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AN‘IMPROVED‘MICROCOMPUTEQ-BASED SPEECH RECOGNI TTON SYSTEM . :

Edward J. Webb

1/ ) ' '
The fxpansiont of the vocabulary of a- microcomputer~hased

speech recognition system {s accompanied by a reduction in -

UL Rt b ¢ e

its: rqﬁe ‘of recognition. Tb)rgtain a high standard of

PS - S

, . \//‘ M .
performance in increasing the vocabulary size to 36 words,

the characteristics of the spokén word-'are used in addition.

to data samples representing formants Iy 2 and 3 and a

g Pl e s AT RS o P g %

zero-crossing detection taken at regular 1nterva1glthrohgh
the auration of the yord. Recognition of the spoken word'is
aEtaiAEd by matching 'daia samples of the target word to a
vocabuléry made bx the  same speaker. The vocabuiaryl is
reffectively red%cgd by prior coﬁsiderationAof the length of . 1

-

"the word, whether ‘it contains a.stop and also the formant

Nt e e

composition and zero-crossing detection at the beginning and

the end of the word. A recognition rate of up to 90.8% is
- oo L4 '

possible.by the combination of these methods. The uuse of

o 3
! fdedback given to the speaker and the importance of the e

.words chosen for fhe vocabulary -are discussed. The system

was fabricated, tested and demonstrated‘wifh results,
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' INTRODUCTION o~
v 3 . . .

: 3 .
.1 BACKGRUUND o |
‘ 'Early investigation into the" nature of speech involved
exper:ime‘ntal phonetics, the.operation of the vocal‘ tract in,
speech product\ion ar:d the identification of many of 4the
aco‘ustic': parameters that are still the major co}acern in this
area. Machine recbgnition of speech was the fruii: of this\
research and the first automatic speech recognition 1is
common ly accorded to Daiyis, Biddulph and Balashek (1) of the
Bell L'alboratories in 1952, Tr;ese researchers, thelir
contémporaries and t‘heir successors have used methods which
are fairly similar but with large variations in emphasis.
. Among the earliest of technigues has been the
_ ‘comparison' and mat;chinq of speach 'sound's ‘ using
spectrographic representat\ion. The wpric of Potter, Kopp and
Green (2) has been an”important influence on speech research
as is ev‘idenced by the common use of pattern recégn';tion
techniques eveﬁ ~without ‘the use of” the spectrograph. Other

-

methods have 1n<Q5p6rated the extraction of features such as

a v'oi;:ed/unvoiced .classification, limitétion of word . Or

phonéme 'vocabulary., isolation of. the word or phoneme,
restriction to ?}ingle speaker and 'a'mplitude and time

normalization of the speech sample.

{ .




v ' »
1.2 SCOPE 4
P

The present study ut;i lizes some‘ of the methods
establi shed with large scale and sophi sticated equipment and
adapts these to a rela'\tively low cost microcomputer'system,
This, is a North Star Hori z‘on_ equipped with. a 280 central
proc.éssing unit, 64 kbyte random acce ss mem{éry. two floppy

B

d'iscs and {/speech board made by Heuristics Inc. (Los Altos,

»Califo,rnia); The basic capability of this system 1is the

recognition of ten isolated words through t}xe matching of

speech samples . from a target word against a stored
L} \ \ -~
vocabulary, where the smallest difference found gives the

v

»

key to thé recognized word.

The extension- of this sys'tem increases the vocabu‘la.ry

size to 36 words, retains a single speaker and employs some
feathres of the words to prevent serious degradation of
performance. The length of the word is one of its less

variant features and 1s used to limit its comparison with

‘only those vocabulary words of comparable length.

L. 4 -

Data samples "taken at the beginning and end of a word

have been shown by Wei ss (3) to have’ 2 considerable effect

»

on the recognition 6i‘ phonenes. The informational content of

n

"word extremities {5 used to quéli'fy the comparisons made to

the vocabulary. A stop which is 'containéd in a word is amonjy
its r_riost characteristic features and this gives‘an easily
used criterion for rejection of the vocabulary matches of

similar words which lack  this feature.
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Yo .the embedded stop. . ‘ - X oL
: .' ‘ o The 36-word stored vocabulary 1is potentially available
} N for matching ngainst the targef word, but is reduted in size
e‘: 1‘ N : ‘ by K . \ . . ) 1
o . by an initial comparison of the qualiti2s of the target word
g | « With the total vocabulary. Each vocabdlary word is tested to
? s ' ' T~ . {4
determine whether it qualifies for further comparison and is
o v “« ' : :
' elim{nated if this' is not. warranted. The vocabulary is :
reduced in this way - for the target word and i’s called the
IS : ) ) ’ ‘
‘ s .
relevant vocabulary for that target word. ‘
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e vocabulary 1s not built xip with single sémples as
in' the original - system bui: over a number' of consecut‘ive
samples., This not only provides a hetter data base, but
éffo‘rds the speaker pr‘ac:tice of each word sound. The
cghar'act‘eristics of the spoken word which are #collected a}'e

>

di splayed to the speake\r{ in. order that he obtains an

ob jective assessment of his spokenr. word; enabling him to

i

monitor and- - requlate his performance.

1.3 TRRYS ‘ . '

!

Itiis not 1intended to cover the acoustic parameters

extensively, such as has been done by Rabiner and
Schafer (4) and Reddy (5), but'to deal with those which have

particular application to this study. Data sampleé are

A

' N4 \
- collected from particular - bandwidths representing the

) i
amplitude of the speéch signal,.-falling within the

frequencies of the first three.fommants of the average vocal |

@ract. The. range of the filter bassf-bands%used to define.

formant | as 150Hz to QOlOst, formant 2 as 900Hz to 2206Hz
and formant 3 as. 2200Hz to 5000Hz. THese- frequency values
fol low those outliné}:\! by Shafer and Rahiner (6);

A periad of silﬂenée occurring within a word 1is taken to
be a stop consonant which may be either woiced or urjvoiced.

Detgct'ion of a stop is made by the comparison of the stored

-data sarﬁple with a threshold value, such that the diffetence

) between two significént comparisons gives the duration of

TYCEATEY e
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CHAPTER II

THE SYSTEM CONFIGURATION

-

2.1 HARDWARE

2.1.1 Computer hardware -

n * -

-

, The North Star Horizon 2 <Fig. 2.1) is a S$=100 bus
s
microcomputer with a 10~-slot mother board. The processor

board interfaces the Z80A ,central processing unfﬁ to the
$-100 bus carrying 8-bit data lines and I6-bit address’
lines. Ihed processor is equipped with a crysta} giving 2i{Hz
operatipn clocking C;or' memory compatihili%y.Thq system can

i

support up to four disk drives, two serial ports, one
. ‘ﬁ .

‘ pgrallel port and performs [/0 operations through circuitry

located on the mother board giving serial/parallel data

conversions.: = | ' .

Auxiiiary storage is ‘available through fwo minifloppy
disc drives (§hugar£ SA400) driven by the disc controller.
The 5 1/4 in. discs are hard-sectored and double density,
each giving approximately 179 kilobytes .of storage - and

stéring the Disc UOperating System on track 0, sector 4 of

the first disc, immediately folf%wing the first four sectors

which are reserved for ‘Ehe directdry. At run-up or reset
time a bootstrap PROM on the disc controligr. loads the

operating system from disc | into memory-

~
.
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[

The equipment above was obtained assembled and'tested
and the remaining equipment. was assembled from kit form by
the author. A larger capacity mem;ry than the original 16K
North Star memory was substituted, this beihqg a <5‘4Kk dynami ¢
random access memory !(Expan'doram). The parallel port is not
used and the first serial port is confiqured for a 1200 baud
rate serving .an upper case ' terminal giving the maj;r
computer access. 'The second serial po;'t is set to a 300
baud rate and usua liy interfaces a printing terminal
¢Terminet) giving not only advantages of hard copy, but
affording also a lower case keyboard option.. This port can
also ‘be changed to communicate with a modem, with the
Hdrizon microcomputer assuming the role of 3 terminai. In

this way, access to the Concordia CDC computer offers

back~-up opportunities of storage and printing.

2.1.2 Speech hardware

The speech board (Fig., 2.2) basically consists of some

stages which pre-process . thtanalog signal; an analog to

digital converter and is controlled hy digital logic. The
latter routes B analog signals, controls the A/D conversion
and enables the interface of the board to the .S~100 bus. The

board was assembled and tested by the author and connected

'for compatibility with the 280 clock signals and for

appropiate port;’ addre sses., Three voltage reference levels

-

were latched 'Ehrough the '8 to 1 analog multiplexor (MI1) to

PRATGPET NOTT SR TSNP
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" the A/D converter, its output being K diretted into three
memofy buffefs thch were check&d for proportionality with
the reference levels. . 'Ihe‘ gain of the microphone “}k
.pre—amp%ifie} (A1) was set, using a word spokén into the
- microphone, such that the - filter optmxts did not
consistently saturate. ' B \
Vocal inbut_ is given at the mic;dﬁhone which is also
! used as a beeper when driven by the signal generator. A béeb
- from. the microphone provides a cue to the speaker when the
-signal generator 1is enabled. This beep, of 10ms dufafion.

marks the beginning of the speech window and -a second

R PN

similar beeb 1.5sec. later marks its end. The speech input

is differentially Q@plified by the microphone preamplifier

s e p——

R up to 5kHz to compehsate for the greater energy found in the

»

lower freduency congponents of speech. This pre-emphasis

o omm mr oeeee g

tends to balance the three formant values collected in the a

-

next stage and compensate ‘for the attenuation of higher

-

frequencies of the vécal tract. :
Three band-pass filters receive the output of the

preamplifier and extract the ‘portion of the speech signal

RIRRCTEr U I ety apee

- which falls within the frequency range of the filter, The
.filter values are chosen to aparoximate the frequenc1e§ of
formants 1, 2 and 3 of the average vocal tracf.‘Qhe range df‘ o
filter F1 is leHz to 900Hz, Fé‘is 900Hz té ZéOOHz and F3 is
22004z to 5000hz. Each analog filter output is proportional ‘
to the microbhéné input within the filteyr bassband and |

c




o
-

varies about a level of 2~quéts. A time gverager
(TAT, TA2 and TA3) follows each filter, detecting the peak
of the input Qaveform and averaggs this nver a fixed time
peripd generating a ‘'voltage fro; 0 to 4 volts which fs
proportichal to thg‘signal within each Band. k

:
i
2 . ~
. . + /_J‘ . i
¥ . . .
R .

The amplified microphoék output from the .amplifier Al
. ‘ v

.

TR ol
Freaih W\g\:j e g e

.o~
Fer

Ny L is also applied to a secoRd amplifier A2 where it is again

S ¥R S S

emphasizgd'up to 5kHz and its unfiltered waveform swings 2
volts about a 2-volt resf‘level and is passed directly to

the analog multiplexer Ml, ihe output from A2 also passes to -
N . 2

i - a zero-crossing detector (ZCD) which produces a voltage

ST

proport(onal to the number of times the amplified speech
| ) sibnal‘crosses its rest level in a given time and thus
serves as an approximate measure Qf,thé" frequency of the

spoken input. {

. , The outputs from the time averagers, the zero-crossing

. detector and three.'reference voltages which are used for

testing .the speech system are available at the 8 to | analog

multiplexor. The selected oﬁtput ié passed either directl;
. to the analog to digital converiter or it is routed. through a
compression amplifier py a2 to | analog multiplex?r M2 . The
compression.ampl;fier increasés ’the low amplitude signals
and reduces those of higher ]evels approximating a
logarithmié gain .of its output signal. This affords a means

.of compensating for the variatioh in the volume of repeated

e . , >

v

PP et £t &



TSP Y . N

3

[ D ¢ e e B T T o e e e 2t ST "“”*'WMWWW“'WM
N .

- \ [

« Speech. - ' ¢

-
[l

The anaiog to digital conversion of the signél arriving
: _ from the‘%ulzipl;xor M2 is.performed by, a 6—bi€vramp dprtépe”
converter using a ripple counter driven by &£he_ system clock N
ang 2 vpltagp v?ohoarétor. The ripplé céﬁnter-génerites an
"increrasing voltage to one input of a comparator, the other
input being the processed speech signal. The compa(;tof
changes state when 1its inputs 'are equivalent and sgops the
—_ 3 counter when its cénténts\are available to the gggtem data
bus as a digital representation of the c6nverted analog

e signal.

’

2.2 SOF WARE CON TROL \ “

. o ' Program control of.speech collpction and convnrsign is
‘ atta1n°d through a word placpd on a single input-output oort

(Fig. 2:3)., The three lowest bits - of this word select the

: X input at the multiplexor {! for conversinn, Bit 3'nf the
control word ‘;asses to the multiplexnr M2 where it is used
as a switch control for possible use of the compréssion
amplifier., Bit 4 is useddko'activate the signal generator tn

,\
give the beep cues to the speaker and thus delineate the

G A TN
el S~

T T

' speech window. It may aAalso be used in calibration and

ax

testing as the signal generator output contains frequencies

in each of the filter passbands. The only remaining oytput

e SR NI, e,

port hit which is used. is bit ® which disables ‘the

o~

.
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multiplexor M1 when .the lowest three

its/ are changed. The
input ‘port provides the results of the analog to digital
convérsion in bits 0 to 5 (Fig. 2.4),. Bit 5 is not used and
is always zero and bit 7esign1f;es the completién of the

analog to digital conversion when the convarsion counter is

stopped.“

o

Sa




Fig. 2.4 t Input Port
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Fig. 2.3 &t Output Port T o 4)

Bit ‘ , ‘
05  6-bit analog to digital |
conversion output

-6 n;t‘used

7 converter status




N ) CHAPTER IIT

-

THE RECOGNI TION PROCEDURE

The speech recognition program is written in 280

assembly language (Appendix A), It occupiep approximately
4

PR

25K bytes .of mémory space and uses Zilog cbde'mnemonics.
producing equivalen% maching laﬁguage code in approximately
7K‘bytes. The main ‘program (Fig. 3.!) primarily directs the o
two basic stages of "the fecognition system.‘The first is
termed the training 'mode (Fig. 3.2) which is primarily
concerned with the construction of a working roabblary.
Falléwing this is the performénce mode (Fig. 3.7) in which T

. the target word 1is matched to elements of the vocabulary, -

S‘ the best comparison determining the recognjtion decision.

