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INTRODUCTION

& narrow bandwidth speech processor has been developed and a bread-
board model exasts ag part of the Audiro and Voice Communications Taboratory.
This breadboard demonstrates that humen speech can be transmitted in a
160 Hz communications channel. Also, the type circuits used provides means
for maintaining minimum size and weight requirements imposed by spacecraft
applications., Thais report will present a discussion of this development
and some possabirlities the system has for spacecraft applicatzons,

This report i1s divaded intoc four sections. Section one will present
the basic concepis of the processor, Section two will discuss some
aspects of how the processor was developed., BSection three will present
a sumplified analysis of how the processor operates. Tinally, section
four will discuss applacations of the processor with pariicular reference
to 1ts development status. An appendix is provided whaich contains in-

directly releted informatzon.



I. PROCESSOR CONCEFRT

The concept of the narrow bandwidth speech processor lies within
the discovery of a technigue known as the single equivalent formant
(SEF). This technique 1s a method by which parameters are exbracted
from speech that describes an equivalence of the formaat structure of
speech. However, before discussing this further, 1t 1s necessary that
the basic structure of human speech be understood. The following few
paragraphs are an attempt to provide this understanding.

Speech may be defined as humanly generated ubtterances, logically
formed to produce meaningful sounds, as related to written text. The
source of these ubferances 1s, in part, the product of air from the
lungs and vocal cord control. Alr is generated from the lungs which is
controlled by the vocal cord in the form of perzodit bursts. The bursts
of air set up ringing effects in a gumber of cavities along the voecal
track. The wvocal track is the hollow volume of the human head and neck,
terminsted on one end by the vocal cord, and on the other end by the laps,
teech, mouth, tongue, and nasal cavity, or passage.

There are times during speech production when air from the lungs 1s
unaffected by the vocal cord. At such time, constrictive parts of the
vocal track (primarily lips and teeth) play an important role in speech ’
generation. They, along with the cavities of the vocal tract, are
instrumental in providing the logic that forms the utterances into meaning-

ful scunds, How This 1s done can be shown with the following definitions,

explanations and diagrams.



The structure of speech is known %o be made up of a number of
basic pg.rameters which associate themselves with the operations performed
on the air from the lungs by the vocal track, for example, the periocdic
bursts of air caused by the voecal cord. This cperation provides a
pereameter in speech structure known as pitch and is defined as the rate
at which the bursts of air by the vocal cord are permitted to cecur.

Inkewise, the bursts of air cause resonances an the cavities of the
vocal track., The resonances are called formants and are associated 1n
a composite mammer with a term known as voiced sounds.

During the tame when the vocalAﬁord does not operate on the axrr from

the lungs, the constrictions of the vocal track provide another parametexr

in the form of white noise and is termed unvoiced sound.

b. Composite forment structure (voiced sound with pitch)
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d, Composite Speech Signal with pitch and voiced or
unvoiced sound.,

FIGURE 1.



3
If a visual perception of these parameters is required, one might
thaink of their appearance as shown in Figure 1., a, b, ¢ and d.
In & freguency spectrum the composibe vorce slgnal would appear as

shown zn Figure 2
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To this point, 1t may be said thas the structure of speech is made -
up of three basic parameters: (1) Pitch, (2) Forments (voiced sounds)

and (3) Woise (uavoiced sounds).

(1) Patch 1s the rate at which the vocal cord permits volced sounds

to occur.
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(2) rormants are resonances that occur in the cavities of the
vocal track.

(3) Noise or unvoiced sounds are those sounds produced by the
constrictive parts of the vocal tract.

A1l of these parameters may be related to the phonetic structure
of a language thus providing & correlation between wraitfen text and
humanly generated utberances.

The phonetic structure of sound, as applied to the English language,
18 broken up into two general classes, vowels and consonants. In rela-
tion to speech ubterances, these classes associate themselves in & manner
such that vowels correspond to voiced sounds and consonants correspond ‘
o unvoilced souads. However, not all consonants are unvoiced. There
are some consonants that correspond to voiced sounds as well as unvoilced
ones. These sounds are called combination socunds and are treated as such.

