Engineering Department, University of Kyoto

S. Doshita, 22~ &] : Graduate School of Electrical Engineering Department, University of Kyoto
K. Hashimoto. 74 : Electrical Communication Laboratory, Tokyo



122 WO F®o2, ¥ F OB F, A& IGi

the outlines.

(1) This machine accepts as the input Japanese monosyllables separately ar-
ticulated from each other. (2) Analysis is made by distinctive feature extraction
and zero-crossing interval analysis which correspond to the manner of articulation
and the place of articulation in utterance. From the result of the distinctive feature
extractor, the rough classification of input monosyllables is carried out, such as pure
vowel, unvoiced, voiced, nasal, stop and contracted. From the zero-crossing interval
analyzer, channel outputs are obtained, which are classified by the zero-crossing time
interval of each rectangular wave. (3) All the control signals are derived from
the input speech sound wave itself. (4) Discrimination of vowel part and conso-
nant part is made by separate circuits, using digital technique such as order pulse,
AND gate, OR gate and binary circuit. For consonant part, cach channel output
of zero-crossing wave analyzer is divalued with the threshold level which 1s pre-
viously decided by the statistical data. (5) All the obtained results are retained
by register memories and gathered in the main matrix, where the final decision
of input monosyllables is performed. (6) The results are indicated by the lamp
indicator and also sent to high speed puncher or printer through code converter.

These operations are carried out in real time, and by detecting the end point
of speech sound final output is gencrated.

In Fig. | the over-all block diagram of the phonetic typewriter is shown, and
it is subdivided into the following parts:

(1) INPUT PART amplifies speech sound to a proper level and feeds it into
each circuit of analyzing part. (2) ANALYZING PART performs phoneme clas-
sification and analyzes the vowel part and the consonant part. (3) JUDGING
PAR'T decides the phoneme of the vowel part and the consonant part, and then
gets the final result of a whole monosyllable. (4) OUTPUT PART generates
coded singnals to control puncher and printer, and also resets the whole circuit in

preparation for the next input.

Over-all view of the phonetic typewriter
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Next, on the basis of the results of the above mentioned machine, an effort to
translate conversational speech into machine codes is presented in the latter part
of this paper. By adapting the machine to the continuous analysis and using dis-
playing device, three dimensional pattern of distribution of the zero-crossing wave
analysis in fi-f, domain vs time axis was visualized on oscilloscope. Fig. 8, Fig.
9, Fig. 10 are the examples of patterns of monosyllables, words which involve ty-
pical cases to be taken into account in conversational speech, spoken digits in Ja-
panese and English, respectively.

Toshiyuki SAKAIL Shuji DOSHITA, Kiyoshi HASHIMOTO.
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Block diagram of a research model of the phonetic typewriter
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THHEEDND, ZCTHRLL, FB1I1RLCESTILOMED bFHE 2/, FHEAFIHE

Blx BAEHRE (GMEE 1N PHC ks 8¥2RT)
Table 1. Classification of Japanese phonemes (The right column shows the
Classification in PHC of Fig. 1)

2z . S
(E:VOWCIE];]a,’ [il, Jul, lel, Jof - #(V 5
o
¥ E s BEZ 120, 130, (dz), 1d3])
(W%%%QU ) —BEETE
Voiced Including affricate (VG)
=4
s ow) PEF b, 1dl, el Ir]
(ﬁ%%ﬁﬁ
Consonant Including flapped
B E m [0 e, BT H
=1 H Nasal ? N)
Fhoneme B E (] e ¥ B
Semi-vowel * > 1 (T)
o7
EEE . sl, 150, In]
= KERZEL
mETE (f(nﬁuding aspirate ) -
Unvoiced | B¥ # = . [ts], |tf] (UvQG)
Affricate ’ ’
=
BEFE S Ipl, Il Ik