Y2

. \ , ' . ' .
3.1 TRAINING ‘ 5 . . 7

3.1.1 Raw speech collectio§;? | °
When the trainjnd mode has been ente;eq. the'speaker\

twpes the identification of the word he intends to say and
gives the corresponding vocal input at a microphone over a
standard time interval. Spee?h collection is initiated by
prompting the speaker with.a 10 ms beep signalling the

' fQéginning of the gpeech window and a second beep 1.5 sec
later marks 1ts. end. During this' period 150 samples aré

taken every 10 ms, storing . consecutive measures from the

14




P LTt
Figs 3.1t Algorithm of Main’ Program

(Determin@tion of mode/utility sélection) Get input

" character into A regq.

If A neg‘ = control B then output vocabulgry and go
to step 1.

p .~
If A reg = control'C then go to monitor.

, If- A reg = control Q then complement the outout

device flag and go to step 1.
If A reg'= T/ then call TRAIN and go to step 1.

5.
6. If A reg = 7P’ then call PERF,
.7. Go to step !.




8. -

9.

10,

12,

15.

"6.

17,

1 8.

i M v 3.8
e ey TR ren S - e TSI TR

T e——

¢

Fig. 3.2 t Algorithm of the Training Mode

[nitialize t’rainir&sums.

Get word identific;tion. .save in  WORD  and
initialize training sums. |

output word count. o A
qulect ‘raw speech data (SPCH routine),

Find endpoints (ENDP'fS routina), Establish
be‘ginning an’d ending samples, word length, stoo

containmen zero crossings detection with low

formant data anq output these resunlts,
Get endings information ((INFLLD routine), Test
corresponding bits “in  first two data ‘s‘amples
against threshola 4 and also with‘ the last two data,
samples. Load INFOWD bits as in Fig. 3.4.
Get 16 samples from ‘raw speech hutfer (GETSAM
routine). Divide  length of word hy 16,
Intex;polating “data and load "i.nto sample huffer. '
Compute mean .f'ormant data and normalize samol‘e“ : :
huffer,
Input reject decision charécter. If /R’ go to step -
0. | ' |
Print word report if request®d.from main program.
Collect cumulative statistics (SIAT  routine).
Upda'tes,bandn '.,,sums. INFOWD sums vector, length srm

-

and stop sum, ‘ #

Incrément‘word count and compare' to word limit, If

-

s —————
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threexfilters ané,'the'ZCD realized as integers ranging from
0 “to 63 reéulfing from the 6-bit agalog to digital
conversion. The BOO data elements extracted in this way are
stored in a raw speech buffer. called BUF for9subsequent

»

analysis. .
v v

3.1.2 Analysis of the speech data’ - .

The word boundaries are located following the éndpoint

algorithm of Rabiner and Sambur=(7). Ahen the sum of the

N
rd
s < ™ 5 e % %t S S e b A Al B

formant data for a sample exceeds q;thfeshold of 5 tﬁfg is | &
taken as the word beginning, provided that the ZCD data is -
also above 1ts threshold value of 1. If the latter ig above
its threshold the beginning point is lowerad to an earlier

sample with a level below its threshold. A similar'technique

with movement in the opposite direétion finds the end of the
word; A check .is made on thé validity of this endpoint by
examining the . following éS samples as fhis may be a period
of silence  resulting from a stop consonant within the word.:
'If the thréshold is again exceeded the endpoint is re jected
and a {urther examination~is made- from this point.

»

The Wifference between the endpoints gives the length

e

of the word which 1s separated into 16 evenly spaced

N intervals by division to obtain 16 representative sets of;

samples. Linear interpolation is used to combute parameters
correspondlng‘to the filter bank and ZCD outputs for each

sample set. Dﬁ formant amplitudes of the selected samples

. - . .

Al
3
i
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17
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. ‘ ° A > \
& ., . hot zero go to step 1Q. N N
19. Calculate me an of all corresponding datj\V\CALC
routine). Load INF()WD and ST()PWD vector el~ament';Q .
} 20. L.oad sample buffer 1into vocabulary table (MOVE “
l routine). ’ .
! .21+ Output word data report (REP routine).
L '
‘ 22, Return to main program. ,
- ‘ . - (}
. . . ’ ®
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- 16X 4 array giving the 64 byte sample buffer SAM. -

B SO

19 :

- ) | ‘ .
are normalized by translation and.each set ré stored in a

-

ey
! 1

Bl

'3.1°.3 Collection of the word characteristics

© ~

14

®
< i

As\ shown 'ih Fig. 3.1 and Fig. 3:2, two bytes are used
té store information about each spoken wor&. One is gailed
the SIZE byte (Fig. 3.3) and contains the length'ofrthe word
in bits O to 6 and bit 7 is used to mark the containmént of
a §top. This bit y§ set t6 O or I indicating the dbsence or
presence respectively of.a stop. ) .

The INFOQ byté; (Fig. 3.4) is loaded according to the
beginning and ending cRaracteristics of the word. The first
aand last two sets of samples 1iIn the raw speech buffer are
aexamined to. determine whethef aither of the cérresponding
formant andt ZCD samples at each.end of:the word exceeds a

threshold of 4.. The lower four bits portray the beginning
and thg higher four bits the ending of the word.

4

i

5.1.4 V0cabu1afy formation

S

. The data ?hus' obtained . 1s sufficient for the
de?elopnent of a vocabular; based oﬁ a single word tralning;.

. but heré successive samples (usually 10) are used.. gach
sample set being added to cumulatiQe 'sum storaqges for eéch

data item. The mean of eac¢h is finally derived and loaded
1 N .

into the TABLE artay which is of siie n X 64 where n is thé

} ! s

o
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é ' Fig. 3.3 ¢t The SIZE Byte
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size éf tbe vocabulary and 64 is the size of the sample

4

buffer SAM. The most commonly.used vocabulary employs the 35
{

alphanumeric samples‘ which are linked to the %IZE and INFO

"vectors (Fig. 3.5). An alternate vocabulary of the same ,s5ize

utilizing the words of the International Civil Aviation

Organization phonetic alphabet, vyields the SIZE and INFQ
\ ¢
vectors shown' in Fig. 3.6.

1
!

'3.2.1 Target word da}a
1 .

i

The raw speech -entered in the operformance mode

(Fig. 3.7) is éollected as in the training mode ‘:and its

analysis is performed in the same way, including the use of

the same buffers. The characteristics of the .target word aré
also derived similarly and they are stored -in two hytes
cal led S TOPWD which 1is similar to the SIZE vector elements

and INFOWD which is similar to the INFO vector elements.,
3.2.2 Qualification testing

Each éiement of the vochbulary obtained in the training
procedure {s tested to determine whether it shares minimal
characteristics with thét of the target word. Parahetefs are

set so. that the informational vocabulary.staorage may be used

to test whether the vocabulary element qualifiés‘for‘furtﬁér

1




testing against the target word. .
If the target word has a stop marked then only the
vocabulary elements markéd simplarly will qualify for -
further comparison. Limits are placed upon the yord léngth
so that comparisons which exceed # 253% of the target word -
length are eliminated. The beginning, and ending information
bytes stored 'for the femaining words in the vqcabulary are
used to ’Hperform an exclusive-OR operatipn with the
” correspondiﬁg tArget word information. Those vocabulary
words with“ lgss than 6 out of 8 of the corresoondiﬁg bits
dissimilar are éxcluded.l Though the original vocabulary is N
still available, these itests ’proAuce a smaller, relevant

vocabulary for each target word. ~

3.2.3 Vocabulary combar;son

The filter and ZCD data for tﬁe target word can now bhe
used'td \compare with similar data for each of the elements
of  the relevant vocabulary. A minimum = distance
classificatjén 1s performed between corresponding bytes of
‘'the target word and each of the relevant vocagulary words.
.Ihis 1is done by storing, absolute, Adifferences of each
byte—pair.in an n-element SUMS vector which is finally useﬁ
to determine its minimum value entry. The position of this -
value is the key to the row number of the vocabulary TABLE"
and this can‘be interpreted for display as the result of the

recognition. The SUMS vector may be output optionally to N
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058 INFO
029 INEN
025 INFO
034 INFQ
040 INF0
057 INFO
063 INFQ
052 [NFO
051 INFO
040 INF(
047 INFO
050 INF0O

LENGTH
LENG TH -
LENGTH
LENG ™
LENGTH
LENGTH
LENG ™
LENGTH
LENGTH
LENGH
_LENGTH
LENGTH
LENG H
LENGTH
LENG ™
LENGTH
LENG
LENGTH
LENG ™
LENG H
LENG TH
LENG ™
LENGTH
LENGH
LENGTH
LENG TH
LENGTH
LENGTH'
LENG ™
LENG T
LENGTH
LENGH
LENG ™
LENG'H
LENGTH
LENG ™
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N<XE<CHUVNTO U ZETrAG~ITQTMOOWI> OO~NOUAWN—O

O (A (N T (O O O O O I I T I T TR O 1 O 1 1

-

»

T TR T T VO IV I O

non

(LN O T N N [T (N | ! A ¢ AN DO T 1 B O 1 B T I |

— e e m B e () — e —

2C

S TOP

STOP
STOP

STOP

S TOP

STOP

STOP :
STOP 7
STOP :
STOP

STP « -

STuP
STOP
STop

STOP
STOP

STOP
SToP

SToP
SToP

STOP

STOP

STop
STOP

STOP

Information Storage
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O LENGTH = 081 INFO = 14 STOP
. I LENGTH = 029 INFQ = 11 :
* 2 LENGTH = 025 INFO = 1F STOP
v 3 LENGTH = 034 INFO = 13 STOP
A& LENGTH = 045 INFO = 18 STOP
5 LENGTH = 067 INFO = 17 STOP \
6 LENGTH = 063 INFO = 8C STOP :
, 7 LENGTH = 034 INFO = '3C.
- 8 LENGTH = 078 INFO = 47 STOP
9 LENGTH->= 033 INFO = 17 . . . i
A LENGTH = 046 INFO = 17 STOP ) ° :;f
B LENGTH = 050 INFO = 13 STOP .. C g
C LENGTH. = 040 INFO = 1IC
D LENGTH = 062 INFO = 17 STOP
E LENGTH = 045 INFO = 17.STOP
o F LENGTH = 075 INFO = C3 STOP 5
G LENGTH = 024 INFO = IF STOP ]
H LENGTH = 067 INFO = 13 STOP :
I LENGTH = 049 INFO = 4F STOP .
J LENGTH = 063 INFO = 4E STOP %
K LENGTH ="042. INFO = IF STOP . g
"L LENGTH = 037 INFO = 15 STOP %
, M LENGTH = 046 INFO) = 23 STOP a
- N LENGTH = 059 INFO = 17 STOP o i
O LENGTH = 045 INFO = 11 STop Y -
P LENGTH = 038 INFO = 11'STOP ' i
Q LENGTH = 04l INFO = 23 STOP ,
‘R LENGTH = 056 INFO = 11 STOP ) Coe
S LENGTH = 054 INFO = IC STOP . -
T LENGTH = 050 INFO = IF STOP ,
U LENGTH = 048 INFO = 13 STOP ' 13
V LENGTH =051 INFO = 17 STOP : 3
W LENGIH = 035 INF) = 41 STOP '
' X LENGTH = 055 INF0.= 27 STP
o Y LENGTH.= 046 INFQ = 47 STOP
" - P . Z LENGTH = 039 INFO = 1C STOP

Fig. 3.6 8'36-—W_6rd I.C.A._(). Vocabulary Informatio Storage

v

%
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. Fig..3.7 ¢+ Algorithm of the Performance Mode

23. (#ollect raw spe;ach data (SPCH routine).

24. FlTind ~ endpoints : ( ENDPTS routine),. Establiéh ’
beginning and ending samples, word length, stop
"containment, zero crossings detection wifh lows
formant data and output these results. Q

25 . Get endings Information C(INFLD "“routine). Test
corresponding bits in' first two data samples:
against. threshold 4 and also ;vith the last two data
éamples . Load INFOWD bits~as in Fig. 3.4,

26 . Compa;'e target word wi th vocabu'lary storage (MATCH

" routine). Initiélize SUMS vector, then blank each
SUMS value if the corr::;sponding vocabulary does not . s
"have a) the same s'gpp value or b) a length within
#25% or ¢) efdings information above a threshold
w hen ea;h "is compared to the target word . SUMS
defines -the're levant vocab‘glary, h

\ 27, Get 16 samples from raw speech buffer (GETSAM

- .' ‘}%outine). Divide length of word by 148, interpdlate | ' J

data and - load 1into sample buffer. Compute mean

formant data and normalize sample buffer.

