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The audio waveform created fr-om speech is a complex signal of COIISi(ietabl~\<
variation, depending upon the speaker's physical characteristics, ernloU()n~~.iiL
state, and learned speaking habits. Fundamentally, speech is created
vibration of the vocal cords, which gives rise to the sounds, such as the
In addition, different sounds are created by air passing through
formed by the tongue, nose, and lips (for example, the jsj and jfj
These basic sounds are modified by the size and shape of cavities in the
nose, and other air passages in the head. Differences in all these physical raC:IlJfSc'
cause variations in the speech waveform from speaker to speaker, and even
day to day in the same person.

To be effective, therefore, a recognition system must be able to deal
these variations; that is, the system should be speaker-independent. In
waveforms, the variations are manifested as changes in frequency,
amplitude, and time duration. The system must be designed to norma
factors, to create parameters independent of absolute time, amplitude,
quency. This system's approach is to use ratios of quantities that can.
sured by the system.

Two additional goals are to make the system insensitive to extraneous
and to give it the ability to recognize continuous speech. Insensitivity to
neous sounds is desired so the system can be used in practical applica .
background noise must be tolerated. For example, in a manufacturing
nearby machinery or other people create sounds. Requiring a noise-free
ronment is not feasible in such a situation. The ability to recognize
speech is also a practical consideration. Certain systems quite accura
ognize discrete words, spoken with distinct interword gaps. Continuous
consisting of more than one word spoken in a normal sequence, is much
difficult to recognize because the system must determine when one
and the next begins. Since many applications require recognition of
of words, a system that restrains the speaker to an artificial way of
phrases is not satisfactory.

The final goal is to design a system that can be implemented using
processors. With this restriction, it is not practical to use some of the
that have been investigated in the past because many require processmg.p
in excess of that available with a microprocessor. For example, many
approaches utilize the fast Fourier transform (FFT) to convert the TI·m~'_rl,.r

30-2 SYSTEMGOALS

30-2 THE McGRAW-HILL COMPUTER HANDBOOK

Ideally, a truly general voice-recognition system would be capable of recogmzs
ing a large vocabulary of words, independent of the speaker.

This section describes an experimental system being developed by the
as a hobby. Although not yet totally implemented, major portions of the svsterr]/
have been completed and are operating. Based upon the results to
remainder of the system has been planned and is currently being ",..,.,ct.·"
The approach to the system design utilizes information about the
form that has been reported in the literature as well as characteristics >"'H.1"'''·' ...
can be observed on an oscilloscope or plotter.
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FIG. 30-2 Pattern of the word "ship"

The speech waveform for the word "ship" shown in Fig. 30-2 illustrates the type
of signal that must be processed by the system. The first processing step is to
sample the analog waveform and to convert the amplitude of the signal at the
sampling instants into a digital word that can be manipulated by the computer.
Important considerations in this conversion are the sampling rate and filtering
requirements.

30-4 INPUT-SIGNAL PROCESSING

and the time interval between peaks. This significantly reduces the amount of
data that must be handled in subsequent processing. The selected data is passed
on to Processor 2, which decides when the compressed data constitutes a pattern
and then generates parameters based upon the type of pattern. Processor 3, the
host computer, uses the sequences of parameters to decide which word has been
spoken and to take the programmed action, such as print the word or control
an external device. The pipeline configuration essentially follows the six pro­
cessing steps in the recognition procedure.

An alternate approach, one that reduces computational time at the expense
of additional hardware, is to separate the speech into 8 to 15 frequency bands
using filters and then sample the filter outputs. The frequency and amplitude
information can then be used directly in Fourier series and other frequency­
domain computations. In essence, the fine detail of the speech waveform has
been transformed from the time domain to the frequency domain. However, the
filters are relatively expensive and implementing them digitally requires signif­
icant computing power, which is not consistent with the desire to use current
microprocessors.

THE McGRAW-HILL COMPUTER HANDBOOK
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FIG. 30-3 Delta modulation

The amount of data generated by sampling the voice signal at 16,000 samples
per second would require a large amount of storage if each sample amplitude
were stored. In addition, this quantity of data would overburden the micropro­
cessor in the subsequent processing steps. As a result, it is desirable to find some
technique either of reducing the amount of data stored or of storing it more
efficiently, without losing the information needed for subsequent recognition.

