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Abstract

Recent development of information processing networks requires the further expansion of the
function of audio response unit (ARU) to increase response vocabulary and number of multiplex
channel.

The audio response unit reported in the paper meets these requirements by the principle of
speech synthesis of combined sum of acoustical elements, which are damped sinusoidal waves
for voiced sounds and bandpassed noises for unvoiced sounds.

These elements are pre-recorded on core memory because the memory capacity needs less
than 40 k bits only.

The control data for speech synthesis are also less than 3,200 bit/sec and a magnetic drum of
512 tracks and 2 MHz clock can store more than 2,000 words of 0. 8 sec, duration with 20 m sec
or less maximum access time.

Digital store of acoustical elements on core memory and relatively simple processing of speech
synthesis enables multiplexing operation by time devision, and the possible number of multiplex
channel is 40 under the conditions described in the paper.

In many case, response messages have several pre-determined formats, accordingly, only the
assignment codes for message format and variable words in the message are transmitted from

CPU to ARU and one telephone line of capacity no more than 120 Baud can transmit all
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necessary codes for multiplex operation of 40 channels.
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Table 1 Design Factors of the Audio
Response Unit

\ ( Software j Hardward
method of synthesis ! processor
~process of synthesis ~capacity
X . memory | )
I-multiplexing -access time
Speech ! control of synthesis {
Synthesis -number of parameters| -capacity
3 R memory \ .
| ‘—amoum of information -access time
| ~production of analyzing facilities
[ information ’
_ : .
! multiplex control
| |-synchronous/
scheduling main controller
Multiplex -word-wise/frame
assignment
Control
communication control MODEM
data transmission [ 1/O interface
procedure
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Table 2 Number of the Acoustic Elements
of Speech
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2nd formant | 800~2,340 . ratio 70 23
ir=Lo0s |\ |
T fr—‘——] COl"lSl?!nl
3rd formant [2.200~3,411| ratio 100 10
r=1.05 .
o T - |
Nasal /m/ and 7 o
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LTt 10msec A& 3 ERHEDI.

(3) HEERRE

FHESE L b, 8kHz 4V F ) v IDF 1 V5L
AT LELT, TNICHELERIEZ, 8x8x10®
x10x103x51=32.64k £ }, ZOFEHAIITT
* &Y CHAEETRELETS .
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Table 3 Control Data of Speech Synthesis

Parameter | Number of Levels of Information

Elements Control Bits of Data
1st formant 18* 5
2nd formant 23 5
3rd formant 10 4
Pitch frequency| 16 4
Voice intensity 32 5
Hiss frequency| 6 3
Hiss intensity 32 5
Total 31

* Note Including 2 nasal elements.
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Fig. 1 Sonagrams of Original Speech and Synthetic Speech
(top: original speech, bottom : synthetic speech)
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FEEYZ2ELLTRHALTEDY, FEORIE, ® 1~
FI3ID7+ =Y PVEAEY Yy FERBUIEEME
T3, HE-®F - REORS, BEXMORKOR
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EELTSH, FIROKIERMO LY FETRTHEIT
+HERBEELARTACLENTEE05, bhb
hidFRZEYE s OBER T 300, EgHOHE
E2TNTEMMCTE Y FRE L - 72 BORRRA
{2 10msec T, 10msec T &z '&EIGICH LY
HEEEREHKT 5. BROKKMBEAL 800 msec T,
HEERIChEREY (Fry2) ELTFI&EK
BEINTWVSE, F52D0T7 7R 24 LRTERR
CE-T, E¥ 10msec KN ->TWHWEFNED, KL

EAGEEER 401

B TBRKTI7€ZX44 L% 20msec EHNE, 2D
T2 EREA LK ->THRE AL EEIT, 800/20=40,
THOLAOERITEEIELLENS,
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EESEEROHEOHR, BLOBAEEODLLHE
) B >hkBEEENTEY, 20hoE(Ld
B3y, 1oL, EABELEMELRE, HE,
REBEBBNOIHLBRING. ZOLH5RBEA
Zid, BRENEZT N TERMICEHERD S5
ETAHECERATRTHY, BBROESFIRICLSE
V. AEIORAPTHZE, ISBFERIE Tabled i
RTEHIE, BROKEDHIHAEBVWEED 221
ANTHYH, Table 4 TTROWADVERE LTEN
O sRBING. 22T, SHEINEXENTHER
MPOZFUMAERIZ, KRXOEEEZOHOERDE

Table 4 Example of Response Messages
(no exchange)

A2 g RERRILET. A EEEARTIL.

SH 1B 18% 408 O Bohh 25T IR b5 HE
2 TTTh

7Y YEENRTFHTEE L.

Bl 88 77vys0C 7Fvys0D 8Foy DA
870y /DBTY.