28; Calculgte absolute differgnces between targei:'woi“d\
and r e\jént .vocabulary (CHEBY routine). Load these
differences into corresponding SUMS eiements. Find.
the position of the smallest value in SWS and load

into the A register.

o
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£
29 . Output recognized word character
30.. Qutput re levant SUMS vector
31. Return to main program.
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L]
o
- - - .
/\‘
A : ’ '
\ X /
\ ) ' &~

N

e s




-

ks b d

* ‘ ' i

\
- CHAPTER v %
. THE SYSTEM EVALUATION

4.1 THE BASIE 10-WORD VOCABULARY

The digits . O _to 9 were used "as words of the initial
basic vocabulary as they enabled wcomieniently displa'yed
rgsults. .'Ihé training mode was requested nand.a .digit was
entered from the keyboard followed by the spoken word during

the spsech window, The vocahulary was completed by providing

the other digit words sim.ilarly, with a singie input df\or"

v

each wo_rgi. -

The vocabulary was tested 1n',perf-ormance mode by
speaking eéch word and noting the frequency of confusic;n
with other words. If the errors were large then the word was
cons,idéred a poor sample and was reolaced in the training

mode with a substituted word, The vocabulary was re~tester

with further replacements made as necessary. It should be

noted that the empirical construction of a vécahulary in

4
this way is time comsuming.

When the vocabulary was finalized, it may he added that
the speaker\ also was well=-practised, and the testing was
started by speaking each word in performance mode and

r;ecording the 'system response. FEach word was spoken 50

times, enabling the construction of the confusion matrix

Ay

(Fig. 4.1) and the Aerivation of -the reéognition rate of

95.4%,

o

28
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: JUTPUT ’
. = O 1234567 8'9

INPUT .

1ERRORS

B b e Ll
no

S 2
o 21 3 >
- o
TR 3 ' ‘2 2
. ) : 4 2 2 '
I 5 2 2 3
f 6 o 1 2
; 7 2 2
§ ) 8 ! 2 3 i -
% o 2 7 111 | 5
ERRGAS [0 4220 740 4 0f 23
Fig. 4.1 IO'-Word Vocabulary Confusion Matrix
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This rate 1is at a sufficiently hiqh. level that the

.relatively few errors do not i1llustrate signi ficant

confusions, although some acoustic simi larities may be seen,
The 4 and the S words, for example, start with an unvoiced
fricative and the 1| and 9 words end with a nasal consonant
and a vowel.
442 THE EXTENDED 36-HORD ALPHAN UMERIC VOCABULARY

The vocabulary was increased to 36 words us.ing the 10
digit words as before aﬁd the literal words A to Z, with
each word being a standard pronunciation of the albhanumeric
charactere ©

The  three extensions wused here iIncorporate the
mul tiple—-input training mode and‘ the parémeters of the
length and the information collected on =2ach word. During
the training mode ?;he speaker types the word identification
and gives the first sample, He-is given tt)eh opportunity to
re ject that word and he is prompted f/or another word. He is.
informed of the length of the word and the info}‘matie';n it‘:
carried and also whether there was a zero crqgsir;g de"c\ection

or a stop found (Fig. 4 .2). When all sAamplas are given, the

~"c.omputed word data and information are entered into the

vocabulary and vocabulary in fomation storage and the
information entry iks“ Also displayed. In At‘his procadure the .~
speaker monitors his speech and 1is moti vated to work to the

rel1iable repetition of the system vocabulary. -




fhe feedhack of inform;tion ﬁo the speaker contrasts tn
the earlier basic system which lacksd this facility. The
presentation of regults is éontinued in the performance
pqde, where similar . detalls are disolayed with the
recognition reﬁult and data sums from . the relevant
Vocabulary (Fig. 4.39, The confusion matrix (Fig. 4.4) was
made usihg 25 samples of each word.\lhell46 errors recorééd
cqrresd%nd to a {écognition rate of 83.8%.

»The recognition 1is maintainéd‘at this level by the
extensions to the recognition procedure, since the expansion
of f%e'original lo-word vocabuiary to 16 words resiilted in 3
rate of approximately 70%. The 6 extra wor-s corresponded to
the letters A to F and fhis hexadecimal vocabul ary prddutej
confusions between the words tﬁrresponding to B, C, D, € and
3 which conéain' the /;/ sotind. The alphanumeric vocabulary
has this sound in words G, P, T and V also and although
confusions of this type still exist there is a greater
discrimination between words with similar sounds. Other
confusions can be noted, 'such as the words 8 and W
contgining the /e/ vowel and”é and Q which contain the /u('
vowel .

Examination of the .recognition table shows some errors

arising through mismatch of words on the basis of the '

-~

]

containment of a stop. There are 22 siuch érrors which~may

~

arise througﬁ variations in pronunciatinn. I[f.the stop

requirement was less stringent some errors would be
- . T8

) eliminatedS, but this would be offset 2y the increase”in the

- A s
<

7
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. WORD | . - .
LENGH = 25 INFO = IF STOP

REJECT (R)? A ) .

W()RD 2 . E 4 &%
LENGTH = 25 INFO ="IF S0P

REJECT (R)?

WORD 3

LENGH

i
n

27 INFO = 1E STOP

i

LENGTH IF S0P %"

25 INFO
T OR P :

- W

Fig, 4.2 t Training Mode Display

a .
T ORP? r,r)
P 3 \ ‘
5 ZCD
8 ZCD

002 037 LENGH = 36 INFO = IC

RECOGNIZED 7. ' o
7 0l286 . .
» C 02673 - :
TORP? . |
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Fig..4.3 t Performance Mode Disolay
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? : INPUT ’
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v 2 ’ | : '.I 2 ,
.4 « 211 4 :
5 ! ! 2 !
. 6 2 2 i
T | ]
X 8 1 3 ' 2 5
é 9 2 | 2 5
: A 2 51 7 :
; B . | 2 P30
A\ C 4 4 | ]
D ’ 3 P30 4
: ‘E I l 4 ;
- F : 2 2 4 3
] ‘ G* roo23 I 6
¥ N H | 2 2 3 8
f I . 2 | 2 1 6
J 1 |
K l I \ 21 5
‘ L . . 3 1 -4
M | 1 3l 2 7
N . | 4 5
o 0 2 | 31 5
P 4 2 1 7
> v Q | ' 1 2 4
. R . 4 ‘ 4 1
{ S 11 2
! T . 3 ] | 5
U v 3 1o 5
: V. 2 4 ] 7
W - 2 ! 2
D 4 ) 1.2 3 6
" Y ! ! 2
bz 2 3
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relevant Vocgbulary which would pr‘ombte other errors.
Kl

4.3 THE EXTENDED 36-WORD I1.C.A.0. VOCABULARY, - «

The selection of the alphanumeric vocabulary was baserj
on convenience in Idisplaying resulté rather thar; on
distinctive ’gounds’.' Th;e later at::ribute i§ oURd in  the
International Civil Aviation Oganization phonetic alphabet
(Appendix B) used in communications betwee_n pilots and

controllers, and these words were substituted for a rﬁore

representative test.

-~

The digit words were used, but three were modified for

greater distinction- with the 1I.C.A.0. vocabulary. O was

changed to zeros®, 8 was changed to "eighty-eight" and 9

was truncated to "nie®. The training and testing was

s \ .
performed as with the alphanumeric vocabulary, taking 900

equally distributed samples. Q,{he_ confusion 'matrix
> 4

(Fig. 4.5) shows 83 errors corresoondi_nd to a recognition

rate\ of 90.8%.

‘

The 7% improvement over the alphanumeric recognition

. rate does not adequétely reflect the practical advantage of )

this vocabulary 1in respect of the reduced . testing and
bractice t'ime' {involved and tbe incredAsed reliability (it

offers. The- established- sound patterns and the distinctive

pronunciation of th'iy vocabulary greatly promote a mo:re

v

constant repetition of these 'words. The errors noted in the
recognition table appear ,(to be more random than with the

previous vocabularies throtigh ’ the more .complex composi tgon

b
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UUIPUT

INPUT

0123456 789ABCDEFGHI JKLMNOPNRSTUVHWXYZ

ERROR

0 0
1 0
2 | | | 3
3 1 ' 3 4
4 | ! 2
5 ) | 2
6 1 | 2
7 | |
8 - 1 ] 1 3
9 ] |
AC [ | | '3
B | i i ) ° 3
Cc 1 1
D 11 ! Ct 2
E ] ] 2
F | ] 1 3
G .| 21 , ) 3
H O . : N I
I 1 2 3
J - 11 ! 3
K | ! 1 ) 3
L ! ) 2 3
M 1 1 2 4
N “ | .
0 | | d
p 2| 3
Q ) 0
R | 1
S 2 ! 3
T { 1 2 4
U i 2 ] 4
% 1 2 ' 3
W 1 2 4
X 1 | 2
Y ? 1- 1 2
z H 2
ERR{ORS 2334%!!22424202!11223304442522260142 83
‘ .
Fig. 4.5 s 36-Word [.C.A.0. Vocabulary
Confusion Matrix
. ¢
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of sounds in these words.

A} i

The preponderance of stops in the [.C.A. 0. alphabet

. reduces the power of the stoﬁ regirement as Aa discriminative

factor. The vocabulary inforgation storage (Fig. 3.4) shows
there. are only. four words' without an embéddded stop.’
Although this makes the words "one", "seven", '"nie" and
"charlieé among the) most easily recogni zed, it would be
preferable if half® of the roabulary‘ was of each tyoe in

order to start the ?ecognition process‘with a Eingle.level

\
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CHAPTER V ,
THE SYSTEM IN APPLICA TION
5.1 DEVELOPMENT®

The vocabulary uséd initially was of 10 words, those
being the digits 0 to 9. This small vocabulary was useful
for the early expefimental work and investigations into the
poteﬁtial’of the system and wés useful in the provision of a
conveniently displayed result, The e*panéion\ of the
vocabulary to Iq enabled the recognition of the words
corresponding to the hexadecimal digits.'Nhen ;atisfactory
recognition of this vocabulary was attained,though with a
much reduced recogni tion rate,/a‘model was made of the vocal
input ’of mgchine language pfograms as r¥ported by Webb,
Menon and Suen (8). The execution was successful, bt it was
not efficient as it required two spoken words to form one
byte. 1Ihe spoken hexadecimél digits were loaded into a
feserved area of memory under the speaker’s control.

As a variation, non-hexadecimal words were spoken after
the épeaker typed the charaéters which form the word and
these were loaded into a written vocabulary linkedAto'the'
TABLE vocabula}y which, as before, wés of 16-word sizeJ~The
written word was displayed as the }epognition decision. This

system did- not wuse any of the modifications 1incorporated

into the subsequent .expanded system and still used single

1




training samples.

The | last vocahulary expansion was made to 36,
accomodating all ‘the alphanumeric characters, while refining

the procedure in order to maintain the performanEe. The use
of the characteristics ‘of each word have been important in
the development of this recognition procedure, though the
method of data collection used §rovides a valuable
"supporting role. In the %raining mode, the primary interest
is in the provision of,datg samples and the cénstrnctign of
tqi vocabulary, but using multiple inputs for each word the
s;eaker himself is undergoing an appreciable measure of
self-training. Not‘ only 1is he learning to repeat his words
in the séme way and so improving the statistical reliability
of the data, but he is a controlling participator in its
collection. He is able to see the display of tﬁe
informational éspects .of the Qord he has spoken.and tn
reject it 1if he <chooses. Consequently he 1is learning to
reproducg previous sounds. The knowledge of results §93 i;
an important facet of learning and 1is an imporfant
contributing factor to the spéaker’s ;%provement.

The use of tﬁe\I.C.A.d. vocabulary illustrates, through
the improved- recognition rate, the importange of.a greater
variety of sounds., Ihé methods used. with this vocabulary
were identical to those used with tﬁe 36—wora alphanumqfic
-vocapulary. The greater variety of sounds i@ contains is

beneficfal td the speaker, since it makes Bis task more

interesting, and to the system as therelis a greater

e e A F Ak & T
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distribution of word lengths wHich aid discrimination“;h the
length qualification test. This advantage is partly
countered by the ylarge number of‘contained stops which
reduce the effectiveness of this factor.

The contribution of the features of the word in the
reqodnition pfocess. using stobs.llengths agﬂ endings is
illustrated by the data from an output display (Fig. 5.1) in

performance mode. The so?ken word "five! is correctly

%ecognized with 10 Chebychev. sums output. The presence of .

the stop in the target word resulted in a: relevant
- vocabulary of 20 words, and the length test eliminated a
further 9 words. When the endings test is ysed with a
exclusion based on less than 4 dissimilar correspon
bits, one extra word was removed giving a 10-word pelevant
vocabulary. To illustrate the ’effectiQeness
stringent requirement of endings informatiop”similarity, the

‘criterion was changed to less an 7 dissimilar

corresponding bits. The program was r
raw speech  buffer contents, iving another correct
reéognition Sut only 3 sums were [ output (Fig. 5.2). The
words "R", 6 and "8% ‘whjch were anked second and third
respectively in Fig. 5.1 were eliminated, making a gfeater
distance between the Eirst two words wh}ch can be considered
as an indication of this being

recoghiiion. Normally a criterion of less than 6 dissimilar

corresponding bits is used.