The voiced speech sound, as found from basic speech studies, 1s known
to consist of many foxments. IHowever, 1f the fregquency content of speech
1s lumited to below 3.5 khz, only three formants are known to exist.

These three formants, along with pitceh and unvoiced sound, are
knownn to be sufficient for providing a fairly accurate replica of speech.

It 1s from these formants that the SEF technigue was discovered.

(1)

From an extensave study of vowel sound perception and the three
speech formants, 1t was learned that an equivalence existed for the three
formants., The idea stemmed from the fact that when one hears, he does

nov distinguish between individual formants., Instead, the ear seeks to



>
hear an equavalence., The concsept a1s the same as that of two colors in
hue. As tvo different colors approach each other at the point of incident,
the eye sees neather of the original colors. Instead, a third color
unlike the cther twro 15 seen. With this in mind, the graph of Figure 3
provides an approximation of this occurreace with reference to vowel
sounds perception and speech formants. -

The concept of the single equivalent formant was formed from these
1deas As shown 1n Figure 3, the three formants are described as funcbions
of vowels and frequency. The heavy black curve represents the single
equivalent formant (SEF)}. As indicated for back wvowels, the first formant
deminates for central vowels an average of the first and second formants
dominagtes and finally, Tor the fromt vowels, the second formant dominates.
Thus, The SEF appears to shift, depending on Which;vowel or group of
vowels occurs in the spoken texb. .

Although ind:icated on the graph of Figure 3, the héavy black curve
does-not exist physically in speech. Hence, the concept lies i1n being
able to recognize the dominate formant from reazal time speech, By being
able +o do this, and realizing that the change from one Jdominete form
to ancther 1s never greater than at a 25 Hz rate, a low bandwidth pro-
cessor can be constructed. Theoretically, this could be done by describ- :
1ag the SEF in freguency and amplitude, along with pitch and unvoiced
sounds. Bach of the four parameters can be made to vary at a 20 Hz rate

A development was undertaken to implement this theory and concept,

A discussion of that effort follows. As will be seen, Girect implementa-
tion of this concept was not achieved. However, the existing hardwaze is

a direct result of the effort to do so.
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II. BSOME ASFECTS AS T0 HOW THE PROCESSOR WAS DEVELOEED

The development put forth to implement the SEF concept was the
result of funds expended by MSC in a program outlined by contract
MAS 9-b523. The purpose of the program was to develop a laboratory narrow
bandwidth speech processor for spacecraft applications. The characteristics
of the processor were To be:

(1) 160 Hz in communication channel bandwidth

(2) Able to meet as a design goal 80% phonetically balanced (B)
word intelligibality for a signal-to-noise ratio of 20 db
(3) Capeble of meebing as a design goal an analyzer volume of 35 ll‘l,'.3

(4) Capable of being put into microcircuit form

(5) Able to have a power consumption of no more than 5 watts
The SEF technigue appeared to offer great promise of mecting these require-
ments,

The program was 1nitially focused on wbtilizing the SEF concept directly.
An analyzer, buirlt from earlier work, existed which provided the extracted
SEF parametbers (SEF period, SEF amplitude, pitch and vo:.ced./unvo:.ced
decision). Thus, work was concentrated on developing a synthesizer that
would provide an intelligible speech replica from the given parameters., -

Three attempbs were made to design a suitable synthesizer. The farst

wmvolved use of a pitch oscillator to cohere a square wave single eguivalent formand

~ _oscillator. The second, was consbruction of a three_formant synthesizer.

: _The thl:gd,mwas_ 'cqnsﬁructlgp "of“ a.__three": fp';*mg:ﬁt* synthesizer T{lﬁﬁ:dlgl‘gé.l

forment shapers. WNeither of these was able to provide a
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suitsble speech replica  However, 1t was discovered later that more

<

accurate definition of the SEF was necessary from the analyzer. This

required desigming & new analyzer.

The new analyzer was defined as a SEF tracking filter analyzer
It appeared to work well. However, sultable definition of all vowels
was not possible. Either the A o i, or u, V, region could be de~
fined, but not both simultaneously.