BHT B WO THEFNCHIE I 2 RIS HEED» 5 BFFE 2 0L DD 5 v —~FIKBIL, B
WCARENBEIS U T, BRI X 55 21155 Fikz &b, X—HOEHRICY
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ZANVE L IDOFHFEB Y2 INBEORH 1D TH %, BEOHFREL wv~
v (), ROEZxsves b (B) KEETEC—2 2Rk, fi—6L RERTITRS.
FEWTRECTFLZXBEIHE2RD, BERCHEL 3EEE2 B, Z20#EE% 2 /b
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IES THAOBRBICHINS, /oT, FERFICETT 3 BTFEFOOMERICREED
FRZMEDOEL CLICI)FECHT 2BFORENERIN T 3,
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FRXBETHEVAVCHET 2RBBEBRPITNEDT, v AVERIZ, ThdofHRu
E%H&@%miofﬁﬁb,%ﬁk%%ﬁ@m,Z,ﬁﬁ%ﬁmﬁbfﬁ@%%%%é.
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Pitch Extractor | & HPF ; High Pass Filter BT 4z

B2 FAHUBERBEBE Ty 7

Fig. 2. Block diagram of the Distinctive Feature Extractor
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monopsyHoble | il ETW EEET
X 7 7 AT | 7

Y |2 |z 7z |z
z vz |z 2z | =
BE )| L A
= VoweI(XZ) : - Co :
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LlUnvoiced | ¢ Vo v : ;
< _ : A : [ : I
—|RATE (XY)] Lo L Lo
w2 Buzz : v Co ! |
| BFENYD) | L L L
Nasal ! Vo b Vo
b T |AbIMBE| _ _
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B3N EHROK A H BB fFH UK
Fig. 3. Operation of the phoneme classifier
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HEHIZ ., L L D& &iid, FEMOANCHITE OWME R AN HESRI 0%
ENHY, CheRCT [AATE] %2 [RE] Xl 5,
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THE2 v~ M OHRMR VT, BHR T 4 v 2 —T800c/s~2500c/s DR 2 HL D HY
U, TRIRICERL T 5, Fv~ o MERBRERCEL, 2400c/s fHEd» 5, &k
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BREOOMDHEELT, 74VE~, VFT T 25BIEb Ay bVGHEBELHO
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MR cic L 300, KGE - FHEE? X T8bh, 1 20 DhOF » 2 IVICHH
UTHEIEL, FEESEAXICOOTHREI 2175 T3,

BAaZnoOfRICE ETOTROLSILTH S, FFEIE, FEW, FEHRc ks
THERRL S oDt 8L THHFL, s FRBTHT ORERIL, ZCHRCR T R B
BT Lo TRECHERZIT20T, BIBRVERSBLNS L5 TFOEHRTIAN
4 —8BE2 L, BE, FEEMOSITHET 3T DB OG5/ 2 WINC AN 5,

FEXBEIHEEDHER S ITPTV, 207k, BRIFEHI» S, TEATID B
YU TVEBICI Y BESETDOAZIY L, XEENSOWHBHEKS L 5L T3,

ERRBEAPREDO T v v 7 REE4RCRT, PORELESIAVE —2BLThER
BRI BTN, EREMBTHE RV FOBERFEEL, Thie—2ici 0.5 ¥
MTHEAF—FTRHZ Y v €0 521725, ZOREIBL, £the LT 40db D Eo%
v FRED, COERKRT/ VA M~ U R2EIfEXET, 20.7KC TRFILL, #
NEOERD7Y v Tw s - o —TRA, DEEBITANG, F 5 2V OKEE
M ETFEEERC L D FRE 5> T 205, 44 —F v M) 22 2BEAB 0L DE
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SC  Schmidt Circuit v, iy MER F-H Full-Half Cycle &, ¥4 o
OX Zero-crossing Wave Converter Selector v o A E Bg

BRI v Time Interval Classifier
PH Pulsed Hartley B F 4 E B 19 [ 2 [ A SR B
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EAM BERRXB A EEE Ty 7K

Fig. 4. Block diagram of zero-crossing wave analyzing circuit
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ot o EFHH 6 —
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75T I (ER
BSX B M
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T ygxTFuy
By~ b
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Fig. 5. Schematic circuit of integrating counter
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U, BEHC - RT S TREDTIN, SVAABICHBILUBER2ES. 252 Fit
VTNVORBEHIZE TN I T - A D), YU FVKEKRT &7 v S EE
PHFEEBICEY, avFry—2BHRr 57435,