L 4

again using|the same’

stronger or clearer:

R ST S

{
i
l
7
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LENGTH=57 INFO=1{B STUP ' o J
RECOGNIZED S : ‘
2568

1263

2988

1803

2240

1939

2259

1424

2669

XTZ T O

Output Sums with Information Threshold of 4

LENGTH=57 INF0O=1B STUP
RECOGNIZED 5

5 1263

L 1939

N 2259

Fig. 5.2 ¢ Output Sums with Information Threshold of 7 <§
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5.2 POTENTIAL
/

The word characteristics of length, stop and endings
information which is primarily collected to improve

recognition, become an 1important feedback to the speaker

]

through their display. This secondary effect is an important
one since it capitalizes pﬁ the interactive agpect of the
system, stimulates the speaker and encourages him to
maximize his performance. YThis aspect has heen utilized in
the use of the basic system‘as a speech therapy aid by Joost

and Petry (1Q),

The value of the characteristics of ‘the speech word in

L]

the formation of the small, relevant vocabulary greatly

enhances the recognition process. This can be compareduto_

the use by Cherry (I11) to informatién. in referring fo the
content of information 1in the making of selections in
communicative processes. The importance of the ward endings
hés been noted, which raises a doubt as to relative value of
the intermediate samples. The referénce and Aiscussion of
rédundancy by Shannon and We;vef (12) suggests a further
investigation by col}écting fewer samples, while retaining
the word characteristics, to evaluate their worth.

N

Since the speech board 1is founded as an educational
<€

tool, it forms with its microcomputetr host an excellent aid

for intfoductory speech 1investigation. Te microcomputer

adds a powerful dimension to laboratory research by offering
4

‘hands-on’ capability with an on-line system and brings the

S AR o e il
s R ¥
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0141

0154
(Y
0164
Q16D
Q170
0171

0172
0175
0176
0178

017
017

0t80

101433

8138

018A
018D
0190
0193
0196
ol 99
019C

" 0l9F

01A2
0l1AS
0tA8
O1AA
01AC
QlAF
otB2
\0IB5
0186
0189
0IBC
018D
0183F
01C2

01CS:

0iCé
olcs
olcs
0ICE
010!
01D2
0103
01D6
0108
0109

3128
o10C
010E
OlEl

.CD C5

21 80
CD Al
CD 45
32 AF

A AC
g C3

& ¢

2! 80

aé 13
CcD 38
CD C5
CD 20
CD A2
CD Al
CD 94

cD A3

FE 52
28 Dt
cQ 18
CD F3
JA 73

32 73
21 74
20 8E
3A AF
16 40
CD SA

I 54
Ch 10

04
15
04
05
08

08

08
08

04
08
05

0l

B

46

0055
0056
0057

0059
60
Q061
0062
0063
n064
0065

8829 Ris

0068 ¢
0069

8879

0072
0073
0074
no7S
M76
o717
0078
0079 1
00ao
008!

~ 0082

0083
0084

. 0085

0086
0087
0088
008e
0090 !
009!
0092
0093

- 0094

0095
0096
0097
0098
0099
o100
otat

0102

0103 MOVE:

0!0‘ /
8183
QIQ7

oto8
o109

?

CALL CRLF .

LD HL.MESS2 3
CALL WRITE .,
CALL nWORDID ~ ¢
LD {WORD),A @
INC A H
LD B,A o
LD A,(VOCSI2)
cP B

JR C HHAT 1

LD 4,0

R GRERO -4
LD HL,MESS2 1
CALL #RITE

&HC k,(WURDC)

CALL BCDA i

CALL CRLF

CALL SPCH 1
CALL ENDPTS
CALL " INFLD t
CALL GETSAM i
CALL CRLF

LD  HL,MESS6
CALL WRITE

CALL INC

cp *R¢

JR Z, TR

CALL PREP

CALL STAI :
LD A, (WORDC) 1
INC A X
LD - (WORDC),A
LD HL.#0ROL

cpP (HL)

JR NZ, TRI R
CALL CALC 1
LD A (WORD) ¢
LD C,A

LD D,64 - 1
GALL MULT t
LD DE, TABLE ¢
CALL ADD2 '
LD 13

LD E,C

LD HL,SAM

LD 8,64

LD A, (HL) ’
?DS (DE),A
DJNZ MUVE

CALL LUAD 1
CALL REP 1

AORD ?

GET WORD ID
SAVE WORD
WITHIN VOCABULARY ?

"To0 LARGE

ZERO AORD COUNT
WORD

b

PRINT WORD COUNT

GET SPEECH

FIND ENDPOINTS
LOAD INFQ WORD™ .
GET 16 SAMPLES

REJECT (R)?

CHOLLECT STATISTICS
CHECKX WORD COUNT

>

CALC 4EAN STATS
LUAD TRAIN SAMPLES

ROW SIZE

COMPUTE ROW

IABLE POIN TER

FORM ROW ADDRESS |

LOAD TABLE

LUAD SIZE/INFO DATA
PRINT WORD REPORT

1




TN e T s oy e

]

0100

0100

0110

0120

0100

0100

0100 CD C5 04

0103 21 T 1

0106 €D 4

0109 €D 6§L°5

0I0C FE O

QI10E CA 00 20

0t Fg 92

0113 CC 5D 02

0116 28 E8

o118 Fe 11

QliA 20 07

01IC 3A 75 15

OHF 2F

0120 32 715 15

0123 FEt 54

0125 20 o8

0127 32 AD 08

Cl12A CD 5A 0Ol

ol2b 18 DI

0I2E FE 50

0131 ,20 08

0133 32 AD 08

0136 CD 42 01

0139, 18 C5

0138 3E 3F -

0130+ CO 07 04

0140 ™3 BE

94. ™
14 Y

]

. 0142 s

0142 CD C5 04
0145, CO 32 22

143 £3
143 B cs 04

T 014C 21 AD IS

014F CD A3 04
0152 FI

0153 CD F8 04
0156 CD 5F 07°
01590 9

0I5A

015A

0154

0I3A F5

0158 C5

‘015C 05

015D E5

0ISE CD D5 07

- onibe vy s
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APPENDIX A

0001
Qogz

3
0bos
0005
0006
0007
0008
0009
0010
0011
0012
00t 3
0014
0015
0016
0017
0018
0019
020
0021
0022
0023

0024

0025
0026
0027
0028
0029

2030
0031

0032
0033

34

35
0036
na37
0038

Q39
0040

0041

0042
0043
0044
0045
0046
0047
0048
0049
0050
0051

0052
0053
0054

PROGRAM LIS TING

]

i

\ )

e

i N

i .

STRTs CALL CALF
LD HL,MESSI
CALL WRIIE
CALL .INC
Ccp 03H
JP Z,2D00H
P O02H

CALL Z,VOCREP
JR Z,START

cp 1H
JR . NZ,ST

) LD A, (DEVICE
CPL

L0 (Device) .A

ST cP ‘T’

JR < NZ,5T2
[ 0] (M4ODE) ,A
CALL TRAIN
JR START
STt cp rpe
JR NZ AHAT
LD (MODE) ,A
CALL PERF
. JR STRT
HHAT: LD A7 17
CALL WUTC
JR . START

: .
+ PERFORMANCE YOOE RUUTINE '

$

PERF:  CALL CRLF
CALL SPEECH
>3]
STy
LD  4L,4ESS3
CALL WRITE
PUP AF
CALL . OUTWD
CALL SWMOUT
RET

' g
3 TRAINING MODE ROUTINE

)

TRAINT PUSH AF
PUSH BC!
PUSH CE
PUSH HL
CALL <ZERO

it TORP?

§ GET RESPONSE
i STX TO HWONITOR

i STX PRINTS VOCA3

+ DC1 CHANGES JeVICE
) .

e AN ST P I = A T b R e o S oS

i TRAIN ?
t STORE 77 AODE

k4

i PERFORY ? )
+ STORE ’P’ MODE s

! RESPONSE ERROR

3 OET RAW SPEECY.,
i
1 RECUGNIZED

‘A

3 PRINT NORD IN ASCII
t PRINT SUMS TA3LZ

*3 INITIALIZE ALL SWIS
\ .
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3

, 0463 (D 0495 DEC ¢
: 0464 28 08 0496 JR Z,MULT2
0446 78 0497 LD ' A,B
g. 0467 30 0! 0498 JR  NC,MULT
¢ 049 82 0499 .. ADD D
§ 046A IF 0500 WULTIt RRA
: 0468 47 0501 ‘LD B,A
i 046C 18 F2 0502 JR  MILTO
. 046E DI 0503 NULT2t POP DE
: 046F FI 0504 POP AF
. 0470 C9 0505 | RET
0471 0506 ¢
0471 ‘ .- 0507 1 OIVIDE (B,C)/D GIVES CsQUOTIENT, 8=REMAINDER
0471 0508 :
0471 F5 0509 DIV: PUSH AF
0472 D5 0510 PUSH DE
‘ 0473 1E 09 - 054 1 LD E9
: 0475 78 0512 LD A,8
; 0476 47 0513 DIVO* LD. B,A
: 0417 79 051 a LD AC
i 0478 _ 17 0515 RLA
: 0479 ~ 4F 0516 LD C4A
3 0474 1D 517 . DEC %‘!
- 0478 28 0D 0518 JR  I,0Iv2
; © Q40 78 0519 LD ' A,B (
i 0476 17 . 0520 RLA
i ) : 047F 3003 0521 JR  NC,DIVI ~
| , 0481 92 0522 SUB O N
i . 0482 18 F2 - 0523 JR pIvo
N 0484 92 0524 DIVIi:+ SUB .D
0485 30 EF 0525 JR  NC,DIVO
0487 82 . 0526 _ ADD D
0488 18 E£C 0527 JR  OIVO
0480 17 0528 DIV2:T RLA ‘
0488 SF 0529 LD  EA . \
048C 3E FF 0530 LD A,0FFH
048E A9 0531 XOR C
048F 4F 0532 LD CaA-
0490 7B 0533 LD AE _
0491 1IE 0534 . RRA
\ 0492 DI 23 DIVis, POP O t ROUND QUOTIEN T
M B - g6 RH
R 38 fRe oo :
] 48 S8 B §etp DIver pES 148 :
‘ 049C BA 0542 cP D \ |
: 049D 38 0O} 0543 JR C,00NE
‘ i 8F §248 poner B85 Gc RN
0dAl Fi 0546 ‘ POP  AF
04A2 Q9 ‘ 0547 RET '
04A3 ' 0548
. ‘ 04A3 ) 0549 & WRITE MESSAGE®
Hd 1
{ a
i
. * \ \
\ , »
24
‘, 3 -
' \ ‘. !
TR ALY
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'

FUIT LT sttt vt v e

i BUFRER ADDRESS
t 150 SAMPLES

e

8 GET 4 DATA SETS
# STORE DATA

-

t INTER-SAMPLE OgLAY

i RESET SPEECH BOARD

t CLEAR RESET BIT
i START CONVERSION

.4 A/D CONVERTER STATUS

F

0417 49 4/40 CALL DELAY

041A 21 FC Bul LD HL ,BUF

04ID IE 96 0442 Ld E,150

04IF 16 00 0443 LoOP: LD 0,0 .

0421 TA 0444 LooPOr 1D A,D

0422 FE 04 0445 cp 4

0424 28 0B 0446 JR 2.l

0426 €D A 0447 CALL SAMPL

0429 77 0448 LD (HL) A

042A 23 Q449 ING HL

0428 14 Q450 INC D

042¢ 18 F1’ 0451 JR LowPo

042E 3E OA 0452 L1 LD A, 10

0430 (D 49 0453 CA Y

0433 1D 0453 osg' gm

0434 20 £9 0455 JR NZ,Lonp

0438 €D 55 0456 CALL BEEP

84 ©« 8424 . - RET ﬁ
043A 0459 1 COLLECT SAMPLE, FRUM SPEECH BOARD
043A , 0460 1§ .

. Q434 F6 20 0461 SAMPL: OR 020H
043C D3 AF 0462 OUT  OAFH,.A .
043E E6 DF 0463 AND  QOFH
0440 D3 AF 0464 OUT  OAFH,A
0442 DB AF 0465 Spls . IN A, OAFH
Q444 17 0466 . RLA
0445 38 FB - 0467 *JR. C,SPI
0447 IF 0468 RRA
0448 C9 . 04469 RET .

° 0449 0470 . .

0449 0471 1 INTER SAMPLE DELAY TIME
0449 0472 1 . . .
0449 5 0473 DELAYs PUSH BC
044A “FE 00 0474 DELOT  CP 0

°044C 28 QA 0475 JR. Z RE TDEL
Q44E Q6 649 0476 ° LD B, 105
0450 00 0477 DELIt  NOP.

0451 0 0478 NOP

0452 05 0479 DEC B

0453 . 20 FB 0480 - JR  NZ,DELI
0458 3D 0481 DEC A

0456 18 F2 0482 JR DELO
0458 CI 0483 REDEL: POP BC
0859 ©9 0484 RET

045A 0485

* 045A 0486 + NULTIPLY CaD=(B,C)
045A 0487 1 -

0454 F5 0488 MULTt PUSH AF
0458 DS 0489 | PUSH DE
045C 08 N . 0490 LD 8,0
- Q48 1E 09 0491 LD E.9
4 3
3 7 8433 WLTor bR, A
0452 4F 0494 LD C,A
\,
,} .
PRI A~ L
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0388

038
- 03C0

03C2
03C5
03C8
03CB
03¢0
0300
0301
0302
0304
0305
0306
0307
0309
0304
0308
030C
03DF
03El
03E3
Q3€E6
03E7
03EA,

338

03EB
Q3&8

835
83z

03rFé
03r8
03F9;
Q3FA
Q3FC
03FE
Q3FF
04n0
0402
0403
0404
0406
0407
0407
040A
040D
040D
040D
040D

‘040F

0412
0415

21
16

0E~’

3A
cD

11
QE
cD
83

FC

5F -

30
14
79

88’

20
05
51
Cl
CD
06
16
&0
79

32

co

21
16

Qs
Cé
T
15
28
16
23
05
28
23
05

20
ce

Co

C3

3€
cD
co
3E

F4

71
00
03
11

AE

8C

0
4

AE
20

(o1}
03

04

EF

FA-

49
BS
96

08
08
05

05

04

04.