A wwo formant analyzer of the same type was used to overcome this
problem. The u, V, , vowel region was defained by the first formant
and the A to i region was defined by the second formant. The enbire -
vowel range could now be defined.

Because the analyzer was now of the two formant Type, the synthesizer
also was designed to be of the two formant type. Thus, the final system
18 & two formant spesch processor,

The final system does not exhibat direct amplementation of the SEF
technigue, however, the concept remains the same, Also, the fanal system
meets all of the intended reguirments.

A szmplified analysis of how thls processor operates 1s provided in

the next section.
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ITI SIMPLIFIED ANALYSIS OF HOW

THE PROCESSCR OPERATES

The narrow bandwidth speech processor developed 1s & btwo formant
processor and operates functionally in accordance with the diagrams of
Figures 4 and 5. Figure 4 15 a block diagram of the processor analyzer.

Figure 5 18 a block diagram of the processor synthesizer.

+10 -0
BANDOASS
}
FILTER PERIOD 2040Hz OUTPUT L
[ 200-T50 Mz DETECTOR LP FILTER SHAPZR BUFFER
AMPLITUDE 20-40 Hy Al
DETECTOR LP FILTER
+0 -0
&
U
BANDPASS ¥
SPEECH PERIOD -
Ol FILTER o 20~40 Hz OUTPUT £F 2 ]
INPUT " -l DETECTOR LP FILTER SHAPER BUFFER 7
£
, X
7
AMPLITUDE 20-40 Hz Az
DETEGTER LP FILTER e
o -0 LP FILTER
. e __ .} _PiicH 20+~30 Hy ANALDG INVERTINGE PV ke 1SE
DETECTOR LP FILTER SWITCH BUFFER SV ol -
_L i
VOICING VOICING DECISION +12 O—ey —=+10 ourELY TO
DETLCTOR REGULATORS, P
- |20 T TO SYNTH

/;9 <~ Two - Formant Analyzer

The analyzer extracts directly from the speech signal the parameters that

provide the low bandwidth. The synthesizer accepts these low band limnted
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paramevers and from them constructs a two formant replica of the speech
input. The following debtailed analysis, using waveforms, will provide
some 1dea as to how this 1s done and what the final speech replica looks

like

Figure 6 Typlcal Processor Speech Input .

A signal sumilar bto that of Figure 6 i1s chosen as the input for
the snalysis. However, like that of Figure 6, this signal represents the
word "shoe." The word shoe was chosen because 1t contains all of the
basic structures of speech pertinent to the operation of the processor.
Also, the time span of the word when spoken normally is within the
limztations of this analysis.i The word is also a good representatl?n
of a typical speech inpub.

As shown in Figure 6, the word shoe contains two basic speech sounds
which are umvolced and voiced, The unvoiced appears as random noxse and °
the voiced as & periodic wavetrain. These two properties are fundamental
in the processor operation. The periodic wavetrain contalns the formant
struchbure and the noise like wave contalns factors pertinent to the in-
telligibility of the spoken text, Thus, boﬁh‘propertles must be processed

1n such a mamer that they exaist in the speech replica,

-

Y
o g R
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The task of performing this processing may be understood from
the explanations and series of diagram to foliow. The series of diagrams
18 an 1llustration of the processing of the word "shoe." The diagrams
show how the word 1s broken down into faive individual parameters, multci-
plexed, made to vary at a 160 Hz rate, demultiplexed and logically
formed to provide a replica of the word at the processor syanbhesizer
oubput.

The five parameter breakdown of the word i1s (1) first formant period
(Fl), (2) fairst formant amplitude Als (3) second formeni perirod Fy)
(4) second forment amplitude A,, and (5) pitch/unvorced decasion P/V.
In the actual processor extraction of These parameters 1s done in a
sumultaneous manner. However, the diagrams here follow & sequence showlng,

in the analyzer, Fl extraction, Al extraction, F2 extraction, A2 extracition

and P/V extraction. In the synthesizer, P/V reconstruction 1s preseated

farst, followed by combining P/V with Fl and Al to form the fairst formant,

and commanding P/V with F, and A, o form the second formant. Finally,

the two formants are summed to form the oubtput speech replica,

H




A. ANATYZFER ANATYSTS

The analyzer block diagram of Figure 4 1s repeated in Figure 7 to
provide reference for Tthe anaslyzer analysis. As gpown in this dlagram; the
speech 18 fed into the processor at the poant indicated as the speech
input. The speech then is passed through a 200 Hz to 750 Hz bandpass
filter, a 75C Hz to 3.5 kilz bandpass filter, a pitch detector and a
vorcing debector,

