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Preface 

The speec h processin g chi p i s a  relativel y ne w an d comple x devic e tha t ap 
peared i n th e lat e 1970s . Thi s boo k provide s th e theor y an d th e basi c desig n 
tools neede d t o utiliz e speec h processin g chip s mor e effectivel y i n electroni c 
circuit design . I t present s desig n example s fo r a  wid e rang e o f real-worl d ap 
plications an d informatio n o n interconnectio n o f thes e component s int o func 
tional equipmen t fo r instrumentation , dat a processing , inventor y display , an d 
control systems . Specia l emphasi s i s place d o n thos e circuit s wit h th e mos t 
potential fo r futur e development , LS I an d VLS I devices . Popula r commer 
cially availabl e product s ar e use d throughou t a s illustrativ e examples , an d th e 
important characteristic s o f th e device s ar e summarize d fo r eac h functiona l 
category. 

The boo k goe s fa r beyon d th e presentatio n o f bloc k diagrams , micro 
controller architecture , an d softwar e programming . I t show s a  step-by-ste p 
development o f hardwar e an d software , ho w t o combin e the m mos t effec 
tively, an d ho w t o interfac e speec h processor s wit h inpu t devices , suc h a s sen 
sors o r dat a sources , an d outpu t devices , suc h a s rela y actuators , thyristors , o r 
display devices . 

In thi s book , practicin g desig n an d syste m engineers , technicians , engi 
neering students , an d othe r intereste d reader s wil l find a  comprehensiv e over 
view o f th e entir e topi c o f speec h processin g chips . Th e boo k als o describe s 
popular, commerciall y availabl e circuit s fo r eac h functiona l categor y pre 
sented an d discusse s specifi c application s i n sufficien t dept h t o interes t th e ex 
perienced designer . Engineerin g student s wil l b e abl e t o follo w th e boo k i f 
they hav e bee n expose d t o course s o n circui t desig n theory , logica l circuits , 
and integrate d circuits . 

As wit h m y othe r publications , I  wante d thi s t o b e a  boo k tha t wa s organize d 

x i 
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and use d fro m a  practica l viewpoint . Throughou t th e boo k emphasi s i s place d 
on usin g th e popula r CMO S an d HCMO S IC s o f eac h functiona l categor y a s 
illustrative examples . 

Speech processin g chip s fo r electroni c an d othe r application s ar e availabl e 
at lo w cost . Th e progres s mad e i n th e manufactur e an d suppl y o f thes e chip s 
expands enormousl y th e opportunitie s t o desig n an d buil d highl y effectiv e 
equipment an d systems . Thi s boo k show s ho w t o mak e us e o f thes e develop 
ments. Th e reade r i s show n step-by-ste p ho w t o buil d bot h simpl e an d sophis 
ticated project s wit h al l th e necessar y details . Man y prove n example s ar e 
included throughou t th e boo k fo r industrial , laboratory , healt h care , an d 
home use . 

The informatio n neede d t o follo w th e man y desig n example s i n thi s boo k i s 
given i n a  simple , direc t manne r wit h supportin g flowcharts  an d tables . Onc e 
this know-ho w i s acquired , yo u wil l b e abl e t o buil d system s wit h artificia l 
voice wit h les s effor t an d les s tim e tha n eve r before . 

The boo k i s divide d int o seve n chapters . Chapte r 1  introduce s th e differen t 
speech processin g techniques , describe s ho w th e basi c speec h processo r inte 
grated circui t works , an d present s I C pi n comparison s o f th e differen t pack 
ages. I t als o include s th e basi c datashee t fo r th e device . 

Chapter 2  explain s ho w a  speec h processo r ca n b e use d i n application s fo r 
which i t wa s no t originall y intended—ho w thi s basicall y digita l devic e ca n b e 
used a s a  variet y o f differen t logi c devices . Chapte r 3  provide s hel p under 
standing analog-to-digita l converte r familie s an d thei r respectiv e advantage s 
and limitations . Afte r readin g thes e thre e chapters , yo u shoul d com e awa y 
with a  fundamenta l understandin g o f wha t a  speec h processo r i s an d ho w t o 
use it . 

To writ e informatio n int o th e specifi c controlle r an d the n announc e it , in 
terface device s o r system s ar e required . Chapte r 4  show s ho w suc h interfac e 
devices ca n b e buil t wit h minima l effor t an d a t a  cos t tha t i s ofte n a  smal l 
fraction o f th e pric e o f commercia l products . 

Chapter 5  present s a  wid e selectio n o f tes t an d measuremen t circuit s tha t 
also ca n b e interface d wit h a  specifi c applicatio n b y th e use r o r designer . 
These circuit s ar e widel y use d i n dat a acquisitio n systems . Chapte r 6  present s 
different kind s o f burgla r alarm s varyin g fro m simpl e design s t o fault-toleran t 
systems wher e failure s ar e critica l an d no t acceptable . 