08 -°

o8

08

04
Of

04
04

)

0385 Lo
0386 LD
0387 LD
0388 LD
0389 " CALL
0390 LD
0391 Lo
0392 MD? CALL
0393 ADD
0394 LD
0395 JR
0396 INC
0397 MIt s
0398 cep
0399 JR
0400 PUSH
0401 Lo
0402 POP
0403 CALL
0404 v LD
0405 . LD

. 0406 CALL
0407 LD
0408 LD
0409 .RET
0412 3
0413 NORMs LD
0414 .
0415 B

4

843w s
0418 ADD
0419 LD
0420 DEC
0421 JR
0422 LD
0423 INC
0424 DEC
0425 R
0426 NRM21  INC
0427 DEC
0428 R

0429 NRM3t  RET
0430,/

043) ERRORt CALL
0432 JP
0433

Q434 1 COLLECT RAW
0435 1+ |
0436 SPCH: Lo

0437 CALL
0438 . CALL
0439 Lo

et

Syl e

~

HL,BUF
0,64 1

-C,0

1
AJBPT) 1
ADDR 1
pg,0 1
c,0

SW !

D
-
o

=]
=
<

0,3 -~
DIv C3
A,C

(AVER) 4& 8

8233 { NURMALIZES AMPLITUDE BY

HL,SAM H
'3 t
164 $

( )

?HLQVER :

32 '

(HL) ,A 3

D , }

Z,NRM2 '

0,3

HL

B

Z,NAM3

HL. t

8

NZ ,NRM!

WRITE '

START 1

SPEECH DA 1A

A,250 3

DELAY

BEEP 3

A, 150 B

% AR gt ¢ Syt b

L f

[P

°

RON SI1ZE

ZERO ROW NUMBER
COLUMN TNDEX

GET ADDRESS' TO (HL)
S=0

A= SUM OF BANDS 0 = 2

CHECK FOR END
CONPARE TO LEN
COMPUTE MEAN INTO C

DIVIDE BY 3 FUR {EAN
STORE IN AVER

.IRANSL;\TI()N

BASE OF SAMPLE ARRAY
3AND COUNTER X
SAMPLE SUEEER'LENG'H'{
AVERAGE -~ STHRAGE
KEEP [T PUSITIVE
RESTORE IT

8AND COUNTER
SKIP ZCD ONLY

NEXT SAMPLE

[

WRITE ERRUR 4ESSAGE
GET NEW COMMAND :

SYSTEM NUOISE DELAY

TURN BEEPER ON
BQEEPER DELAY




P

g3
8336
8388
8389

0384
0385
*0387
0384
0388
038C
038D
038F
0390
0390
0390
0390
0390
0391
0392
0393
0394
0397
0399
0394
0398

039E -

039F
03A0

03A1 "

032
0343
03A64
03A7
03A9
03AA
03AB
03AC
03AD
O3AE
0380
0381

0382
0383
0384
0385
0385
0387

8387

0387
038A

8% or i
&7

" 83p

a

A 618

gh
oF
3
21
77
23

0D
20

AC 08

0o

S6 14

FB

Co

BC 08

A0 03

56 14

02

B2 08

+ FIND MIN DIFFERENCE
8333+ RET :
R334 1 INITIALIZE PARTIAL SWS TABLE
B339 NTPAR: LBy A (VOCSIZ) | houBLE vocsize
0338 LD C,A } WORD INDEX IN C
0339 LD A,0 .
0340 LD HL.SUMS t BASE OF SUMS ARRAY
0341 IPSI1 LD (HL) ,A ,
0342 INC .HL g
0343 Ipec ¢ } GET NEXT ENTRY
0344 JR. NZ,IPSI
0345 RET
0346
0347 1 UPDATE PARTIAL SUM
0348 + SUMS(B) = SUMS(B) + ABS(A~SANM(E))
0349
0350 PRTSUMt PUSH HL
0351 : PUSH OE
0352 PUSH 'BC
0353 PUSH AF
0354 LD " HL,SAM_ 1 BASE OF SAMPLE BUFFER
0355 0,0 :
0356 . ADD HL,DE + ADDRESS OF SAMPLE (E)
0357 SUB  (HL) T A=SAM(E)
0358 JP p,pPsI . \
0359 cet t FORM 275 COMP [F NEG
0360 INC A ‘ :
0361 PSi3 LD D,A ! SAVE A
0362 LD A,B
0343 ADD A
0364 . LD HL,SUMS t BASE OF SUMS ARRAY
0365 LD C,A + INDEX  C -
0366 Lo B,0 t ZERO HIGH ORDER BYTE
0367 ADD HL,BC t ADDRESS OF SUMS (B%2)
0363 INC HL . .
0369 ° LD. A,D t ADD TO SUMS(B)
‘0370 ADD (ML)
037! LD (HL),A
0372 JR NC,PS2 ¢ ~
0373 DEC  HL,
0374 INC  (HL)
0375 PS2t POP  AF .
0376 POP  BC \
0177 POP DE :
0378 POP HL
0379 RET
0380
8§§5 }.COMPUTE NEAN AMPLITUDE OF BANDS 0 - 2
0383 MEANs LD  AL,(LEN)' 1 LENGTH T0 B
0384 LD B.A '
i
l,
13
¢
-{ i (
N i
R 7 *

QPR e
» .:,{F;{h’f; [T BRI




o31c
031F
0321
0324

-0327

0328
0329
0328
032¢C
Q32D
032E
032F
0332
0333
0334
0335
0336

0339 .

033A
0338
033C
033F
0341
0342
Q343

8348

0348

8346
034E
034F
0350

0353

0355
0358
0359
0359
0359
0358
035C
03SF
0361

0363
0365
0366
0369
036C
036F
0370
037!

0373
0375
0376
0379

22

3E
32
3A

FA
if
70
37
C!

79
32

18
3A

06
48

co’
.28

16
3E

21
<D

78
FE

04
3A
88

54
00
AF
AC

56

54

1F

08
08

05

o7

55
5

AF
AF

8F
14
40
54

90

3F

F!
AC

03
14

08

08

o7

08
05
03

08

027%
0276
0277
0278
0279
0280
0281
0282
0283
0284
0285
0286
0287
0288
0289
0290
0291
0292
0293
0294
029%

© 0296

0297
0298
#0299

8387

0302

8384

0305
0306
0307
0308
0309
0310
031!
0312
0313
0314

Q315

0316
0317
0318
oo
0320
032!
0322
0323

(MIN),HL

Rl S N ™

1STORE IN wORD ot

1 2 BYTE ¢0MPAR[50N

+

t COMPUTE DIFFERENCES AND FIND NEAREST JATCH

0324

0325
0326
0327
0328
0329

LD
0 4,0
LD (WORD) ,A
LD A, (VOCSI2)
DEC A
LD C,A
LD 8,0
MO PUSH BC
. LD A.C
ADD A
LD C,A
LD HL ,SU4S
ADD HL,BC
LD B, (HL)
INC HL
LD C, (HL)
LD HL MIN
LD D, (HL)
INC HL
LD E, (HL)
CALL CoM2 . °
JR ‘C,NEALY
poP  BC
MD23 DEC C
JP M,i4D3
NEALO® ﬂB ‘ ﬂE:MIN
LD (HL),B
¢ .
. PUp BC "
LD A,C
LD (NORD) ,A -
. JR MD2
uD31 LD A, {NORD)
RET
1
CHEBY: LD 8,0
CHO1 LD c,B
CALL NULIST
R Z,CH2
LD A0
(#)] E.d
CHIs LD HL, TABLE
. CALL GETM
¢ CALL PRTSUM
INC E
LD A,E
cP . 63
JR  NZ,CH!
CH2s3 INC B
LD - A,(VOCSIZ)
cp B

1 ROW INDEX
¢ TEST FOR NULL AORD

3 ROW SIZE )
i SAMPLE INDEX (COLUMN)

+ JABLE POINTER > .
GET TABLE(C.A) TU A
i UPDATE SW

. v TEMPLATE FINISHED ?

t NEXT WORD

a




PR ——

cD-co
30 0B

R 06

20 EF

C3 07
79
3D

47
Ch 62
FE 06
Ch C9
38 08
79

FE 96
20 EF
21 C3
Cc3 07
79

30

30

32 81

3c

3A 80
FE O1I
28 E8
0E 0!

. FE 06

CD C9

30 09

9
g 19

20 EF
87
M B2
8

A 80
4F

CD490
CDIF
18 AE

21 FF

a1

08

05 ’

07

15
04

08

08
08

Qs

o7

0¢
08

06

06

FF

08

49

0220
0221 \

8323

0224
0225
0226

Q7 T
oga
0229
0230

0231 Ti0t
0232

19233
. 0234

0235

0236 Tiis

0237
0238

0239 Ti121.

0240
0241 T2t
0242
0243

' 0244

0245
0246
0247
0248
0249

T 0250

0251
0252 T31

0253

0254
0255
0256

8388

0259

8330

0262’5 TOPs
. 026

838

0246
0267 .
0268
0269
0270
0271 1

Sé&L

CALL

o
B

ADD
LD

CALL .
. CALL

JR

ZCHK s
NC,TI .
136 '
NZ, EP1

HL, E!

ERROR  _ 1

A.C $
A
(BPT),A '
L]
SUM H
é
NC, 111
ZCHK i
Ci 2 1
A,C H
150 .
NZ, 110 '
HL,E2
ERROR !
A,C° !
(EPT),A '
B . <
A
(LEN) ,A 1
A,(BPT) '
’ i
Z, 12 t
C,! $
SUM 3
é
NC,STOP
ZCHK 1
‘NC,STup

{
8sC
NZ¢I3
QUTLEN l’
é'(LEN) !
E:%BPD
c .
C,A A
PCBCD . 3
S TUPHK !
T10 S |

ST 2CD DATA
IEST FOR BUFFER END

PRINT “No SPEECH”
TENTATIVE START

BEGINNING POINTER
CONTINUE ANALYSIS

DATA < THRESHOLD?
T T2 [F < THRESHOLD

. END OF SBUFFER CYECK

GET MORE SPEECH
/SPEECH TOO LONG~
IENTATIVE ENDPOINT
SAVE ENDPOINT

SAVE LENGTH L
EST BEGINNING

FOR ERROR UESSAGE. .
ENDING TEST
SILENCE IS & SToP 7
ST ZCD DA TA

TEST FOR STOP

A

ADJUST BUFF:R PO INTER

PRINT C REG IN 8CD
MARK THE STUP
CONTINUE ANALYSTS

0272 & FIND MINIMUM NUMBER IN SUMS TABLE

0273

0274 MINDIG: LD

HL ,OFFFFH ¢

1

LARGES T NUMBER




48
i ‘ !
\ .
/ | |
~ ‘ , —_
2 0248 9 0168 " RET : ‘
. 0248 "0166 % ’
0248 0167 + LOADS TRAINING DATA INTO'SIZE AND INFO
0248 0168 1 ) '
§ 0248 CD 20 06 0149 [QAD: N\CALL SZADD t SIZE ADDRESS IN HL
: : 024E 3A E6 |4 0170 ) A, (STOPHD) -
! 0B T 0171 (HL) ,A + LOAD SIZE DATA
RN 0252 2i C2 14 0172 0 HL,IfFO
. ' 0255 CD 30 06 0173 CALL INFADD + INFO ADDRESS IN
- , 0258 3A E7 l4 0174 LD A, (INFOWD)
‘ > Q%8 T 0475 LD (HLY,A . 1 LOAD INFO DATA
- Q5C €9 ., 0178 RET ' .
2 (77 ¢+ , \
~ 83?8 8178 t OUTPUT VOCABULARY REP()RT/
. 17 . .
. %28 3k 8188 Yocrerr 1o 4,0rFH e
! 181 ’ A '
8338 #%'° 318 - (g ESHITOH.A .
0264 78 Q183 voCls LD A.B o
0355 32 .4F 08 0184 D (WORDJ,A
0268 CD F8 04 0185 CALL OUTWD  ,1 PRINT %ORD
' 0268 3E-20 0186 LD A,20H .
0250 CD D7 04 0187 . CALL oUTC
: 0270 3E'00 < ola8 W a0
: 0272 32 E6 14 ®™ 0189 LD {STOPHD) ,A ~
. . " 0275 €D 20 06 0150 CALL SZADD . 1 SIZE ADORESS IN HL
. 0278 4E - 0191 L0 'C,(HL) _ .
0279 CB 79 0192 BIT 7.C
, . 0278 28 07 0193 R Z,v0C2
0270 3E 80 0194 - D  A,BOH
027F 32 E6 14 0195 LD ’ (STOPWD) ,A "
0282 (8BS - 0196 RES 7,C
0284 79 Q197 VaC21 LD A,C 7
0285 32 B2 08 0198 LD (LEN),A
. 0288 21 C2 14 0199 - g HL, INFO o
0288 CD 30 06 . 0200 ®ALL INFADD ¢ INFO ADDRESS [N HL
028 7E ) 0201 LD A, (HL} - .
028F 32 E7 14 0202 LD (INFUADY,A CT s
0292 CD EC Ol * 0203 CALL REP t PRINT WORD REPORT
. 0295 04 . 0204 ING B . o
. 0296 3A AC 08 0205 LD A, (vocstz) o
s 02090 B8 0206 cP '8 - :
0294 20 CB 0207 . JA O NZvad ~ .
1 029C  3E 00 0208 Lo A0 ‘
© OMR9E 3276 1S 0209 LD (SWITCHI,A :
.o OA1 C9 0210 RET ° ‘
02A2 . 0211 3 .
4 022 * 0212 ¢ FIND WORD BEGINNING/END COMPARING THRESHOLD »
: .. 0242 0213 4 <
" . . 0202 QE. 0} : 0214 ENDPTS: LD  C,! t SPFECH BUFFER [NDEX
. 02A4 CD A6.07 ~ 0215 CALL INTT t ZERO STOP INFU
b 0247 21 00 09 0216 LD . HL,BUF+ .
02AA CD 62 05 0217 EPis CALL SIM - 1 COMPUTE THRESHOLD
" ) 02AD FE 06 0218 cr 6 .
' 02AF 30 10 0219« . Jn NG, TI : m]n IF » THRESHOLD
o
: ‘ §
3 s .
. . l
LY
P » -
- ’ "
d‘ .
Vo ke b, e wolsmBAl R T o

Pt o
IR ) A A,



{ .
¢
¢
i '
1 .
i
k&
o
.
o
N
! .
s L™
!
| .
'
“ :
{
] . N
’ ” .
N .
\\ ' ’
b,
‘
-4
N
-
s ’
L
/
N
‘
< .
.
L
3
' «
St : V2RES
e
L
3 d '
Kl N
- /
b7 .
-
.
Q
4
01
5 &
=
£
;3 -

“.