The roube through the 200 to 750 Hz bandpass filter represents
isolation of the first formant and s Tthe first series of diagram to he
dascussed. In Faigure 8, a block diagram shows first forment isolation

7

12 A2 extraction. From Figure 9, a1t 1s seen that the speech input

1s passed through a 200 Hz to 750 Hz bandpass filter. The ocubtput of this

and F

filter, as shown, 1s the variation of the first formant in hoth period
and amplatude. This output, as 1llustrated in Figure 10, is first Ted

to the first formant period detector. Here, period averaging of each
dampeé wave is performed and the oubpubt 1g the variation in the first
formant period Fl. However, as shown in Figure 11, this output 1s passed
through a 20 Hz low pass filter. This filber is designed such that i1ts
output voltage 1s a function of the relative change in formant period.
Thus, resulting in the final form for Fl' The theory that makes this
epvroach feasible is thal of recognizing that the rate of change of

Torment frequency in human speechn 1S less than 20 Hz., This can he seen

by analyzing the sonagraphs provided in the appendix of this report.
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The amplitude parameter assocrated with the farst forment, as
showr in ¥igure 12, 1s obtained by passing the bandpess filtered speech
into an amplitude detector. The amplitude detector is a fullwave envelope
type detector Thus, the output represents the peak-to-peak envelope of
the input. This output, as indicated in Figure 13, is passed through a
20 Hz low pess filber. The filter owbput i1s the relative change of the
Pormant peak amplitude. A theory siumilar to that discussed for the
forman? period is Tound to be true of the amplitude peaks and is applied
in thlg:process.

The second formant parameter extraction process 1s exactly the same
as that for the first formant and is illustrated in Fagure 1k through
Figure 19. However, because the second formant region occurs between
750 Bz and 3.5 Hz, the period appears shorbter than the first formant.
The relative change i1n period and peak amplitudes remains in the same
order as those of formant one. As a result of this operation, the third
and fourth parameters are defined. ‘

The final extraction process, as illustrated 1n Figure 20 through
Figure 2%, is that of pitch/unvoiced decaision. As seen in Fagure 20,
the speech input i1s fed simultaneously to & piltch detector and a voircing
detector,

The pitch detector analyzes the perirodic part of the speech signal

and debtermines in the time domain the beginning of each damped wave.

As a result, a series of pulses is produced as the piteh detector ouspus
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Each pulse corresponds Lo the beginning of a pibtchr period  The peried
is then the time between successive pulses. After production, these
pulses are passed through a 20 Hz low pass filter. The output voluage
of the filter then produces a signal proportional to the period.

The voicing detector, like the pitch detector, analyzes the speech
signal. However, it is designed to provide a bi-level output signal
for all zero crossings of Tthe speech signal above 2200 Hz. Thus, the
occurrence of unvoiced sounds is determined. This, 1s possible
because the highest saignaficant voiced sound =zero crossing occurs at
or below 2200 Hz.

The output of the voicing detector, along with the pitch detector
output, i1s used to drive an analog gate, Here, the two are combined
to form the pn:tch/unvo:_ced. decision parameter,

Figure 21 shows the pitch debector input and output. This output
is proportional to the input occurrence of the pitch pulses.

" The oubput of the voicing detector, as shown in Figure 23, 1s
a bi-level signal which says that when the level 1s +v, the speech
input is unvolced, and when the level is -v, the speech input 1s

volced. Figure 24 shows the addition of the unvoiced
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decizion and prtch. These two parameters can be combined as one because
in speech they never occur similtaneously. The speech 1s either volced
or unvoiced, but not both.