One technique for reducing the amount of data is to use a different encoding
scheme. For a continuous waveform, such as a speech signal, DM can be used.
This approach encodes the differential change (the delta) in the signal magni­
tude between sampling instants. If the differential is less than a preset value, no
data is recorded, thus significantly reducing the amount of data for slowlyvary­
ing signals. In practice, a delta modulator can be implemented with an integra­
tor having a constant input with reversible polarity.

Starting at time t = 0, the output of the integrator is a ramp (the integral
of a constant), as shown in the first segment of Fig. 30-3. This output is com­
pared to the input signal at each clock time. When the integrator output exceeds
the input signal, the polarity of the integrator input is reversed. The integrator
output now decreases, as in the second segment of Fig. 30-3. When the integra­
tor output becomes less than the input signal, the integrator input polarity is
again reversed. In this way the integrator's output "tracks" the signal input
using a triangular wave that lags slightly behind the differential changes in the
input. By recording the times at which the integrator polarity is reversed, a
digital representation of the signal is obtained. Either the number of clock
pulses in each interval or a 1 or a 0 at each clock pulse can be recorded.

30-5 DATACOMPRESSION

Noise Suppression The physical environment in which a person speaks is sel­
dom free of background noise. To help suppress these extraneous signals, a uni­
directional microphone with a windscreen is recommended. This type of micro­
phone helps ensure that the speech signal will have a significantly higher
amplitude than that of the background noise.

Low-frequency (high-pass) filters also can help reduce noise generated by
low-frequency mechanical equipment such as electric motors. These filters can
be implemented by using analog techniques. However, the microprocessor can
provide their digital equivalent. Random sounds with a duration of up to several
milliseconds can be efficiently detected and eliminated with a microprocessor.

30-6 THE McGRAW-HILL COMPUTER HANDBOOK
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Variable-Amplitude Threshold A variable-amplitude threshold input section
is useful for determining the start and end of valid voice input. This technique
is used to lower the threshold amplitude until a signal that exceeds the threshold
voltage is received. The pattern-recognition component in the system identifies
the data as background noise and increases the threshold amplitude. After a
delay that is shaft compared to the length of a valid speech sound, the threshold
amplitude is reduced slightly and the sequence repeats. By using this approach,
the system continues to search for a valid speech signal without burdening the
system with erroneous noise data.

An interesting phenomenon that occurs in speech can cause end-of-word­
detection problems. At the end of a word, the vocal chords have lost their exci­
tation but are still oscillating. The speech waveform begins as erratic decay that
sometimes can be interpreted as multiple speech dead times. This decay can
cause an ambiguity in defining the exact end of a word. To help more clearly
delineate the end of a word, the variable-amplitude threshold can again be used
to advantage. When the interval between slope reversals exceeds lams, the
threshold amplitude is increased and the sampling rate is reduced to 1,000 sam­
ples per second (l-ms intervals). After a short delay, the original threshold level
is restored, but sampling still continues at l-ms intervals. When the input ampli­
tude again exceeds the threshold amplitude, the sampling rate increases to its
maximum rate.

The next step in a voice-recognition system is word-boundary determination,
the process of determining if a word is present and where it begins and ends.
Although this seems to be a trivial process, difficulties arise because of such
factors as background noise and electronic interference. There are at least four
signal characteristics that can be used to distinguish speech from noise: ampli­
tude, frequency, duration, and sound patterns. Individually, none of these char­
acteristics is sufficient for all cases, but, 'when used in conjunction with each
other, an effective means of word detection is possible.

Because of the multiple characteristics being used, word-boundary determi­
nation must be done in several stages within a system. Easily identified word
boundaries are determined at the time of input, to allow isolated (discrete)
words to be identified. For continuous speech, where one word rapidly follows
or is slurred into another, word-boundary determination must be done at a later
step of the recognition process.

30-6 DISCRETE WORD-BOUNDARY
DETERMINATION

waveform. As an indication of the data compression provided, most small words
(like "ship") require about 500 bytes of storage.