Chapter 7  cover s voic e recognitio n technique s a s wel l a s device s no w avail 
able. Som e application s fo r contro l system s ar e als o considered . 
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C H A P T E R 1 

Speech Processing Chips 

1.1  Introductio n t o Voic e  Synthesi s 
Digital IC s 

Circuits wit h artificia l voic e offe r a  ne w dimensio n o f sophisticatio n t o almos t 
any electrica l o r electroni c moder n system . Traditionally , magneti c tap e re 
cording ha s bee n use d i n application s requirin g speec h announcements , fo r 
example, telephon e announcemen t systems ; a  syste m o f thi s typ e i s costl y be 
cause i t require s a  larg e numbe r o f tape s fo r differen t messages . I t wil l no t le t 
you creat e mixe d message s fo r differen t situations . Conside r th e cas e o f a 
public servic e telephon e tha t tell s yo u th e time . Thi s devic e wil l nee d 6 0 dif 
ferent tape s fo r eac h hour , no t t o mentio n th e numbe r o f tape s require d fo r a 
complete 24-hou r day . I n contrast , a  telephon e syste m tha t use s artificia l voic e 
stored i n digita l memorie s ca n creat e differen t message s b y pullin g u p th e dif 
ferent word s require d t o creat e a  specifi c message . Thi s syste m require s onl y a 
few chip s tha t wil l d o th e wor k o f a  larg e numbe r o f tapes . 

Let u s no w conside r a  talkin g voltmete r i n th e rang e o f 0  t o 5  V  wit h a 
resolution o f 0. 1 V . Here , w e wil l nee d 5 0 differen t message s correspondin g 
to th e 5 0 possibl e voltag e readings . I t woul d b e costl y an d time-consumin g t o 
develop a  tap e mechanis m fo r thi s project . 

In th e past , speec h system s wer e treate d a s dat a acquisitio n circuits , i n 
which a  voic e wavefor m wa s treate d lik e an y othe r fluctuating  voltag e input : 
The circui t recorde d th e wavefor m b y periodicall y takin g a  sampl e o f th e sig 
nal's voltag e throug h a n analog-to-digita l (A/D ) converte r an d storin g i t a s a 
binary value . (Th e numbe r o f sample s neede d pe r secon d depend s upo n th e 
frequency o f th e inpu t signal. ) Thes e digita l speec h signal s wer e store d a s 
pulse cod e modulatio n (PCM ) i n semiconducto r memories . Onc e th e sample s 
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2 1 .  Speec h Processin g Chip s 

were store d i n RA M o r ROM , th e circui t coul d recreat e th e origina l wavefor m 
by sequentiall y sendin g th e store d value s t o a  D/ A converte r a t th e sam e rat e 
as th e origina l sampling . On e secon d o f digita l voic e require d fro m 4  t o 3 2 
Kbytes o f memory . I f th e amoun t o f dat a store d wa s reduce d (compressed ) 
using a  know n principle , th e restoratio n o f th e origina l soun d wa s calle d 
"synthesis." 

The synthesi s techniqu e provide s a  dramati c reductio n i n th e amoun t o f 
memory require d fo r on e secon d o f speech . Memor y requirement s var y fro m 
400 t o 2,00 0 bit s pe r second , dependin g o n th e desire d speec h attribute s an d 
overall quality . A  ba d reproductio n wil l soun d unnatura l o r unintelligible . A 
speech signa l i s highl y redundan t an d predictable , an d b y codin g onl y th e 
slowly varyin g coefficient s o f speec h o r b y dramati c compressio n o f digitize d 
speech, significan t bandwidt h reduction s i n th e digitize d signa l ca n b e ob 
tained. Th e synthesize r techniqu e become s practica l whe n i t i s develope d wit h 
VLSI semiconducto r technology . 

Today, application s fo r voic e synthesi s ar e endless . Th e followin g ar e som e 
of them : telecommunications ; consume r appliances ; automotive ; counters ; 
consumer products ; instrumentation ; teachin g aids ; clocks ; languag e transla 
tion; annunciators ; voic e interactiv e compute r terminals ; nautica l an d aero 
nautical instrumentatio n annunciators ; voic e bac k unit s fo r banking , weather , 
and tim e announcements ; elevators ; trains ; subwa y systems ; toy s an d games ; 
warning system s fo r fire  an d polic e emergency . 