The conbined parameterized speech oubput of theiprocessor analyzer
1s shownt 1n Figure 25, These paramebers are individually fed to the
multiplexer, shown in Figure 26, The mulbiplexer operates on these
parameters and combines them 1n a process similar to that described in
Figure 27 through Figure 30. The diagram of Figure 30 represents the
composite analyzer output. However, this output 1s passed through a 160 Hz
low pass filter and the final compressed speech oubtput of the analyzer is
shown in Faigure 31.

Figure 32 relates this compressed speech output to the speech input.

As can be seen, the two signals are different.



17

SPEECH
INPUT

o

i

BANDPASS
FILTER
200-T50HE

o

BAKDPASS
FILTER
TSO-35KHz

+HO -10
PERIOD 2040 Nz QUTPUT EF Fi
DETECTOR § ] LP FILTER SHAPER BUFFER
AHPLITUDE -40 4
DETECTOR LP FILTER
+0 -0
o
U
y L
T
PERIOD 20-40 Hz QUTPUT £F 2 1
DETECTOR LP FILTER SHAPER “1 BUFFER P
E
X
R
AMPLITUCE o] 20-40H2 A2 160 Hz
DETECTER LP FILTER - LP FILTER
+10 -0
PITCH 20-40 Hz ANALOG nverTinG |__P/V SURRING {, oHOISE
DEVECTOR Ll.-P FILTER SWITCH BUFFER AMPL IPUT
=
QUTPUT T
YOICING VOICING DECISION +i2 sioy Y0 XMTR OR
DETECTOR 12 REGULATORSY 1 YO SYNTH
o

Fig. 7

REH

Two-Fovmant Analyzer




18

G AND RASE
LHETER
ool T 75GHp

2 ST FORRINIT
FUE AT

LDETECTIR

Law PASS
EILTER
20/4F

-~

N

2 BT FORMRA
REA1002
/:‘

/

SPEFCH
R

g

Adat RSN Gt

LST FORIANT Low FRSS

AL TR & T TER e PUTRUT
" BETE f‘fé'/? s g 2 ST Foipasver
™\ PRPLIE N

e

“

Flte. §  GrOcir QITERRAY OF 2857 Fowpidsy 7
FEEfPROG LIV GINiRR IS OF FireTons
RPN ¢ 2 2



19

W ORY SHOL

-

]
. SH i o #
; ‘ ' VoIC E0 Sovr D ‘|
:l ) Sfﬂw'ﬁﬁ*m"“mwm*ﬂ*a T i i gl R T | T TRV YA Y o o " - - TP T g 'J‘
{ UNYOICED | Seests y . ) \ ‘
' e ""-'!"h“w'-n"\--r"t - ATt ' ] ,
‘;‘/ v\ A A f ‘ e g i
l" ‘z 14 b 3 i j i
'!;)JI 1{% ] f@.§4 F:'ﬁ 4 } o ) i { HY ‘;
RNy A s lﬂ fﬁﬂf\ /ﬂﬂl A lﬂ: AR TORIHIR Y ey R {1
{
? v @msce 99 msee. Lo msec 807 pnsec. /00" maec —  J20 mice /98 msoc /60 msce /3;0 e o oﬁugé
S . i
& I PUT  SPEFEH~  SIGHAL C

_—— - A i e b e B it Rebbieaiy mrmnabe s pn e A = om e ]

jpur Bano fiss furse .. . Lo ourrur ..

200K/ T 7so#2

]r-

’

‘b Sreecs Fevmant LILTER T . !
AL ) Ty

0 ¥uee %o mgec 49 pasec g0 msec g,a msee ffa wsee ﬁ,&’s? wnsee

W -

raire ifé"a&mc*c

L, OUTROT  SPFECH  Steaild (Fsanany MG Foerssr).