The FAS method does require that the time intervals be measured with rea­
sonable precision. Experimentally, it appears that sampling at least every 80
us (12,500 samples per second) is required. As noted earlier, the implemented
system uses a 20-lls interval (50,000 samples per second), providing more than
adequate time resolution.

30-8 THE McGRAW-HILL COMPUTER HANDBOOK
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The top third of Fig. 30-6 samples for a slope reversal and should be less than
80 us (preferably faster), so that peak times can be accurately determined. The
section on the right side of Fig. 30-6 shows that changing the sampling rate has
no effect on the amount of data needed to represent the waveform. Only when
the slope of thJ waveform changes sign are any data saved. Thus, increasing
the sampling rates simply provides more precision in determining the time
between peaks. When a slope reversal occurs, the maximum or minimum ampli­
tude can be either saved or forwarded to the next microprocessor. The time
between slope reversals also is saved, and the scanning continues looking for the
next slope change.

The lower-left section of Fig. 30-6 suppresses data output during speech dead
times, such as between words or during some consonants. A slow sampling rate
and variable-amplitude threshold help eliminate background noise and false
end-of-word detection. Because data is not saved until a word actually exists, a
considerable amount of data need not be analyzed subsequently. For simple
words (e.g., the word "one"), the FAS method reduces the input waveform to
only 256 to 512 bytes of data.

As a side benefit, data resulting from the FAS method allows very simple
speech-output hardware. A digital-to-analog converter (DAC) may be used in
conjunction with the transition time. This data is sent to the DAC to generate

30-10 THEMcGRAW-HILLCOMPUTERHANDBOOK

FIG.30-6 Flowchart of FAS algorithm



~r-ocNOI1IN8033t13310A

-snnodOM1
uaaMlaqlUaw8asaABM-aU!S13PnllSUO:)UB;)rosscoordoronnaq1'rndmoAl!lBnb
-laq8!q10d°UI10pABMqooodsaqlalBUI!XOlddBlBq1sodaqsaABMlBln8uBpl

°SP10MJOs8umadsIBU0!l!PBllaqllOU'spunosql!MAIU!BWJlas1!Ula;)UO;)rsnur
uomusooara;)!OAreqisoransrqpOSIBuonoosS!q.l°saldUIBxasnorournuAqP;)Y!
-1131;)isoq;)113qooodsJOsiuouoduroo:)!ls!n8u!Iaq1JOSUO!l!uyaa'uonoosaqlJO
rcpureuroraq1U!posnsunoiaq18U!pUB1Slapun10JS!SBqUOUIUIO:)13ap!AOld01S!
oroqosodrnd1!aq1-sUIla1asaqlJOAUBUIJOuoutuucproorrooAlIu:)!uq:)a1aq1S!
1BqM01SBsls!n8u!{8uowuluaUIaa18BS!pqonurS!alaql'paapU!-SlS!n8u!1amd
AqsnorosuAIIB;)!uq:)a1poroptsuoolOUamsuo!l!uyapaqlq8noq1IV°aldoadlSOUI
oilB!l!UIBJunaqABW1Bqlsuuoi:)!ls!n8u!IU!B1la:)osnsuouoosiuenbosqnsaq.l

SWI::I3.1al.1Sln9NI1.::10SNOI.1INI.::I3ClL-0£

,:;)lOW"U!,,1'i'}U!Inll;)AO"
;)q1AqP;)P;)'yBAllUB:)Y!U'i'}!SS!,:lBOq"U!SB'punos/0/aql';)IdwBXa10J~SlUBU
-OSUO:)Aq"p;)Inll;)AO"U;)UO;)113SpMOA"0;),,lU;)I!S;)qlAqP;)l:);)'yB;)113"auBd"
pUB"uBd"U!"B"JOspunos;)q.lo(lU;)WU01!AU;):)!W;)qdBl'i'})P10M;)qlJO'i'}U!
-lpdsaq1uo'i'}u!puadap'otucuoqdouoUBq1;)lOWiuosaidcrSPMOA'AI'i'}U!Sua){Bl
uaAtI°S;)!:)U;)lS!SUO:)U! ourcuoqd-aurcqdurxJOroqumuouranxoUBinosordsp
-MOA°pMOA;)UOlSB;)11BSU!BlUO:)ouraqdrourqS!l8utIAlaAt[o(I;)MOA13SBposnoq
ABUIOSIB"A,,)"n"pUB,:0",:!".>,"'13,,Sl;)11;)1aAYaqlamSpMOASI;)MOA