01 E4
0187
olg8
O1E?
OIEA
OIEB

;. OtEC

O1EC
Q1EC
0IEC
O1EF
QiF2
015
01F8
OIFB
0IFE
020!
0204
0206
0209
020C
020€
0210
0213
0214
0217

021A"

0218
0218
0218
0218
021¢
0220

0228
0226

0228
022E
0231

%3

0232

84 -

0234
0235
0238
0238
023E
0241

0244
0247

0248,

0249

v

888383053

E? "_n 8 02
-DI

C1
Fi
co

.21 88,15

CD A3 Q4
JA B2 08

.CD 18 06

21 A5 15
D A3 04
A ET A
¢o CB 06
3E 20

CD D7 04
A E6 14
CB 07

CD C5 04
o

21 86 15
CD A3 04
co .

H 7515

FE 00

3E FF
32 76 15

. CD EC 01
Q229 3E 00

76 1S
04 05

‘8KH

0D 04

Al 06
02 07
94. 05
59 03
El
0!
ct

A2102 ~

'r

N\

010 CALL
o111 POP
0112 POP

Cof3 - POP
ol 4 Pap

. o115 RET
0114 3

0117 1 OUTPUT AORD
}

- g T s VSR ORI s ¢ i 4 gt e -

PREP
HL
0F

BC
AF

REPORT IN T MODE |

0118
0119 REPt LD  HL,MESS4 1 LENGTH =
0120 CALL WRIIE
0121 LD A,(LEN)
0122 CALL BCDA t PRINT DATA
0123 LD HL,MESS? & INFO =
0124 CALL WRITE i
0125 LD A, (INFOWD)
0126 CALL PAHEX 1 PRINT INFO IN HEX *
0127 LD, A,20H .
0l28 CALL WUTC
otz29 LD A, (STOPWD)
0130 RLC A .
0131 JR  C,A .
0132 CALL CRLF
0133 RET ,
0134 Rt LD  HL,MESS3 p STOP ‘ -
0135 CALL WRITE’ f
0136 .RET
0137 1 o
0138 t PRINT REPORT T DEVICE
0139 ¢ , , ‘
0140 PREPT , LD A,(DEVICE), - ‘
0141 ce o0 . .
0142 RET 2
0143 “ LD A,OFFH
0144 LD {SHITCH),A
0145 CALL REP
0145 L0 A,0
0147 © LD (SHITCH).A -
0148 _CALL ¢ - -
0149 © "RET, )
8189 1 ceT anp pROCESS spEzcH
0152 ¢ L
§lag SPEECH Shal BE :
0155 PUSH HL
-0156 CALL SPCH 1 GET SPEECH [NPUT
0157 - CALL ENDPTS 1 FIND END PUINTS
0158 CALL INFLD 1 LOAD INFOWD
019 CALL MATCH 1 'COMPARE VOCAB WORDS
0160 CALL GETSAM 1 GET 16 SAKPLES
oisl . CALL CHEBY 1 FIND SMALLEST OIFF
0162 POP. * HL ! RESULT IN A
0163 PoP  DE . - .
0164 © poP  BC .

[ 2

.,’




056E
825
056F
05¢F

§33F

0570

8373

0574
0577
0578
0579
0578
057C
057D
057E
0531
0583
. 0536
0587
0589
0588
058C
0580
. 038E

058F’

0590
0591
0592
0593
0594
0594
0594
0594
0594
0597
059A

059D
059€E

0540
0543
05AS
05A8
0SAA
0548
0SAE
- 0584
0584
0584
0537
058A

0588
058C

co

l1E

F2

ic
e
o
4aF
42
cD
16
cD

FE
20

2F
4F

Ct
(n]]

co

21
22

4F
16
CcD
16
cD
28
69
22
21

1E

2A
44,

40
16

78 0%

FF

5A 04
0A
71 04

FF
04

aC 08
84 08
82 08

CA
54 04

71 04

8A 08

g8 08 -

10
88 08

OA

0749

0750

0751
0752
0753

0754
Q755

0756
0757
0758
0759
0760
Q761
0762
Q0763
0764
0765
0746
0767

0768
0769

58 )

0715 RET '

71? P : \

717 i INTERPOLATE

QIIg 1 B=I, Ca=va, DeERACHIO

0719 1 REG A=V i+FRACK(V2<vi /10

8739 tym:  pus oe

0722 LD E,0 '

8734 L &c¢ :

0725 JP P, INTRI

0726 CPL . '

0727 1. INC A

0728 LD  E,OFFH

0729 INTRIt PUSH BC :
0730 LD C,A '

0731 LD 8,0 :

0732 CALL WULT

0733 D, 10 :

0734 CALL DIV i

0735 LD  A,E

0736 CP  OFFH :

0737 JR  NZ,INTR2.

0738 LD  A,C ;

0739 cPL

0740 INC A

0741 LD C,A

0742 INTR2t+ LD  A,C

0743 . pop BC

0744 POP DE

0745 ADD 8 ;
0746 RET

0747

0748

\
SET FLAG /

V339

FORM 27§ COMP
SET NEGATIVE FLAG
SAVE (8,C)

SET UP YULTIPLY
FRAC T0 8 -

DIVIDE 3Y 10
MAKES C QUOTTENT

CHECK NEGATIVE FLAG
COMP IF.NEGATIVE

VI +FRAC*(V2=V1)/10

t GET 16 EVENLY SPACED SAMPLES FRUM RAW SPEECH

+ BUFFER AND HOVE THEX TO

'
GE TSAM1

GES13

LD

HL,SAM

(SAMP TO ,HL

A (LEND
C,A
D,10

L1

HL,.O

{(BUFPTY ,HLY

Ep'é
DE

)

HL (BUFPT)
B,H

C,L
0,70

SAMPLE BUFFER
BASE OF SAMPLE ARRAY

INIT SANPT
FORM LEN*IO

COMP UTE mcas_usnm‘o(]

Yo
SAVE. [T [N INDC(EX)"

INIT BUFFER POINTER
NWUABER (F SAMPLES

INDEX INTY BUFFER*I0

DIVIDE BY 10




0524

0528

052¢
052F
0530
0530
0530
0530
0530
0531
0532
0533
Q53¢
0537
0538
0539
0538
0s3C
0530
053E
053F
0540
0540
0543

44
8343
0545

8342
834%
83%¢
823}
8233

0954
922k
056 1

0562
0562

T 0562

05462
0562
0563
0564
0566
0567
0568
0569
0568
056C

056D

79
83

o5 3

F5

CD 5A
Q9

6F
30 01
24
Di
Cl
Fi

¢o0 30
T8

CD 04

BT

PR

8 oC
E. 41

P4 o8

D2 38

.06 Q7

D6 30

06 03

20 FB

(o]}

04

Q5

05

(o3}

01
01

————— o i -

s i s SRRSO R 0 H FTIT B P R« ot g

o

57

CoM21s LD

3
ADDR:  PUSH -

PUSH
PUSH
CAIL
ADD
ADD
LD
JR
INC
ADDRIt Ppp
- pap
POP
RET

f .
CETA: CALL
LD

RET
1

AC
E
A CTMP)

1 FIND BYTE ADDRESS
666 3 (H,L)+(D*C)+A=t(H,L)

AF
BC
DE
NWT
HL,BC
L

L,A
NC,ADDR!
H »
0E

BC

AF

ADOR |
A, (HL)

' COLLECT WORD IDENTIF I CATION

HORD[D* CALL

8P

¢k

&

¢
Jp
WOT 1 ggg
. 'RET

1
t
i
'
SUM XOR
PUSH

SUMIt  ADD

INC
oTEH
Godip T
(}Ay’l()l
GoT
NC,AHAT

O7H
0

SUMS BANDS 0-2 IN REG A
HL POINTS TO BUF(FI), RETURNS SUM [N A

A t CLEAR A

BC

8,3

(HL)

HL :

8

NZ,SUdl

BC t

HL v SKIP ZCD DATA
C .~ ¢ P SPEECH INDEX

RO o e o




o A e 3o TN W E b g 5

B

P TR LR DL S RN

56.

oty
¢ L e e e L L T
¥

"
083 B 8532 Bu 3sdow ¢ prINER oumUT
04FS Ol 0607 S0P BC A
04FT 9 0608 - . RET
848 8898 ! parnT womd N AsCHI
048 0611 1 ~ . .
. 0B E6.TF 062 QUMDY AND /7FH . 1 MASK BIT 7
- - 208 e \ .
8L B2 R 8814 . Y LT :
O4E 38 07 0615 R C,0UT ~
. 0500 C& 07 085 ADD OTH ' 1 OTHw’A/~/07=I0
0502 18 03 0617 R OUT .
0504 0618 3 ,
0504 0619 § GET CHARACTER /
0504 0620 1
0504 D8 03 0621 INGt 1IN A,3
0506 E6 02 L0622 .. AND 02H
0508 28 FA 0623 JR ZJINC
050A DB 02 0624 . IN A2
050C E6 TF 0625 AND  O7FH
050E 18 C7 0626 R WUTC
0510 0627 1
0510 0628 1 16 BI T ADD ‘ \
0510 L 0829 | ADD (B,C)#(D,E) % (3,0) |, |
0510 - 0630 .1 :x
0510 EB 0631 ADD2:  EX  DE,HL
0511 Q9 0632 ' ADD HL,BC.
0512 €8 0633 EX  DE.HL
0513 42 0634 )
0514 48 0635. . L C,E \
0515 C9 0636 RET
£ 0518 . 08374 .
0516 0638 1 14 BI 1 SIBTRACT
0516 * 0639 1 (B,C)=(D,E)=1(B,C)"
“ 0516 0640 1
0516 F5 0641 SUB2: PUSH AF . ,
517 79 0682 L AC , -
0518 93 0643 suB' €
0519 4F 0844 (D GC,A
iy 2R . 8343 . B §B
BIC 47 0647 LD B,
0510 FI 0648 PaP AR
BIE ©° 8843 RET | .
05IF © 0651 $ CONPARE 2 BYTES. (8,),(D,E) ARE (HI,L0)
BIE . 8483 | (B:C2°> “D.E) SETS COND CODE 1
IF 32 8308 0854~CuN2t LD (TMP},A
B2 78 0655 LD A8
0823 BA . 0656 ce D ,
0524 28 04 0657 JR Z,C0M2! :
26 3A 8308 0658 LD A, (THP)
29 9 0659 RET
\
ok 7 A R TS R



s L R

'y fuihy BT KGR

G T S

I——T
:
115, -

04A3
04A3
Q4A3
04A4
04A6
04A8
04AA
04AB
OdAE

. Q4AF

0481
0484
0485

Q485
0485

3483
348X
8E

04C1

84

04C%
04C5
04C6
04C8
04C8
04CD
0400
0402
0405
*04D6
04D7
0407

0407,

0407
0408
04DA
040C
Q40E
Q40F
04E!
04E2
04E3
04Eé
O4E7
04EA
04€8
04EC
Q4cE
O4EF
04F0
O4F |

)
07 04
Oh,

D7 04

D7 04

03

FA

<02

75 15

76 1%

02

TP A T R s e

0550 & (K,L) =3 MESS (ENDS #ITH O
1

0551 .
0552 WRITEs LD ° A,(HL)
0553 ce 0
0554 JR Z,WRI
0555 ep ’ '
0556 RET Z t SUPPRESS CRLF
0557 CALL oUTC :
0558 INC HL
0559 JR WRI TE
0560 WRI CALL CRLF
0561 RET
0262 } G
0563 1 SOWN
9363 4 SUIND BEEPER CUE
1 5
§a%a BFE PESH AFiou Yo
- =4
8225 88‘1’ gﬁ‘gd,\ + ENABLE SIGNAL GEN
8;98 EBLL REBAY“ ! BEEP FOR 100MS
, L N o * .
0571 OUT  OAFH,A -
3433 ReE ¥
0574
0575 CRLFt PUéH AF
0576 LD A,ODH
05.77 CALL OUTC
0578 LD A,OAH
0579 CALL (UTC
0580 « LD AQ
058! CALL oyTC
0582 POP AF
0583 RET '
0584
0585  OUTPUT CHARACTER
0586

§ .
0587 NDUTC:  PUSH AF n
0588 QU [N, A3 /

0s58¢ AND OIH
0590 JR L, U1V
» Q891 POP | AF
0592 OUT 2.4 t VIDEO OQUTPUT
0593 PUSH AF
0594 PUSH DE
0595 LD (DEVICE)
0596 LD ' x- o -
0597 . LD Ay (SWLTCH) .
0598 AND D
0599 POP DE
0600 JR NZ,OUTP -
040t POP AF
0602 RET
' 0403 OUTPT  POP AF R OUTPUT
0604 . PUSH BC

B L o il SRR




s s

e e g o

e e
F

0618
061 €
o O6IF
081F

0618

06iF
0620
0622
0625
0628
0628
0682C
062D

838

062D

8333

0635

3839

0638
863
63
0638
063A
0638
Q63F
064!
Q645
0646
0447
0648
0648
064E
064F
0451
0653
0654
Q656
0657
T 0659
065C
™ oesE
0640
0652
0663
0665
0867

e 086A

- 0668
0s6C

068D

0671

CD €8 03
o

3E 80

R E6 14
21 86 15
CD A3 04

21 9E 14

R 2 o8

FD SE 20
FD 56 Ot

CD D7 04

T

N
———h -

. gAY T WSS g o gt et g o

60

¢

NORM

I L

<

0828 § MARKS STOP IN T AND P MUDES

8833 $ GET SIZE ADDRESS OF DIGIT INT) HL |

A, 80H

- (STOPWD) (A1

HL,MESS3 ¢
WRITE
HL

L,S{ZE

R:%oroy

- EA

HL.DE

REG [N 3CD,
H,0 !