5. BESN - HIEEE

REIMEBERBAC L D ELECE L v~ b 6, B2arvr b (6) »
K2 HATH 5, BHEEMREBELNEEROMCTir v~ MR DM 2 & 51T L,
£, U T3 1500¢/s DIEER 7 4 v & —, £, 123 L Tid800c/s~2500c/s DEER 7 L L & —
U IBRICHMTRITRS, Wk~ % BFROBERE T AV & ~ Tl Sl 2503
HZ O, HEFED S HMOBERFIOE»LEAT, T4 Th%, b Lizo0T v |,
[ 171 D LMEAT 2, Z05RFCASOEEL TSR, Ll ORY%
DIANE ~ZBECHL TRERICBDTHY, ¥y F7OBOEF LTI [ =]
BLAv=y PORAL, X, [ 4] | =] OF2 0<r ME §SERIEL 20 (K,
FBUICHE ST, £ BHREBET 5 C 2 2 EML T 2).

L DR 4R Db) WRIN B L5, UMAEKCLY, BXXEE 1 Bl
DOTHET 255G (E&F470) &, ERBAOBEOKMIC OV THET 284 (4
YA N) EXDILN, EL50EAAyFTUWILATHNE, X, ¥44 sk
UTiE, 1B & HlxOEEBRTOEL, Z0BEF » A VSEHIEICOR LTEED 3,
BESY VI 4RI Th 5, Bl e LT, BEXEBED S 10ms 58
58 T40ms 29> T V9 5, ZOHY 2R EESWRET v 2V OERER O

e Bt b DT 4+ TSI HE<FY 72
- | J& - )
B TR g - e - Table 2. Frequency characteristic of the

THEY T 40ms f77shbh b b5, T channels of the vowel analyzing
i L OBBORHICL 28 DTHD,
fL &0 4 ERELS EREARZRT LD
@ﬁﬁ%gmﬁﬁbmk F TR BRHEE
BETIEND S,

REEDTTRIED 7 » F V3 2
2HRICRT, L35 F % Aviedhld, L

part and its decision matrix in

f;-f, domain

l #2kw< b 2nd formant

ﬁ%ﬁ“‘;ﬁ 2500—1700/1700—1130, 1130—720

1440—790 |No outpuf| 7 (a) | 7 (a)

790—680 | < (e)| 7 (a)| = (o)
680—470 | = (e)| # (o) | = (o)
470—400 | = (e) | » (u) | = (oiﬁ
| 400—170 [ 4 (i) | » (u) | ¥ (u)

i, T8 F L AiThl, FhETE
DT3F 4 20 UTHNS, &HI< ‘

£ 1 ko< b Ist formant
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VR, BRERERT, &F o 2 VRLEBEECHEEFILEA ST ELT, 7res
BECEH s N, o OV T S Y. £, § SR 2 BERR MRS
i, BErvvy FOFHGEVEEZRTOT, f, L O/ xiC2E, £ OBFEHE
BT LY BEKRELERRT F v JVRREHT “1” 2H7, 20 “1” OfNEicLd, §
2FITH - TRERHMEST S, 2 FEHIES X3 =150 vithbiifbh, Th® 52503
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aié__;_L 0 S, S
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w__mqg
consonant ﬁ;i‘; it ,\O h
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h K]
0 o K
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0 =
=
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CI Consonant Interval R X AR CA Consonant Analysis F ¥ 4+ #7

HOKM M A OF OF S OB R K
Fig. 6. Discrimination method of unvoiced consonants
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WTHFHHC B N s 0T 2 IR T, RFEBOFEIC I - TE B LOELR
U2 7o DI SRRIRB I R { 724, S DE70%KTH 5,

@ FHEFE:
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KOBEFEL, B2rrv~y MIEHNZEL S RTI F 32 VIKE SRORITDIT 5,
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Ist or 2nd
formant ' Parallel Difference
analizer \ : +O SGVIO| 1 am H‘Fiey j O
output : conveter P Divalued
serial
e output
0