e G



20

3 n : A /] »
(I POV TN 1s ] | Wi
ORI P L PO N | PO 5 .
51#?5w,5{“ ?‘E:* : {EWH; o gl e *ﬂg%y 5}‘%{}} ﬂs ~ *iﬁa ﬂ"J i a”ﬁﬁiﬁﬁ ﬁﬁ;‘?‘,
Efi,:';fbt:"g SEFTEAT IR SR TR MR A ggﬁ‘” jes
[ [ 1 i
{ 2 ;J } gj ,
ooV oy : Y
?m:u. :io ¥asG q;a Palin 80 et ‘?f" e ;.;?9 Mee f."’ma.mc /gsu-w« ji.fommc
-+
@ INPOT SISHaL  TO FIRST FORMAHT PRERICD DETECIPR
INPGT ) F/Rs ra /%/?wa?' /oﬁ-‘ RO | o QUTRPUT .
DET ECTOR ;
. -
b IST ForatskT PERIGE DEFECTOR .
- - gi, s—\ P o l 4 e
i \ I N it
v 1
- 1 4 l L L A |
@ e podae #3 mite 20 Myea 2 @ e /90 isec /;?0 prirg g /-%omc: e mkes
C. DUTRUFE  SE6NRL  GF 2S5 (R0R0La s s, < S48 22 i380cra e

e SO0



21

._.w Cal
—
=

A ST

=
e
J—

ﬂmﬂ"ﬂ"“"
.

,g.-pu;..s-af—"”" wsd
i

et 2 g
prese

P

s
=
.

}% z -
.
q
Lo i
\ \ \ (..
Lacnirn s ! W, k__“ Y \\ %
L;i' 23&7.;4 . 2hie s @’Sa s G T s ,t?r) nuee j @008 J49, 04
i3 A L )
- - . - A
& ANSe s To Z 858 SORRGNT Gipusd Land Bld ST ed?
20 by el - ) ¥ - J—
PRI N FIRET  fonrmianr Coive 7 o DSTLRIF
d» Fird  Fepnt S R
'ﬁ e
b L85 EEn Iy guiend Lo FUIE FLESR JoMs
P oy, LYK - ﬂ'm‘ o wm“
‘;M - AT %Mm-m*Wemm*—W i m‘““‘"’“‘wm ‘Mmmnzm"- al m‘w‘“‘“&:—w e ARSI TR s:
> - ’ .
b, - - . Y
4 »
kLl
1 o - - |
[ ]
L] »
: ]
M ]
s + H
;P.ﬂ’,a“:- s?sw.ai?{- {‘,‘g W€ 6’;’ fow@ & {?f ¥ A fg-‘} et a’;fff' o roal e’a‘*«ﬁm'aé”-
Y

3o mges
4,

FRedp o

L2 Fe S BB AIL S 4P

v r #’M {f‘?ﬁ‘:” ™

16 A

BAW L0 2N s

LA r;"’-".?l"a"’d;



22

1 o | NN

O mice KO Hizes Fo e S ppaee g—}p I z’gfw ol "ff""” UL i{awec fﬁﬁszm

& INPUTr  SICNAL O BEF FORRT sIIRLITUE e8Pt paR

FAES T eunny BS7 FORmw T %Mﬁd/f#&éf IR, YW Y
D E TETTOR

b LST FORBIART ABRITURE QETELIIR

Sl G a?f‘v‘ﬁa»‘a % Seal S0 6;‘?3 Biath oW ﬁ?f»wa‘a . ,ff::r e /iif’. s &, 6 PR
[}

B OUTPRT SI16M04 ZST EBIRMBAME STl BeSTameros

i 7R



23

[ - + ! ; i 3 w ’ A i '
; ! ¢ a ) : K s 3 , | re ot A
¥ vk 1 5 L i \ oy
{ g i 1 \ 2 Y .l‘ W [ i 1 !
j 4 4 N i ‘} ' “ "R t I} L, " ) I [ i h d ]
., b i [ " . LR i g ¢ gy ¢ R b
SR SR LT T R T IO S NI B
M . | - o ; d S t W P 0w | 'u L T A
s ' A - - 1 i v § 4 i | ! { L ' 4 i
\ ] L A, 1 3 d " : LN - b RN S !
! ! . M LI Yo P ' Ve | ' } -t TN H ¥
J 4 . : ? .Y va\ - " Yo 4 R - \"'J "»{5‘
] « 1 ! 1
1 LSy N
4
YT aael wt LV ;‘-JI e S e ;?l)».eaiﬁ ;‘ R 1P /f,‘),«aacs Fo N avt 2 TR
i B, &

b i

ey f - o LY s - o~ he ] i T - - N , =
e T e 2 T AT RN S A P 38 {5 N S

FTV 2P

)

. o .F -
4 u 5'.‘:) 'Jr’ f“ji’:f #;‘ &’f’v;#&\i/fnv"“')"z -J »}r:yi,‘
NI S CNRR i T Py

20 Y
"‘"’L:

:"“""m R .
.