M& () AT 2H B HATY.

FoESR 0 0 3 o 8 0 1 9 TY.

Fu 712 BEOKD BOBOTERFELDTEIN. HRECLVE
L7
Note

: variahle words in the response format.

*: if the variable has no significant information in
that message, the variable is omited and its time
space is occupied by following words.

EDAHEL, BEELLTHOTEROOLMZHIKER
RETILER, FEICEREMNTTL > EEL
7o, TOIHBRITENS XS 1,200 F— 1[ERT,
BEICBRCLELSEREEET I ENTELILSIC
-7,
EERREONER, ROLSICLTETEINS.
(1) BRCELKZOFFL L TOHINICLENLH)
HEROF 7 47 FLRARNEZRELTEL.
(2) EHHEETTII~Fho, Thicisl
1EREORTAIDIAELFFLTFLR
ARETDHEOTEIRMERETH/LTE
<.
(3) EHHEB DO DIEFICK > TEAMSELS
L, ZEDFF LT FUVRARANEIT DT —7 -
) TREAHT. .
(4) EHBEETTZII—FERKEL-TFS 4
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KR, CORBRI=aIVEL—
ar
= 4 HITAC-10 it kX » TEfFTEHh, £
[Channel couner set:Z-1] MBI LB, RO
{ERRIIC LN TR TS 3.
LEROFEREHBOFHNK & KM
Speech ,<——{Send out of control data] . z . ! : e
Synthesizer T #%* Fig. 2, Fig. 3 it/R7.
CPCD—'rRead in and communication control I 8 4.3 Ky T rAEYORE
€
Data read from drumf-------~- 1 e FsaciRtiEh o 2 HEiEREE
! g EI-FICL->TRERL, 10msec T&
Translation of input codes into ! £ . . <
drum address and format edition | | S IZEHRBIORBEE~K D M 7 icid”
i ® v 77 AE)VBLETHS. Ny 77X
: S =) OLERE, HBHCL - TEOK
: 8 i, EEEKENICE DT
Spech .5 E 55 BOREEO L : i RENFR
Sythesizer Lot ool ool Sl R, 1 EOHBEER < EETSD, <
CF?U—'{—Read in and communication control | E DOETIE 3285 b x2x100 &30, [
T=1+1 § § SHIKEREO & xicid, 1 FEOHIEESR
g s BxEHREBD, 2.56x10°Ey b X
Channel state monitoring | S 30 L4153
1 | '
Translation of input codes into ! BRI DEDNY, FIET
drum address and format edition ! YN - - ;
VEs : uf7 DO DEREER ST AT
: KHEAHH IR NER S0, BET
BEED7 vy 7EEICK AEIFEAH
! Lok, RFRTREEOMELL L
SEELOREDHHKICK 7. Lichs
Fig. 2 Flow of Control T IWEREOEHARE L LTO
HITAC-10 it L EIZ Ny 7 7 A € Y (T,
0 10m sec Umsec  16[AkR O & X 256k FE (16 & 5 b /E
Main control 02 42 552 0.2 42126 18 s L), 32 Eﬁ—c 512k EE1 5.
Interruption due to timer 3
Send out of control data®* L 5. (maEEe
Read in and I WO ]| cTieme in Hosec)
Communtation conrol hROEHEMEFEGERE £ O
Data read from drum* i || Rz 1,200 ¥— 1EHRTOE BN TH
Channel state monitoring v, {CEFIEBFMEIZ HITAC-9411 VDT
Translation of input codes 0 (video data terminal) IC&DE, R =
and format edition 200~300 200~300 —Fi2 ISO a—FA@FEHL/MK. ISO o
Jdel time the rest the rest — FIRBENEXOBA, X&Z—F R}
Note * Data are read from drum in 244 g sec steal-time during this interval. o, YT F 2y 7ESATIOR

(5)

** The data 1110. # sec is the value in the case of 12 channel multiplex.

Fig. 3 Timing Chart of Control

TEUVRCERLEDS, EEOFFAT L
RRFDEANFIDLZATNL.

COEBRELES D125, THEARD
FIREBR T 5.

vy PT1F—2 BRI 25 5,1,200
F—DEMRTIE LRI 120 7 — 2 (&35
T&3%. LLl, EZEOCLYNTNDBIBRLTL
2EZ2E, 1 WHICERNG T — 2 ZXEEIR 100
BEEELS. 1HOTF— 4 BEE 1 EEEIEETS
EEETHIE, 0.8 BAlIicIE 80 o7 — & MiEkxh
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305, B0EREITREILTEALE NS ERNS.