L.A
[Y,PIOTAB+4
SKIP
[Y,PIOTAD
AF

DE

A

E, (1Y+D)

D, (1Y+1])

A -

HL,DE L
C,JUMP1

A

Loop2

HL,JE

30H 1
ouTcC H
1Y

Yy

A,l

E
NZ,LooP1
A, 20H
ouTe '
OE"

AF |

1 0000
000
o0

— —

0825 - CALL
0826 RET
0827 1
0829 ¢+ .
0830 STOPMK! PUSH HL
0831 LD
0832 LD
0833 LD
Q0834 CALL
0835 pap
0836 . RET
0837
0840 SZADD:
8825 INFADDs EB
0843
44
883 ﬁB?
0846 3
8847 {1 PRINTS A/HL
0849 BCDA: Lo .
0850 LD
08s| Lo
0852 JR
0853 BCDHL: LD
0854 SKIPr PUSH
8s5 - PUSH
0856 LOOPI:* XOR
0857 LD
0858 -
0859 LOOP2: (R
0860 s8¢
Q86! JR
0862 INC
0863 JR
Q884 JUMPI T ADD
© Q865 ADD
0866 CALL
0867 INC
0868 INC
0869 . Lo
. Q870 cp
o8t JR .
0872 Lo
0873 - CALL
0874 “« o POP
0875 pop
0878 RET
0877 PIOTABs DwW
0878 DW
0879 Ow

WARK STuP
PRINT STOP

ENTRY .FOR INF) ADD

ALTERS HL .REG
A REG ENTRY

HL REG ENTRY

SUBTRACT POWER UF 10

ASCIT CONVERSION
OUTPUT,DIGIT o

END OF TABLE ? s

PRINT SPACE .

xSt




T T

GV S e

P

053E
0sC!
05C2
05C5
05C7
05CA
05CB

. 05¢D
0500

- 0502
0505
0508
0509
050A
050D

* OSDF
05E2
05€3
05E4
05€5
0586
05E7
05E8
05E9

_ O5EA
0S€D
OSEE
‘. OS5FI
0572
05F 3
05€ 4
. O5F5

82k

Q5E9
OSFA

83ke

0SFD

O5FE.

0401
0602
0605
Q806
0607
Q60A
0608
060C

0610
Q6lt
06l 4
0615
0616
- 06818

EEEaP TN Y

71
Bé
80

10
Q4
SA
FC

84
03
34

86
SF

B4
B8

BA

10

B8

04

08

08
08
04
08

08

o8

08
05

08
08

08

05

08

03

i

———— oy

‘0770

il

0772
0713
0774
0775
Q776
0117
0718
0779
0780
Q181
0782
0783
0784
0785
0786
0787
0788
0789
0790
0791
0792
0793
0794
0795
0796
0797

Q798
0799

0800
osot

8883

0804
0805

0808
0809
0sio
08!l
0812
0813
08| 4
0815

0816
<0817

0818
0819
0820
0821
0822

- 0823

0824

59

GES21

TP SR T e o

pOP
DEC
JR
CALL

pIv
A|B
(FRAC),A

HL,BC
HL

“HL,{SAMPT)
£,3 .
HL, (SAMPT)

B,(HL)
HL

HL

HL

HL

HL .
C,(HL) -
Ay (FRAC)
DyA

INTR

HL ™

?%P).Ht
(HL) ,A
HL

fz,cEs2
(SP) ,HL
A, (HD)

{AE) -

HL

'
1
L

H
L
L

i
'

i
|
i
3
i
1
L
i
i

i

(SAMPT) JHL}

HL

HL,(BUFPT)
H

L
G.L
HL, (IND)
0,H
EvL
ADD2
H,8

L,C '
{BUF PT) L HL1

0E

3
NZ,GES1
MEAN,

l

FRACTIONAL PART TO A
SAVE IT
CLEAR FRACTION

FORM BPT+IND

©

BASE OF BUFFER
BAND~O BUFFER ADD
SAVE POINTER TO DATA

vi To B
SAVE BUFPT
NEX T SAMPLE SAME BAND

va2 mce’
FRAC M D '

RES TORE BUFPTe>VI
SAMPT T0 (H.L)

LOAD INTERP VALUE
INC SAMPT

REY r°#Ro" MBER

POINT A1 ZCR
GET IT T A
GET SAMPT BACK

INC SAMPT
SAVE SANPT

ADD INDEX TO 3JUFPT

-

RESTORE BUFPT (
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: 0673
- : 0675

0677

0677-

048TA
067D
0480
0683
0486

~.-ﬁm.....,,...__ﬂw_~m
o
&
3

-+ 088F

v : 0690
05690

vy Q&v0

0690

0689

0A
ot

3A
CD
3A

21
Cco
3A

'00
00

30
38
81
J8
88

A3

82
38

E5

79
Co
3e
Ccob
El

20
D7

3e
20
D7

co .

QE

A
A
3A

Cb
3A

00
80
E3
81
E3
80

€3
BI

CO E£3

21

2

&

A3

g7
c8

o8
Qs
o8

15
Q4
08

06.

04
06
04

gs

08
06
08

06
08

06
15

‘ ("8 OA3 04

4
06

CD CF 06

aTmnIm

. - o
B a0 T L TR T T e e~ S wa o A TY e S

K

y

N
N

o e hn s -

61

0880
Qs8st
0882

Dw
oL}

Io . .
1 ‘<

0883 + PRINTS LENGTHS IN BCD

0884 1

0885 OUTLEN: LD

0884
0887
0888
0889
0890
089l
0892
0893
0894 1

0895 | PRINT C REC

0896

CALL
0]
CALL
LD
CALL
LD
CALL
RET

PUSH

A, (BPD)
BCDA

AL (EPT)
BCDA

HL . NESS4
WRIIE
A, (LEN)
8CUA

t PRINT /LENGTH = ~

(SPEECH INDEX) [N 3CD

0897 PCBCD1 HL
0898 LD A,20H .
0899 CAlLL OUTC
0900 L A,C .
0901 CALL BCDA °
‘0902 A,20H
0903 KL DUTC ,
0904 PP HL
0905 RET )
- 0906 1. .
0907 1 LOADS INFOWD IN T AND P, MODES
0908 )
0909 INFLDs O C,0 . 1+ ZER0 C REG
0910 LD AL(BPD ‘
0911 CALL TEST + BEGIN INFO .
0912 LD A.(EPD
0913 . » CALL TIEST 3 END INFO
0914 0 A,(BPD :
0915 ING A
0916 CALL  TEST 3 BEGIN#4 [NFO
0917 ¢ LD A, CEPD .
o9i8 | DEC A
- 3K] CALL .TEST 1 SND-4 INFQ,
0920 LD ' HL,MESST ® INFO
883} fp RLTE :
0923 Lo { INFOWD) ,As LOAD INFORMATION
8333 gw. PAHEY. t PRINT INFO [N HEX
e PRINTS A REG [N HEX
3331 | :
0929 PAHEX: CALL PAl
B3 mir . A
PAl: A
09 , . RRA
oog‘g ARA -
L0934 RRA
9 1
- ¢ ’
o Ll +




N

so

06D3
04804
0606
0408
06DA
06DC

- Q6DE

06E 1
Q6E2
06E3
06E3
Q4E3

D6E3

0sE6
04EB

§4E2
B4EF

Odrl

06F5

F5
Eé
FE

cé
F1

co

OF
oA
07

Jo
D7 04

F5 06

e =

0935

62

8BS YRNY

E g

13.
10 F4
Co

FC 08

TE
C4 58 07
3A B2 08

—

ow8ee

PUSH AF )
0936 AND  OFH
0937, cP 0
0938 JR  C,PA2
09 39 ADD 7 .
| 0940-PA21 ADD  30H™
0941 CALL oUTC
0942 POP  AF )
0943 RET
0944 ..
gg:g ' ESTDATA smpx.s AND STORE INFORMA TION
$ o
0947 TEST: CALL DATADD  : DE=DATA ADDRESS
0948 . LD B,4 i 3m=BAND COUNTER -
0949 TEI: . A (DE) .
4
832 58 c TE2
B :
0954 DE . |
0955 buNz” T . \
8839 - RET :
gggg t DATA SA4PLE ADDRESS IN DE, INCREMENT IN A
0960 oAnDo: PUSH HL
0961 LD, H,0
0962 LD L,A ,
0963 ADD HL,HL ' 1 *4 (BYTE INCREMENT)
0964 ADD  HL,HL .
0965 LD  DE,BUF
0966 ADD HL,DE
. 0967 EX" ' DE,HL
0948 POP HL r
0969 . RET ‘
0970 3 : ; ‘ .
0971 1 COMPARES TARGET WORD WITH VOCAB STORAGE (F
gg;g 1LENGTH, STOP AND BAND INFORMATION
;o
0974 MATCHt CALL INTPAR ! INIT SUMS TABLE
0975 LD HL,SUMS  1oHL=SUNS ADDRESS
0976 LD IX,SIZE 1 [X=SIZE ADDRESS
0977 LD IY,INFO 1 LY=INFO ADDRESS
. 0978 LD Ae (S TOPWD)
‘W79 LD CoA t C=STOPWD
0980 LD A, (VOCSI2)
o981 LD  .B,A t 8=vOCAB CUUNTER
0982 MAIl Lo Ay (IX+0)
0984 RES 7,0 i D=VOCAB WORD LENGTH
098% XOR °C .
98
o8 EA& ui’.‘uuu. .+ STOP BIT S UNLIKE
‘0988 LD Ay (L ¢+ LENGTH LIMIT CHECK
EvA

o

o
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8188 SB B

072¢C
0720

- 4R

Q732

813

0737

8738

073F
0740
Q742
0743
0745
0746
0748
.0749
0748
074E
- Q74
Q750
0752
0754
0755
0757
v0758
0758
0758
0758
0754

0738

075¢C
075D
Q75€
075F
Q7S¢

Q75F -~
075F"

0701

3783

Q768
Q74E,

Q74F
o736
: 077|
.0T72

0773

+ Q774

0775
0777
oTs

BA
B3
b
A
it
c5
06
IF
38
14
10
TA
FE
oc
23
23
00
£D
Ci

10
co

ss o7 4

23
23

ci

07 .
14
00

07

————tats e o o

[T S  ac o I

’D 63l

8357
0992
Q%93

§%%4

w96
835
0999

| &89

1002
1003
1004 4A21
1005
1006
1007 #A3:
1008
L1009 7
1010
1011
1012

L1013,

1014
1015
1016
1017
1018 3

SUB

iﬁb‘

ADD
cp
CALL

poP
DJINZ
RET

“

L R

BOE L e

5 " 4 D>MIN LENGTH?
JC.NULL

B nurL

A, (INFOND)

) R
180 ¢ coupartbons couNT .
BC t RETAIN VOCAB COUNT
8,8 4 BaBIT COWNT

C,MA3

+ D<MAX LENGTH?

t DuMA TCHING B8ITS SUM
A2 ,

A'D . ”~
4 ¢
C,NULL

HL

HL

X

Iy .

BC

MA |

1019 3 BLANKS A WORD°IN SU:-(S TABLE,

1020 1
1021 NULL:
1022

- 1023 -

1024
1025
1026
1027 1

LD
LD

* INC

Lo
DEC
RET

A,OFFH
(HL) ,A .
HL . .
(HL),A " ¢ .

HL T

€

9

1028 3 PRINTS VALID SUMS AF TER REC\)GNITI()N QESP()NS‘-'

1029 1

}83? SUMOUT: {:B

1833

1034
1035 SUis
193¢
038
03¢
1040
1041
1042
1043
1044

o

»

vacstz | ?'iX‘v’SéE:E"“HEEesg

BB BE:Q0fE™ ¢ BE-%H&& CBpeRs ToR®
CALL °CRLF .