- T

P

=rev,
kR S

# a3 . - Fy,onA * » n o m N
o Ee T e W G WS el DN an KD F LD GTp, AR 58002

-~ - . g T My TR iy i
T e 3 e, e it i o e TR Ay g P Fumvam~amm1i
! [
.
i
L}
- )
]
)
Y J‘
% ¥
1 L. i i A . &
- [ - .- PP o~ — — -
wr AR Y BN S - 'Ki 4 P PR T Vet PP A TieRTL- Py eail 77 PR g

- R
PRl 4 WO R

r‘)/’ /_L:?

-
e



ok

Sdwey
e

F AN  PASS
Ap L PER
FE50He 7o Bz

BNE FORMAYT
AP U FPE 10 A
AT T C TR

| IS

Lowt  FREs
EILTER
RO D

T

Lt FRRIA T

FRF04 010

a

+

BHD BSOS
PR P T U
C DETEC TR

rd

Lo  FPRAES
AL FER
2078

AN

e TGOTPET
ZAIR PRI
o’rfﬂfﬂ"/}z’&pé?

a

£re 13 fBuoew DIFERIM OF  2WO FRRMANT
PUERIOD  SIL BAIEITIIE B SO FERS
LA I ELE

e S

& 8



WoRb SHOE

! q
| SH -0 & , 4
S (P o MoreED |\ FOUNMO e - o
of . At
! UNVOICED |, SOUND ;r' !\ 4
1 ‘,--l-—«—-‘mng-d ek mllw-q-—lu--.—”w" g ':{" “
t: ir } f / : mﬁ . ] 3
! Wiy 1aL! me, law , "t I J » i ! f -‘3 ] f‘ﬂm’t__'
PR e AR AT o | [ Uim M/ | 1 o ] 3 SATRIRITH ]}"*!‘! Wi Jined | s [
| -i i‘ o
? me.«:c 7@ miec gomses. 87 misec /00 500 7 &0 yyrsee /40 misee S60rniec /80 ysec 260y
8 It Ful SAELCH YL VA
W70l — Bomy /.%’55 /?44 7ER Lavun  OOTFUS
/804 TO JSKIZ
b Sperch  FrRant Frirer
)e N ]
3&"“1 1! v 1 A u\; } 4 iy iy 'i | J L j k) H 1“:1}5‘ wﬁ“:“' n"if\‘\/"
i“J%i‘Jh 311 v JU“ AN v M}JP‘\ J““ ; J J]Lri i \1 i }:{' v iuw i $y v
15 !U ;
oyes .%Omcc gomicc 6@ MIEC yJa i Koy FR9 e fdz’:‘f’ nLré /gﬂafm' /é'd;f.vec:
L opTinr  SREESH  SZiaAL (rkenivr MR Resion)

e L5



26

b o
2 e W}i it s Wl fified,
ai L

f ZV v {ﬂ,%‘fb’

L)

A0 Re8 HP bk #0250 FE0 FR5LR 230 s &8 ok Ll A

D INPUT  SISNRL TV SCCONO  FORMIAN " JFRIID DESFCEs
.