AT bR M-z 13 1 e NI Nrhr 7T iy - 2 1y
FEIVERYY Ctdy, L SVWJPINW IS ETEAL I D10

DEREF—280T, ROMELLOLE 40 f, Fb
BX¥Hborx 59 T, £OFEL LTORHRH
BAIEDHY 60 B, BEMK 0 BTHS. Lich-
T, THEBRDOOIESEZH LBRDTHORENEET
5% TORKMIT 0.4~0.6 BTH 3.
EAERRES 120 ¥ —2 /BOEITERIND
H 6, Fig. 2 ICRTHIBOELRFR 10 msec DRFiC 1
~2 HOF— s BEEINTL B. ThEV-TAE

FALERETEREH 403

6. HEXROME

FROBHICRN, FEISEEBORELTE 1.
RIERBOBRETRYT 70 v 7% Fig. 4 iTRT.
AEBTREHMEREL LT HITAC-10 2,
hicHimEREERED F 54 (MDC & CDM), 5
SEREEAD I 7 (AES), ARDKHOHIME, HE
W& D/A TS (SPC, CRC, SSP, LPA), FEE#
EDOEREXHBE (CMC), ZFEHNDOLHOXH
# (EXG, CSR) iz %&fmLt. €0 E*% Fig. 5

CPY
Main Controlter r MDCj r i — SPC ~CSR
and 1
Buffer Memory A |-
- LPF|
(HITACHI-10) . AEts L CRC i,,r%
coustica
fﬂse‘“e“ﬁ | H sﬁtShP - Exchanger
of Speec ynthesi
(core Memory) o DA EX6
(M. Drum) | !
LTI
MDC : Magnetic drum control : P
CMC: Communication channel control 3
SPC: Speech synthesizer control L Telephone
Sets

CRC: Channel register and control
CHR: Channet state register

Fig. 4 Block Diagram of the Audio Response Unit

MOy T s ~EELTENT, 10msec TEiCH~—
FLFLOEEBSE SN TR, BEEBEOEHE
BAED s,

Fig. 5 Out-look of the Audio
Response Unit

WRY.

EXHEEEDT, AREFTOL S HEL, T~
T HITAC-10 ©/ 7 b T 7z

S o5 ARESI—FEFF LT FLARE
BT DORIEELSDTH 5.5kFEELU -T2,
B —FEREHE LTEEBERRT 1007
—F vy THEA 100 E/EK HBEEHRDO Sy
7ryxY7 160 EMBTHE00, FSEEEITC
Eik&Ba7z ) 7OLERI Fig. 6 KRTLIIC

a2}
9 28} (16 bits/word)
= U
X
e 0 16KW, 32 channels
Z16
S .
§ 12 260W/channel
> 8k Buffer Memory
= Control Program Area 6'k words
1]

1 1 L 111 1 |
0 4 B8 12 16 20 24 28 32 36 40
Number of multiplexing channels

Fig. 6 Number of Multiplex Channel vs
Buffer core Memory
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7Y, 8kETHIOEKR, 16k BTHBEKRITH
BLTEBT EMbholk.

F7c HITAC-10 i X 2 Hlfg o ERHIIERAE (12
[El£E) Fig. 3 KWRTLHIRKHETLTEY, +4ic
2WinH 5.

BEBAMTC Lick - THMBSSZ 2 0REI0E
BSOXHETHY, BIRH70K 100 usec 2ELT
(A

ZXHEE ST ELE B 1,000 psec, F 7 Lbd
DF~RELDI DD YA 70« ZF— DK
250 usec, FHASREDI K 200 usec THLHH L, [10x
10°— (10004200 +250)1/100~85, § 75 b ALEIRERY
fcid 80 BT THEEILTE 5. AEEEOTEH
#e% Table 5 ITR3.

Table 5 Main Description of the Audio
Response Unit

Ttem \ Description

Multiplexing ' 12 channels
Vocabulary | 1,500 words (average word length: 0.8 sec)

Response Format | Fixd formats (several types)
| Selection of variable parts from vocabulary

Control Periodical multiplex control
Communication | 1,200 Baud ! channel, half duplex center-drive
Error Detection ‘ Horizontal, vartical parity and data definition
Error Display Alarms on data type writer
Additional ‘

Functions

Monitoring of channel states and timing data
collection for statistical operation analysis

7. BEEFETFHEBIITA
ARAFEBREGOBTERTHRR X 740t
TRAINEY., CORBURFLOHKE Fig. 7
ICRT.
EEFPHEREDT 2~ 13, BFECL->TALD

ool

bl i

FHE V2 2FUHT. BRSEFRINS ELHAR,
2—FOHRE (FHHLRED) 2ME, Z0HER%E
VDT 041 7%—itk - TANTS. FEEIIC
OEREZET S L, DROISBECKRENR+ -7y b
% VDT k@ CRT KXFTHRTDH. HKRARTZOD
F=2y MR- T2—YDONLBERRAEZMEIIL
20D, FOWRELATF—TANT S, +XC
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