Maximum  |gq Threshold
LE detector Setting

| () 7a ., 7K Block diagram

s -

Input g (7 ]-
distribution - 4 | G- -7~ Em

AV
Divalued Lo :_:" Channel

RN
Output | : ZzBzRZ [

: ! i

(b) A 77— HiJ1BatR
WBIM B R WSO RO AE2ME kM B

Fig. 7. Curcuit block diagram of divaluing the zero-crossing interval distribution

and its operation
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WU, %Y T NVEBEBIC—HOBRIESH 2B S, DT, &ty MlLICS
OFEAfE Emax %23k, E,=Emax/a (@z=]) 2HMEL LTS 007 % 2EILT 5 &
I, AFNF » AV R EFEBICERT 5, BT XD
DTFORTF 213, 7799 0 ELKBoNNE2BEDFELLLOTHD, HERUZ
2MEILHAID “1” 2H5DL, HENEREE(l DORB T2 TV ORER), Ml F »
2ov (BEED #Fb7d. 2E{bTa=1¢:93¢ -2 RHEREM, TLTE a=2,
M5 BRE 1/2 2R L7, EIR BRABRSTEBEOF ¥ 2 VEY HT
@) 57— 2l (28,9, 10RIIE D)

Table 3. Channel location of the zerocrossing

O, BIN, EIKcF — 26l interval pattern of Fig. 8, Fig. 9,
and Fig. 10
BT, X, ZOF ¢ ANVEHTE, B3 Channel| Freguency Channel
EZDLSCTFHOEL kL= b, F75 number| Characteristics (c/s) | width (c/s)
L9 3500 ~ 2500 1000
ZFRMHEEEEH T, B2 v~ FOIR 8 2500 ~ 2020 480
N - - 7 2020 ~ 1680 340
THb, DWINIHABIBET B4
3 ROREREATEA B E T e
TEBNT8—-1~8 -5 FHAZESHF é 5 1440 ~ 1250 190
- 3 4 1250 ~ 1120 130
DOFIT, 4, =TEHEELUIzxv=2 | N 3 1120 ~ 920 200
BERRTOICHL, 7, &, vOH2 2 920 ~ 780 10
1 \ 780 ~ 720 40
K= T Sy 72 -
] T@if[{f)loﬁ%?"ﬁ%ﬁ 5. C %1 F,D ‘{ 2" formant detector
NIB T V<2 P IETRIIISEINT S | HD l
3
CELEERT b0 EAS A, X & | oS (S
)
BT EDLBEBAODED ORFOE | T w0
fx8 —6~8—8iwkans cor  § | * 920 ~ 690 230
5 3 690 ~ 470 220
ITEBEFF D2 Sv v | DR < 2 470 ~ 340 130
- 1 340 ~ 180
AT, FEORERC IV EFER ST 5 ° 0

NaFNV~y FORMUBRSNE, 8 -9~8 —I2LUBHFOHITH 5,

RERE A DBBIIMEUCIED 5 2 DT, BAICDWT 5 DIFBOHETIIRD, 28T
REFASTICBET XL OhOHAZEIHL T, 2ROV THHE L (B9
BD.

FRUETHRE, ZRCNT 37— 20300 x> Ths, [ 1 @FEerL, Z( )
WEBICIREEINBSNE TH 2 HE2RT.

i EFREE: 9—-1 2 [koi]  9—-2 5 [koe] 9 —3 I [fio]
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b, TTEZED2ETEATVS, ZhiTHl, JBLEXETIE, v vIichEd 3 EHE0
IR G DBAHIS TR T TO 5 fag, 2 kic X h fiBILL TH 3 DT, i e
Wi g 2 BEHSRS O, AW ERZRLT0A, BEDL>3 7 —4%23 LTl T,

ZATEAE O ONT, T2 TTHTINAS
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i

AARFRHEE I DO THEET 2 RIEBIC DN TD7z, $£77, HAZBLRZD S bicik
TS5/ T 2 — 2 2HHBT HICE S TR DR, 7 —42 X DB, EEOM
BRTEMCESDALNSZN D S5, L0 S nMESRHRT 3 & Hic, Co®EE
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