°S:;lUIauoqdorourucao
oonpordU0!lBU!qWO:)U!Ua){BlSlUBUOSUO:)o(lU~:»)"s"JOpunos;)qlS;)W!l;)UIOS
pUB(113:»)"){,,JOpunos;)q1SMOllOqsaUI!l;)UIOS1!~UMOSl!JO;)A!SnpX;)punos
ouSBqq:)!qM.>,lan;)1;)ql';)1dwBXa10J'SB'suoudooxo;)113;)l;)q.lO;)w;)uoqd
;)1'i'}U!S13iuosardarSlUBUOSUO:) lSOW'AI'i'}U!SU;)){B.l,:n"pUB,:0""'!,,.>,,:13"
SPMOAoqirdooxclaqBqd1BaqlJOsrcnojaql1113ernSlUBUOSUO:)SlUBUOSU03

°awauoqd
ouoAIUOsiucsordcrIoqUIASouoalaqM'slaqBqdIBonouoqd1UaAU!01SlS!n8u!l
palaABqpUBa8Bn8uBIqs!{8utI;)qlU!UOUIWO:)Al;)AalB(S;)!:)U;)lS!SUO:)U! ;)UIaU.
-oqd-ouroqdarx)spunospUBs8u!{pdsU;)aMl;)qSa!:)ua1S!SUO:)U!osoqj,"oaUIB1"
U!"a"lUa{!Saql'aldUIBX;)10J'SB'1113113ourouoqd13iucserdorlOUS:;lOP1;)lla113
'AIIBUO!SB:):)O"Oa){:BUI"pUB"'laqlBJ,,,:113:)"U!preoqsourouoqd1Ual;)'y!pa;)lql
;)qliuosordorUB:)"13,,:aldUIBX;)10d°saw;)uoqdJOroqumu13iucsordarSlana1
;)WOS'punqroqioaqluo.:asnoq"U!"no"AqpcnroscrdcrpunosoqiSBqons
'1;)11;)1ouoUBqlorourarmborscurouoqdourososnaooq;)SB:)aqlSABMIBlOUS!
S!q.l°aUIauoqd138u!luasald;)1l;)naIqouoql!M'souiouoqd;)alqlsuq"113:),,P10M
aql'aldUIBX;)10d'punosaA!pUnS!pJOnun:)!SBqaqlS!ourouoqdV;)W;)Uoqa

°AllU;)puadapu!
posnaqUB:)laql!aUmq'U0!l;)BUB8U!lB:)!PU!"8u!,,pUB~)A!lB8au138u!aq
"un"q1!M'S8U!UBaUIUMOl!aqlaABq"8u!,,pUB"'u!d,,,:un"souroqdrouraql
'aldUIBxa10d°SP10MSBoirojoraMlBqM;)){BW01srcqioql!Mpoutquroooqisnur
souroqdrour;)WOS,:qsy"pUB"U!d"'aldwBxa10J'lq8pUMOl!aqlU!SP10MalB
sonraqdrotuAUBW°awaqdlowouolSBaIlBJOdnopauralBSP10M1113'qs!l8UtI
uI°a8Bn8uBI·U!8U!UB;WJOnunlsal[BwsaqlS!ouroqdrourV;}w;)qdJoW



Pattern Characteristics The random waveform sounds change slope polarity
frequently, and the time between slope reversals is usually less than 160 us.
Potential stop consonants (fbi, Idl, I g], Ip, It I , Ik/) are detected in the data­
input section or during the pattern-detection phase of analysis and are identified
by a pause followed by a high-amplitude signal. If a lO-ms interval between

The next processing step in the voice-recognition system begins the analysis
phase. There is some uncertainty as to what constitutes the intelligence of
speech and what characteristics of a speech waveform allow the brain to rec­
ognize words. However, it appears that the intelligence recognized by the brain
is related to patterns of frequency and amplitude. Taking this view, speech con­
sists of patterns of several types and transitions between patterns.