L0 o (HL)

INC

LD s,(m.s

B DEHL '\ + HL STORED HI-Lo
pusn HL

sst: m_,a?: 3 NULL CHECK

POP . HL o .,

JR Z,5U2 . : )

.

e
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PR

TN AET 4 i 1 10 e ay

X

A
iy

B i U

07TA CD F8 04 1045 CALL OUTWD t PRINT ®ORD
071D 38 20 1046 Lo A, 20H \
Q7IF CD D7 04 1047 CALL OUTC ‘
0782 CD 41 06 1048 .CALL BCDHL 1 PRINT SUM
0735 &8 1049 Sy21 £X DE,HL
. Q786 FI 1050 POP  AF
0787 3¢ 1051 o INC A
0788 22 1052 INC HL
0789 DO BE 00 1053 cp (I1%+0)
073¢ 20 g0 1054 JR NZ,SUl
078E c{ 1055 RET -
Q78F 1056 ¢ ° , .
073F 1057 1 NULL WORD TEST IN SUMS. RETURNS ZERC FLAG
. 073F - 1058 .
. 078F C5 . 1059 NULTST: PUSH BC
Q790 €5 1060 PUSH HL
o791 06 nO 1061 Lo 8,0
, 0793 79 1062 LD A,C + CsHORD COUNT
0794 87 1063 ADD A
079% 4F ‘ 1064 LD CyA
Q796 21 36 14 1065 LD HL , SUMS
. 0799 09 1066 ADD  HL,BC
o 0794 ;E . 1067 LD A, (HL)
079 F 1068 C OFFt
i 0798 25 04 1869 JB szm
Q79F 23 - 1070 INC HL :
QA0 T8 1071 LD A, (HL) :
OTAl  FE FF 1072 cP OFFH
T , -
_ a1 Bl 1833 Mt BB - B :
. : 07A5 C9 1075 RET L8
07A6 1076 ' . ,
; 07A6 1077 3+ INITIALIZE STORAGE JF SIZE ELSMENT AND 5TOPHD
' 0746 : 1078 1 BEFORE SEARCH FOR A STOP
) 07A6 ' 1079 1 A
\ .
8%3 35, 82 14 %83? INTT EB ?Squpwm..\: ZERO STOPHD
07AB  3A AD 08 1082 LD A, (MODE) .
QTAE FE 50 1083 cP *ps
0780 €8 1084 RET 2
° 0781 3A 73 15 1085 LD A, (NORDC )
0784 FE Q0 1086 cp 0
- 0786 Co 1087 - RET N2 t FOR IST T WORD ONLY *
0787 CD 2D 06 1088 CALL SZADD . + GET WORD SIZE ADDRESS
o 0788 36 00 1089 Lo (HL) ,0
078C C9 1090 RET
. 078D 1091 : . ’
- 078D 1092 3 PRINTS NESSAGE WHEN ZCD DATA IS FOUND
078D 1093 4 \ .
078D, B5 . 1094 ZCDMESs PUSH HL
07BE CD 90 06 1095 . CALL , PCBCD t PRINT C REG
3 . 07CI 21 95 15 1096 LD  HL,MESSS -
. 07C4 CD A3 04 1097 CALL WRITE
: 07¢7 Ei 1098 POP HL
07¢8 v 1099 ~RET
i H
[ e
\ L J g . ~; 5
< o P N
' Ve
X o roAT
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07CB
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07CF

' 0702

‘ 0703
07D4

0705
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b

L

~ Q105 |

070%

D5
o798
07DA
. Q70D
v 07DE
O7DF
Q7E!
07E5S
07€8
07EA
O7EB
.07€eC
07E8E
Q7EF
Q1F2
07F3
07F3
07F 3
Q7F3
076
o4 07F8
QIFC
07FD
QIFF
0800
0803
0806
0807
080A
0800

080F

, : oat |
. 08i 3

© 0815

\ 8818

¢ : . ) gsiIC

o

. R et 32
[

S

07c9

23
’Eg 02
cD

28
JE

80

x
Co

P

07

o8
EA

14
08

.

1108

OVWMNIONAWN—~OO0ONIOVNARILLN—-0O0

WRRNPONNNNNRGNN —— = e = = e — = O

ICHK:

1)
H
ZERO

rAR

221

i
ST

STl

DEC
LD
INC

N

CALL
SCF
~ CCF
RET

Lo,
LD

LD
L

)
PUSH
LD
LD

ADD -

LD
LD

- pPOP

INC
{NC
INC
DJNZ

LD
(B
(D
LB°

. IX

F NS e e T ol AW bt e i oo o

t CHECKS ZCD DATA V THRESHOLD', RET%RNS CARRY
i

HL 1
A, (HL) ' |
HL &
é 1 ZCD < THRESHOLD?

ZCDMES 1 PRINT ’ZCD” ’ .
+ RETURN CARRY RESET

1 INITIALIZE TRAINING SU4S DA TA -

HL,BSUM

8,128

OE.O .
(HL), D b
HLy

21 .o

(LSUM) ,DE

HL, [SUM

8,8

(HL) ,D

HL - S

z2

A,D ~
(SSUM) ,A

s .
t COLLECTS CUMWATIVE STIISTICS OF 2T/ AQRD

HL,SA4 1 ML=SAMPLE PUINTER
B,&4 1 B=NO OF SAMPLES
IX;BSUM 1 IX=BAND SUM POINTER
5 éHL) ! SeSAMPLE DATA

1’ «

HL

L, (IX+0) + (HL)=CUMUL 3AND SUM
Hy (1X+1)

HL ,DE

(IX+0),L | UPDATE CUMUL S U
CIX+1).H \

HL e
HL

Ix .

STAI (R
HL, (LSUY) + UPDATE LENGTH SU.
eoXLEN)

D,0
!?_[:SBE) ML l1

ey

.
\ o
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0822

0825

o828

o82A -

082¢C
082D
0830
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0831
o831

oa3i-

0834
0837
0839
0838
083D
083E

083F

0841
0842
0842
0842
0842
0846

Q849
0844

084D
0B4E

883}

0855

382x

0858

883F

0861
0863

" 0Bo5

0868
0869
086C
086F
0872
0874
0875
0876
0877
0878
0879
087¢
0870
0880
0831
0832

v a A

S5A
E7
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a7
ol

F8

15
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08
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1155
1156
157
1158
159
1160
16l

1162

1163
1164
1145
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©

STA21

i LOADS
3
1S UMLD+

ISi:
[S2:
i

]
CALCs

CALI

CAL2:

TP

A =a ey

LD
LD
cp
JR
INC
CALL
RET

[SUM

LD
LD
LD
RLC
JR
INC
INC
DJNZ
RET

O Ml M e s v e e

t UPDATE STOP SUU

HL,SSWM

A, (STOPYD)

0

Z,5TA2 .

(HL) T
[SUNXLD t UPDATE {NFO SUM

VECTORFRUM INFOWD
SUK .

A, (INFOAD)
B,8
A
NC, 1S2
(HL)
HL
IS1 i
.

t CALCULATES AND LOADS MEAN STATS IN T 40DE
D .

BC,(LSW) 1 MEAN LENGTH N

LD A, (WORDL) .

o} A

EALL va .

LD A,C

LD (LEN),A -

EB é.lssuu) 1 WEAN STOP

b ° B,0

kB 6,(HORDL)

1A .

CALL DIV .

B 4c Lo

JR Z,CAL!

Lb  -°C,804

LD A, (LEN) =
OR c ' ’
LD {STUPWD) , A, .

LD DE,SAM t MEAN SAMPLES

LD HL'BSUM - a
Lo 8,128 = -

PUSH BC

PUSH OE ‘ .
‘LD C,(HL)

INC HL .

LD HL)

tg ~ A, (WOROLD !

{ DeA .

CALL DIV . X

LD A'C» "

puP DE

LD cog),A




-~ o

SRR PN

’
r
LS e

v

e m p e v o B AT VA A« P

i
;P o0
c \

T Y S

A i

AN
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0883 13
osa4 23
oggs (¢l
0886 10 EC
oge8 21 6A
0888 IE 00
088D 06 08
0B8F CS
0830 4E
o801 06 00
0893 3A 74
0896 57
7 7
o B!
089B FE O0

88E 28 s
cB 03

08A1
08A3 23
4 )i
8 QS ?0 8
08A7 78
Q3Ag 22 =7
08AB C9
08AC
08AC
08AC”
08AC 24
08AD ©QO00I
0BAE 0QO!
O08BAF . 000!
0880 Q00!
088! 000t
0882 000!
0883 000!

m

. 0§86 0002 .

884 0002
MZ -
088A 2

088C 0040
08FC 0258
0BS4 Q900
1454 0Q0Q2
1456 Q043
I149E 0024
14C2« Q024
14ES
14E7
14E8
14EA

1994

1573
1574 OA
1575 00

15
04

— e o —. - ——

-

1383

1224

1233

1227
1228

1538
1231

1232
1233

1234
1235
1236
1237
1238
1239
1240
1241
1242
1243
1244
1245
1246
1247

1248

1249
1250
1251

1252
1253
1254
1255

1256
1257
1258
1259

CAL3s

CaL4:

'
VOCSIZ:
MODE?
AVER:
WORD ¢
BP.Ts
EPTs
LENt
TipPe
SAMPTs
FRAC:
BUFPTS
IND¢
SANM?
BUF:
TABLE®
MIN1
SUMSs
SIZEt
INFO1
STUPWD s
INFOND 3
LSWMs
BSUM3

1t DATA

133P L3

1262 WORDCs
1263 WORDL:

1264 DEVICE:

-

DI NIN) = = = e cms e

DE

HL

8¢
CALZ2
HL,ISUM
E,O
B,8

BC

C, (HL)
8.0

A:(NORDL)
D.A

DIV
A

O ,
;.EAL4
E

HL

&L
A,E )

CINFOWD) ,A
S

[+%

oo
[o 'S
o

2304

O = — —

0 we w0 w s es W

@ TS W e v M @ U wg wr W

\

HEAN INFO

MAXINUM VYOCABULARY
TRAIN/PERF 4ODE
AVERAGE AMPLI TUDE

T MODE IDENTIFICATION
BEGINNING POINTER
ENDING POINTER

NORD LENGTH

.l ,

PROCESSED SAAPLE
RAW SPEECH BUFFER
VOCABULARY S TURAGE

sUNS VECTUR -
SIZE VECTOR
INFO VECTUR
STOP WORD
INFO WORD
LENGTH SUM
BAND SUN

4458 St

TRAINING WORD CULNT
TRATNING WORD LIMIT
OUTPUT DEVIVE TYPE

A, o




1576
1577

1580
1586
1588.

1595
1599

15A5
15AD

1589 *

15C3

- g i | o

00
54
20

57
20
53

4C
54
20

52
43
52
49
20
52
47
45
4E
50
48
4F
4F
49
57

20
50

4F
24
54

45
48
24
43
45
54
29

3D
45
4E
44
aF
45

55
4E

4F

20

52

4E
20

44
20
3F
46
20
43
49
20

45
54

52

47
3D

45
28

24

5A
24
53
43

20
57

1265
1266
1207
1268
1269
1270
1271
1272
1273

" (274

127%

SWI TCH:
MESS| 1
MESS21
ues;s.'
MESS4:
MESSS:
KESSS
MESST:
MESSS:

'

Els

E23

D8

DB
o8
DB

D8
DB

0B

L

08

DB

"0 t PRINTER SWITCH

TOR P 24,0 -

WORD . ¥
+5TOP7 ,3
’LENGTH. =

IZCD"O v
‘REJECT (R)2/,0

ZINFO =
RECOGNIZED

#NO SPEECH/,0

“0UT OF WINDOW’,0

-
Kl
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APPENDIX B

°
a

- The Intérnagiqnal Civil Aviation Organization Phonetic Alphahet

Alpha

. Bravo

Charlie

Delta

Echo

Foxtrot , \
Golf : N
Hotel .
India oo
Juliette ' >

Kiloe

Lima -

Mike

November
. Q)scar ..

Papa . ’
Quebec : ' ‘
Romeo )

Sierra

Tango
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Speech Routines! -
(SPCH collects. ’raw'oeech) Call BFEP to signal speech

wfndow start.

Set pointer to raw speech buffer BUF and sample counter

"to 150.

102.

. 103,

104,

105, -
106.
107

108,
109.

110.

B B B

1.
113,
14,

3

Set band counter to 0. (0=Fl, 1=F2, 2=F3, 3=ZCD)

If band counter = 4 go to step\IOG.

Call SAMPL to get band data from soeech board.

Load band data into BUF pointer lacation. Increment

o

pointer and band counter and go to sfeo 103.

Call DELAY for I0ms inte}—sample delay and decrement’

sample counter.
If sample counter is not O then go to step 102.
Call BEEP to signal end of speech window.

«

Return.'

(SAMPL collects single band) Send bit 5 = | to speech -

board to disable multiplexor MI.
Send bit 5 = 0 to start conversion.
Input status/data word, |

If bit 7 =1 go to.step 112, |

Return.
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Match Routine

120, (MAICH compares target word with vocabulary storage)
Set pointer to SUMS, SIZE and INFO and set vocabilary

counter to vocabulary size,

121. Load STOPWD.
122. Get SIZE contents, reset bit 7 to give SIZE length.
\ .

123.1XOR SIZE contents with STOPWD and test bit 7.

124, If bit 7 =1 then call NULL to nullify vocabulary

entry.
125. Get target word length LEN and divide 6y 4,

126, If LEN-LEN/4 < SIZE length then call NULL.

“127. If LEN+LEN/4 > SIZE Iength then call NULL.
128. XOR INFOWD and vocabulary INFO data and count ! bits in

result.
129. If count < threshold call NULL.

130, Return ) : ‘
14 . .




