
Chapter 3 

Description of the Cascade/Parallel 
Formant Synthesizer 

The Klattalk system uses the  KLSYN88 cascade-~aral le l  formant synthesizer that  was first 
described in Klatt  and Klat t  (1990). This speech synthesizer is based on an original design 
described in Klat t  (1980). This  chapter1 will outline the acoustic theory upon which KL- 
SYN88 is based and will motivate a number of design decisions and modifications tha t  have 
been made since the publication of the  original Klat t  (1980) synlhesizer. Specific synthesis 
equations for sound sources and vocal tract  transfer functions of various types are presented 
in Section 3.2. The  effect on the  synthesis of each control parameter is described in detail in 
Section 3.3, and examples are given of synthesis values for several different types of speech 
sounds. A final section will discuss simplifications made t o  permit  real-time hardwarc im- 
plementation of the synthesizer in Klattalk. Readers familiar with Klat t  (1980) may wish 
t o  skim over the  first two sections and concentrate on the  control parameter definitions of 
Section 3.3. 

3.1 Overview 

The broadband spectrogram shown in the  lower half of Figure 3.1 illustrates a method of 
analyzing speech to  determine the  frequencies a t  which energy is present as a function of time. 
Time is plotted along the horizontal axis, frequency along the  vertical axis, and blackness 
a t  any point is monotonically related t o  the  energy in a frequency band 300 Hz wide, as 
averaged over a time interval of 1 or 2 ms.  

T h e  waveform shown a t  the  top of Figure 3.1 shows a short  sample of periodic voicing 
from the / I /  of Uthisn followed by aperiodic noise from the  Is/. Voicing is generated by 
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t h e  most u p  t o  d a t e  versions, copy t o  DEC20 using CFTP program,  a n d  big-latex it .  All figurea a r c  in the  
t o p  left filing cabinet  drawcr of my office labeled "Manuscripts in p repara t ionn .  Book title: KLATTALK.  
Subtitle: T h e  Conversion s f  English T e x t  t o  Speech. 
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Figure 3 .1 :  Sound pressure waveform (top) a n d  broadband sound spectrogram (bottom) of 
a sample of speech. 

vibrations of tile vocal folds of the larynx. I t  shows u p  on the  spectrogram as a series 
of vertical striations, each correspoilding roughly t o  the  excitation caused by the  sudden 
ternlination of airflow as the vocal folds come together during vibration. 

Tlle horizontal dark bands seen during voicing a re  d u e  t o  the  resonances of tlie vocal 
tract wllicli modify the sound produced by the  voicing source. These  resonances, which are 
called formants, move about in time in response t o  t h e  motions of articulators such as the  
tongue, j aw,  lips, and velum. Formant frequencies are the  main acoustic evidence to indicate 
tlie articulation eniployed by the  speaker during tlie production of m a n y  speech sounds. 

During noise production, as in t h e  /s /  of "thisn,  a turbulence noise source is created 
a t  a constriction fornied by the  tongue t ip.  Only tlie "front cavity" (i.e., t h e  portion of the 
vocal tract in front of tlie constriction) higher frequency natural  resonant modes of the  vocal 
tract are excited to forni broad dark areas in tlie spectrogram. T h e  lower formants, being 
back-cavity resonances, are usually not excited by the  noise source. 

In general, speech i e  produced by the  sequential activation of one or more sound 
sources wllicll then excite the  resonances of the  vocal t r ac t ,  resulting in characteristic acoustic 
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Figure 3.2: The output spectrum of a speech sound, P( f ), can be represen tedin the frequency 
donlain as a product of a source spectrum S(f), a vocal tract transfer function, T ( f ) ,  and a 
radiation characteristic, R( f ). 
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patterns of sound radiating from the lips and nose of the talker. Only two basic types of 
soulid sources are activated to produce most of the sounds of the languages of the world: 
(1) quasi-periodic sources involving tlie vibration of some structure such as the vocal folds, 
tongue tip, lips or uvula, and (2) turbulence noise sources - either sustained, as i n  a fricative 
such as /s/ or an aspirated sound sucli as / h / ,  or a brief burst of noise, as a t  the release of 
a plosive such as / t /  aiid / d l .  For some sounds, a transient source is generated by abruptly 
releasilig a closure behind which a positive or negative pressure has been created. 