In th e are a o f instrumentation , a  speec h synthesize r i s a  ver y importan t 
tool. Whe n a  failur e i s presente d i n th e syste m bein g monitored , th e speec h 
synthesizer wil l immediatel y star t readin g th e procedure s containe d i n th e 
manual i n orde r t o indicat e t o th e operato r ho w t o correc t th e specifi c failure . 
Great benefit s ar e obtaine d i f a  speec h synthesize r i s installe d i n powe r sta 
tions, nuclea r plants , o r place s wher e th e use r mus t monito r a  myria d o f con 
trols. Her e th e speec h synthesize r augment s th e operator' s abilit y t o respon d 
rapidly an d correctl y whe n a  proces s ha s extende d it s norma l limits . 

In industry , a  speec h synthesize r ca n b e use d t o augmen t productivit y b y 
giving spoke n message s o n ho w t o assembl e specifi c products , thereb y freein g 
a use r fo r othe r tasks . Here , failur e t o follo w precis e direction s coul d lea d t o 
the destructio n o f equipmen t o r injur y t o personnel . 

The us e o f voca l warning s o n automobile s ha s bee n spreadin g sinc e th e 
early 1980 s t o remin d th e drive r o f th e electrica l o r mechanica l situatio n o f th e 
vehicle. Th e sam e feature s ar e als o applie d t o airplane s wher e th e syntheti c 
speech guide s th e pilo t wit h direction s suc h a s "slo w down, " "cl imb, " o r 
other appropriat e instructions . 

The pac e o f th e speec h processin g field  i s s o rapi d tha t som e system s no w 
under developmen t ar e exclude d fro m thi s book . Th e emphasi s o f thi s boo k i s 
on designin g wit h th e system s no w available . 
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1.2  Synthesi s  Technique s 

The basi c phonologica l elemen t o f speec h i s th e phoneme , whic h i s th e nam e 
given t o a  grou p o f simila r sound s i n language . A  phonem e i s acousticall y 
different dependin g upo n it s positio n withi n a  word . Eac h o f thes e positiona l 
variants i s a n allophon e o f th e sam e phoneme . Phonem e reproductio n i s a 
basic elemen t i n an y speec h synthesizer . Th e metho d o f "allophon e speec h 
synthesis" i s use d t o creat e word s o r phrase s wher e th e use r ha s t o thin k i n 
terms o f sounds , no t letters . Wit h thi s techniqu e yo u ca n synthesiz e a n un 
limited vocabular y b y usin g allophone s an d silence s i n th e appropriat e se 
quence. Phonemes , togethe r wit h speake r inflectio n an d volume , ar e th e fun 
damental buildin g block s o f speech . 

The America n Englis h languag e consist s o f approximatel y 3 8 t o 4 0 pho 
nemes: 1 4 t o 1 6 vowe l sound s an d 2 4 consonan t sounds . Fo r example , th e ini 
tial Κ  soun d use d i n word s lik e "comb " sound s slightl y differen t fro m th e K s 
in word s lik e "can't . " Thes e smal l variation s ar e du e t o th e vowe l whic h fol 
lows them , i n thi s case , " o " an d " a . " Eac h phonem e i s generate d wit h eithe r 
a voice d sound , a s i n "eye " o r a n unvoice d soun d lik e th e " sh " i n "shy. " 
There ar e als o allophone s classifie d a s résonants, voice d fricatives , voiceles s 
fricatives, voice d stops , voiceles s stops , affricates , an d nasals . 

Voice synthesi s method s ar e divide d int o thre e majo r types : wavefor m en 
coding, parametri c synthesis , an d synthesi s b y rule . Eac h metho d i s explaine d 
below. 

W a v e f o r m  Coding Methods 

This typ e o f voic e synthesi s include s differentia l puls e cod e modulatio n 
(DPCM), adaptiv e delt a modulatio n (ADM) , an d adaptiv e differentia l PC M 
(ADPCM). Th e origina l soun d wav e amplitud e i s sample d a t fixed  intervals , 
digitized, an d th e volum e o f dat a i s the n reduce d o n th e basi s o f th e synthesi s 
principles. 

Parametric Synthesis Methods 

Characteristic informatio n include d i n voic e waveform s i s extracte d a s pa 
rameters fo r synthesizin g purposes . Th e partia l autocorrelatio n (PARCOR ) 
method i s a  typica l example . I n thi s method , model s o f th e huma n vocaliza 
tion mechanis m ar e used . Voice d an d voiceles s consonan t sound s ar e discrim 
inated, an d voice d soun d pitc h an d amplitud e dat a ar e extracte d togethe r wit h 
filter characteristic s o f th e voca l tract . Voic e synthesi s i s the n obtaine d b y 
passing thes e dat a t o hardwar e consistin g o f digita l filter  circuits . 

Synthesis by Rule Method 

In thi s synthesi s method , group s o f phoneme s expresse d b y smal l quantitie s o f 
data ar e skillfull y linke d togethe r t o reproduc e an y desire d word s o r phrases , 