It is difficult to describe precisely what constitutes a pattern because of the
many waveforms that can occur in speech. A rough definition of a pattern might
be multiple occurrences of a particular distinctive waveform.

Observing the waveforms of phonetic sounds on a scope or plotter resulted in
identifying three general pattern characteristics. Most unaspirated sounds, such
as lsi, appear random in nature, but even randomless can be defined as a dis­
tinct characteristic. The vowel sounds are complex periodic oscillations caused
by vocal-chord vibrations. Stop consonants are characterized by a short pause
followed by a high-amplitude burst of sound. Variations of basic sounds are
caused by the mouth, temporary positions of the tongue and lips, and the per­
manent characteristics of other facial features. Thus, each pattern variation is
unique to an individual, and so the patterns must be defined broadly to be
useful.

The patterns do not remain constant, even within a phoneme. As one pho­
neme ends andjanother begins, there is a transition between patterns that may
range from silence to a complex blending of the initial and final pattern. The
first processing task, therefore, is to recognize the existence of a relatively stable
pattern that, in subsequent analysis, can be classified for use in identifying the
spoken word.

The saved input data are the time intervals and amplitudes of maxima and
minima. The time intervals are very useful for determining random variation;
the amplitude values are used for identifying oscillations. However, neither can
be used independently to determine the parameters of a pattern.

30-8 PATTERN DETECTION WITHIN A WORD

Diphthong A diphthong is a combination of two adjacent vowels in a mor­
pheme, where each vowel is sounded and each produces sounds it does not pro­
duce in other graphemic environments. The "oi" in "oil" and "ow" in "out" are
diphthongs.

Digraph A digraph is a combination of two vowels or two consonants that
results in only one phoneme. Examples are the "ch" in "chair" and the "ai" in
"sail."

30-12 THE McGRAW-HILL COMPUTER HANDBOOK
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1. Damped oscillations-amplitude analysis (four ratios)
2. Damped oscillations-time-interval analysis (four ratios)
3. Peaks-amplitude analysis (four ratios)
4. Peaks-time-interval analysis (four ratios)
5. Number of repetitions
6. Average time interval

Types of Patterns In the system being described, two independent searches
of a pattern are made to extract the necessary parameters. One search does a
detailed analysis of types of oscillations; another search develops the trends of
the pattern. In -each search, both time and amplitude data are examined. The
analysis is based upon changes in time and amplitude between peaks, and the
parameters are expressed as ratios, so as to make the resultant parameters inde­
pendent of the absolute time and amplitude.

Eighteen parameters currently are calculated in this system; sixteen are
grouped into four categories. The remaining two parameters are single values:
one is a number and the other is an average taken over the total pattern. The
eighteen pa~ameters can be summarized thus:

After segmenting the word into patterns, the next step is to derive a set of mea­
surement parameters that can be used for the further classification and trends
of the patterns ..If patterns are described too precisely, the chances of finding
them again in the same word are small. If patterns are examined too coarsely,
the distinction between vowels, for example, is very difficult. To produce
speaker-independent recognition, some degree of variation must be accom­
modated.

A number of parameters can be used to describe a speech waveform. Some
parameters require large amounts of mathematical manipulation, implying sig­
nificant processing time or additional hardware. Cost, performance, and accu­
racy must be balanced to create a reasonable system configuration.

30-9 PATTERN PARAMETERS AND ANALYSIS

the end-of-pattern is declared. Similarly, when damped oscillations are found,
the end-of-pattern is declared after the appearance of seven slope reversals
which do not satisfy the criterion.

After an end-of-pattern is declared, the preceding data are examined to
determine the number of slope reversals in the pattern. If there are fewer than
about 40, it is assumed that the data represent a transition period and they are
ignored in subsequent analysis.

This procedure was derived from experimental results and observations of
speech waveforms. Tests to date indicate that it is effective in segmenting the
word for subsequent analysis. Due to variations in speakers and utterances of a
single speaker, the same word may result in differing members of identified
patterns. These multiple patterns must be resolved in the subsequent pattern­
classification and word-recognition portions of the system.