Duplication of the acoustic patterns that appear on spectrograms serves as the end 
goal of efforts to produce synthetic speech. The ultimate criteria are, of course, perceptual: 
"Is tlie speech intelligible? Does it sound natural?" However, Holmes (1961; 1973) has 
sho\vn that a ulell-designed formallt-based speech synthesizer which can duplicate the pat- 
tern seen on a broadband spectrogranl, i.e. the smoothed magnitude spectrum as it changes 
in time, is capable of producing speecli that is indistinguishable from the original recording. 
In this sense, it is reasonable to base synthesizer performance on objective spectral compnr- 
isons, rather tliali informal subjective listening that is known to be strongly influenced by 
experhen  ter bias and expectations. 

* 
SOURCE 
VOLUME 

Historically, speech synthesizers fd l  into two broad categories: (1) articulatory syn- 
tliesizers that attempt to model faithfully the mechanical motions of the articulators and 
the resulting distributions of volume velocity and sound pressure in the lungs, larynx, vocal 
tract and nasal tract, and (2) formalit syntl~esizers which attempt to approximate directly 
t l ~ e  speech wavefornl and spectrunl by a simpler model fornlulated in the acoustic domain. 
Klattalk employs n formant model of speech generation since current articulatory models 
are fairly primitive, and rules to control the muscles or shapes of the articulators in such a 
model are difficult to optimize. 

Tlle syntl~esizer design employed in Klattalk is based on an acoustic theory of speech 
production that was first presented i n  Fant (1960), and is summarized in Figure 3.2. Ac- 
cording to tliis view, one or more sources of sound energy are activated by creation of a 
pressure drop across a constriction in the airway, usually by the build-"* of l ung  preeeure. 
Treating each soulid source separately, we may characterize it in the frequency domain by 
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Figure 3.3: Sin~plified block diagram of the  synthesizer. 

a source spectrum, S ( f ) ,  where f is frequency in Hz. Each sound source excites the  vocal 
tract ,  which acts as a resonating system analogous to  an organ pipe. Since the vocal tract  
is a linear system, it can be described in the  frequency domain by a linear transfer function, 
T ( j ) ,  which is a ratio of output  lip-plus-nose volume velocity, Ul(f) ,  t o  source input ,  S ( f ) .  
Finally, soulld is radiated from the  lips and/or nose. The  spectrum of the  sound pressure 
that  would be recorded some distance fiom the lips of the  talker, P,( f ) ,  is related to  lip-plus- 
nose volume velocity, U t ( f ) ,  by a radiation characteristic, R(f),  t h a t  includes the effects of 
directional soulid propagation from the head. 

Each of the  above relations can also be recnst in the  t ime (waveform) domain. This is 
the donlaill in which a waveform is actually generated in  the  computer.  A sampled version 
of P,(t), denoted by P r ( n T )  consists of samples of the  synthetic ou tpu t  waveform that  are 
usually taken 10,000 times/second, i.e. every T = 0.0001 seconds, where n is an integer. 

The  syntliesizer to be  described includes components t o  simulate the  generation of 
several different kinds of sound sources, components t o  simulate t he  vocal-tract transfer 
iunctioii, and a component to  simulate sound radiation from the  head. A simplified block 
diagram of the  syntllesizer is shown in Figure 3.3. T h e  laryngeal sound sources-voicing and 
aspiration noise (as in /h/)-are combined into a glottal ' volume velocity waveform U,(t) 
that  excites the  vocal tract. T h e  vocal-tract model consists of digital formant resonators 
coni~ected in cascade ( the  output  of one serving as the  input t o  the  next) .  T h e  output  of the  
vocal-tract model is a lip volume velocity waveform, Ul(t).3 Radiation of this sound about 
the liead results in  n sound pressure waveform P r ( t )  tha t  can be measured by a microphone 
placed about a fixed distance in front of the head. 

There is a second model of the  transfer fuilction of the  vocal tract  when the  sound 
source is not a t  the larynx, as for example in a fricative or plosive. In this lat ter  case, a 
frication source generates a turbulence noise waveform tha t  excites a set o i  digital formant 

'The glottis is the a p a c e  be tween  the vocal f o l d s  of the lnrynx. 
JWhen a nasal c o n s o n a n t  is produced, mound p r o p a g a t e n  from the n ~ a l  tract, so that UI(t) should be 

thought of as including any volume velocity from the narer. 


























































































































