30-14 THE McGRAW-HILL COMPUTER HANDBOOK



9'--0£NOIIIN8083l:::13810A

(0)

101j:}MOA~In(q)
pUB'/BIj:}MOA~ql(B)JOSUJ~nBd8-0£"DI:J

(q)

'W~lSAS
IBlU~Wp~dx~snnU!A1BSS~~~UunpunojU~gqSBqS!qlmq'(nummu)s)]:B~d
~A!lB:a~UpUB(BWIXBlll)s)]:B~d~AmsodqlOqql!M.posn~qPlno~idoouoo~ql
'S!SAIBUBS!qlU!posnams)]:B~d~Amsod~qlAIUO'~:)U~!U~AUO~10d'6-0£':a!dU!
suonnodarOM.l10JAnB~!qdB1:aP~lB~!PU!amBlBPp~ABS~ql'S!SAIBUBIBA1~lU!
-ouml~lBI~qlU!osn10]p~ABS~lBOSIBs)]:B<:ld<:lAmSOd<:lAylSlY<:lqlU~gM.l<:lq
SIBA1<:llU!cum<:lql'p~ABSS!UO!l!l<:ld<:llq:)B<:lU!qB~d<:lA!l!SOd]0roqumu<:lql
'A{lBl!W!S'p<:lABSpUBp~UIW1<:ll~PS!suounodcrjoroqurnuIBlOl<:lql-suounodor
<:linA]!lU~P!oiP<:lU!WBX<:l S!SUOIlBA1~SqO<:lS<:lql uodnposaqnrepuronud~ql

-spunos1~M.OAOM.l10J8-0£':a!d
U!p~lB1lSnlI!S!uonnodcrBU!s)]:B~dJOroqumu:aU!A1BA<:lql]OpUBsuonnodcr
~ql]0<:l:)U~lS!X~<:lql·PM.OA1Bln~!llBd<:lqloip<:llBp1sreodda(s)]:B~d)SUOPBI
-T!:)SO]0roqumu~ql'uounodorq:)B~U!ql!M.'lO!ABq<:lqpodurepoqijosuonnodor
]0roqumuB<:llBAIlB:)!dAl~l~ql'~dAlS!qlJOU1~nBdBU!ql!M':aU!SU~l:)<:lpAIlB:)
-!UOlOUOW<:llUtnaqijo~lOW10~~lqllBql:aU!lOUpUBs)]:B~d<:lA!Ss~:)~ns]0soptu
-qdumoqijo~nIBAomtosqncqi:aU!lBdwo~AqP<:lypUgp!S!uronnduogUIl!:)SO
-podurepU'l<:l!llU~pcquoscpSVS!SAI1mV;}pnmdWV-SUOHUIIPSOp;}dwuG



Again, the program should test the denominator for zero before attempting divi­
sion. Also note that rg is the average time duration of the damped oscillations.

Because iris conceivablethat the denominator of some of these ratios might be
zero, the program must test its value to avoid an attempt to divide by zero.

All calculations are done by using integer arithmetic, which is usually faster
than floating-point arithmetic. This is why the ratios are designed to provide
numbers greater than 1. The ratio r4 provides the average number of peaks in
a damped oscillation; this number is a clue as to the type of vowel or pattern.
If there are more than 16 damped-oscillation segments (R > 16), the pattern
is a candidate for classification as a vowel.
Damped Oscillations- Time-Interval Analysis Referring again to Fig. 30-9,
a similar set of }atios, arbitrarily designated r, through rg, are calculated. They
represent the average time intervals associated with each of the first four peaks
and with the entire pattern.

The ratios are calculated as:

sum of 6tj's in R reps
rs = no. of Pz's in R reps

sum of 6t2's in R reps
r6 = no. of P3's in R reps

sum of 6t3's in R reps
r7 = f P' . Rno. 0 4S III reps

sum of all 6t's in R reps
rg =

R

r3 = ----'-----~
no; of P4'Sin R reps

. total no. of peaks (P) in R reps
r4 = R

r( = ------'----
no. of P2's in R reps

. . R
r2 == no. of P3's in R reps

R

R

If we let R be the total number of repetitions (reps) in the pattern, four
ratios arbitrarily named r, through r, are calculated:

Sumof all L'lt's = 104

FIG. 30-9 Example ofdamped oscillation analysis

L'lt, L'lt2 L'lt3 L'lt4 L'lt5L'lt6
=7 =8 =9 =10=11=12
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The total procedure is summarized in Fig. 30-10. The word-boundary and
data-compression (selection) procedures were described earlier and are shown
in more detail in Fig. 30-6. This procedure executes very quickly on a micro­
processor. It is implemented in about 300 lines of assembler code and requires
about 600 bytes of storage.
Pattern Analysis Specific computer routines that examine the parameters
described have not yet been completed. As a result, experimental evidence that
the 18 parameters are sufficient for voice recognition has not yet been obtained.
Development of the pattern-analysis and word-recognition algorithms may
result in modifications, additions, or deletions to the set of parameters. However,
the work to date suggests that this set may be sufficient. On the basis of manual
computation and visual observation of the ratio parameters for many different

Parameter-Calculation Procedure The remaining two parameters are the
number of repetitions in the pattern (earlier defined as R) and the average time
interval in the entire pattern. This is defined as:

sum of all ~t's in total pattern
rl7 = p

FIG. 30-10 Block diagramof pattern classification
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In this system, the burden of converting to the frequency domain was not
considered reasonable, so all analyses are being done in the time domain. How­
ever, some frequency information is inherent in the time-interval data that has
been saved by the system. The exact relationships have not been derived, but it
is expected that the average values of the various time intervals can be related

TABLE 30-3 Table of Formant Frequencies
for Vowels

Typewritten Typical
symbol for vowel word Fl F2 F3.*

IY beet 270 2290 3010
bit 390 1990 2550

E bet 530 1840 2480
AE bat 660 1720 2410
UH but 520 1190 2390
A hot 730 1090 2440
OW bought 570 840 2410
U foot 440 1020 2240
00 boot 300 860 2240
ER bird 490 1350 1690

ZH rouge
F fan
THE thin
S sod
SH shove

DZH gem
TSH chin

van
then
zip

V
TH
Z

Fricatives Affricates

T tin
K cat

pin

Whisper
Consonants

Stops

W wag eI bay
L lamb oU boat
R rod aI buy
Y yes aU how

01 boy
jU few

(These sounds are particu­
larly dependent upon their
location in the word and
surrounding vowels.)

Vowels

IY beet
I bit
E bet
AD bat
UH but
A hot
OW bough
U foot
00 boot
ER bird

Nasals

M miss
N knot
NG sing

Semivowels Diphthongs

TABLE 30-2 Orthographic Representations
of Phonemes in American English and
Representative Words
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handbig H
dig
give

B
D
G
P
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FIG. 30-11 Recognition pattern for the word "one"

Hashing Parameters Hashing algorithms take all the key parameters from
the phoneme sequence and generate an address based upon some algorithm.
Some key parameters that can be used are the number of unique patterns, the
placement of vowelswithin a word, and beginning sounds. Hashing algorithms
are very efficient for converting the large number of parameters (40 to 50 bytes)
in a word to a 16- to 24-bit address.

Indexed Search An indexed search is used for larger vocabularies. A table of
parameters is maintained that gives an address of a group of words with similar
properties. For example, an index table composed of phonemes can be used for
start-of-word sounds. If the first pattern of a word contains an /s/ sound, the
[e] entry has associated with it a starting address for a table in memory. The
table contains all words with a starting /s/ sound, their likely phoneme
sequences, and other key parameters. This table of phoneme-constructed words
can have the English spelling as part of its entry. This spelling entry could be
used to directly print the word or to initiate some other computer response.

A number of well-known searching techniques are available. In some cases,
combinations of the techniques are used in a sequential procedure. The follow­
ing paragraphs introduce three of the search techniques likely to be useful in
this system: binary, indexed, and hashing.
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Binary Search The binary search technique can be very efficient for a reason­
able number of entries, such as might be encountered in digit recognition. The
lookup table can reside in memory; a search divides the table in half and decides
which half the observed phoneme sequence is in. That half is cut in half, and a
similar decision is again made. This process continues until the word is found.
A table of 1024 entries can be searched with only 10 decisions by using this
method.
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