INPUT et

1

Secono  Formanr (Eriop o oeTPUT
DETEC 7TOR

V=Y

b 2nd FORMMYT PERISE DELCCTR

e
P
=3
prrwia—

\j\-‘\l L

T

qm; ca %O;Wcm

PETTEP Y

gorues ED215TEC BY 866 /48 328 xﬁza MSEE LIONICS (SIS

L. QuiPefs  Si1earnol  2A8 FAEI0MF PCRedd DESPei DR

VA



27

A
. ]
f F hd 3 ': z E{ 3
i \ f i 31 d
X J ¢ i i ~ 73 5% ')
! ' 1‘ 4 L 4 \. ki
i? A 4 ) Ev‘ z “l i 1 E\}' ‘k 1{'% 1
1 ] ! :
R W L LY L Y LY Y Vol b
i \E‘—-M—-@ A AT ‘éﬂ——vﬂm \-anu—.-.‘ [ STTIRIES B 8 { 3 ) \\.\. ‘L—wm Vs e ek
- 5 - e, - ~ - . -
IR wd R GRS e 08 AT R FOrT sl FI R wa 3G Iotoare &8 me s
¢ s A P 1 H i i A 2
- 4
G AR TR D IREN 28 QURFRLT A IS AN AL T
1
™ o 7 “un 5 il
PPIT Ane  faraiany  Qvirdws oy BITELTF
Lol PR SR e e
x )
#0) He
i &)’\ o
& Dot FPRRME PUFPDE L2 Puai ST Sadls
“
N a g TP, P TR b i, VT T T Wy st T, 1
b 5.l.'q""f:; ":.‘ - :“»""m.:n. iaw’*“w‘mﬂ‘ R LI PR ¥ o ey “me&""ww“ y T f
w63 TP aa'y . 3
4 ! {
i ’ i
N i
{ - )
4
i .
i " N
H 1 4
2.yt LOvEiTy »%io‘«s: ot Frraed SN FADpiFe J;? nfel arace At e
E [ 3 1 i i )

e 17



28

H
‘v

1 1[ F ' Lo | Wﬂ
;% X . [ 3 - ! - )
B{’Ju J J pEs 1 e %%‘E:z' lfrgnJJ? ﬁfﬁﬂ\g\j\m IR qj“;‘-ﬁf\f Ml '})Waﬁ

0 msec 20 PUTL ¢IOWL“E rﬁ?ﬁ AR é:v B AT /&L@ WITEES / fzc‘«‘:m‘cs.“: /;f@m‘&. l/.wmrc?&

Qi IVPLT STEH L. T8 ZND FORALIT Bl rns GEFEeion

INPUT ] 20 [orasin 7 el Fed s
DETECTER

b P TRPUT

b XN FORAIBNT  Apiri TVos G TECTOR

Rl B e -
SL,%L,‘W K (Q bl‘l ‘ Lh wj% }%}"M}\M by m'j

|
O ;:'f micE 4.Wﬁm ] 45.‘!‘3 BIEER 5"& e /{m sasee 4 l::::‘); e /ea nEel i«r.s‘l?/"),

. Doiinl” 052 ZHE FORESWT RBP4 TOIE DETECTIR

e /G i



29

3 f f i
1 ‘ 1
o j A, ¥ ir‘ 5 LE a2
E\ \ I ;:; !g‘é ] ! sﬂi ﬁ] r’% 1 ii F E% :l f':&
T ;; Y P}% b ;;‘s ."lp :?’z," % - :f‘ i1 1 E ?? 3!
! I b ﬁ'— i ‘: T, y o r‘;‘ lf ] o “é Y ‘ﬂ-\
- ; S . a‘jsh% u}, . ‘;,‘l.\% g Ty L ) 1 b ¥ v’%.,:h‘ “t"’?’tin gl ﬁ?ﬁé S bg‘% w% g 1 v
| Y BN I e, ¥ Yo e “Lm 2% fig Vb N 4! ¥
,_,:E N “1'.5 W »”,; Ugf -r\va mi LM” J {4 % v ",
% L
4 9 N 4
B asls £3. s GARILT & mses G0 yises £29 L0ee O o wfte ditenes
&

-y

) u.w ST T8 ENE  SORBBN T QEAERITOE AL PEES ST SR

PHEI g Eote  FOR an? SHAEL 2P0 v HTRET
Goipny 4048 PaRhE SRy
&0 M,
1 T,

b 2w FPORLIGN T BRIPLIFsoE QU rovi  Low FoRIESE  BREFTTw 20K

:W‘M%‘“MMM - mwnm’m"cwmw ywwﬂmmﬁv‘mmmrﬁffmmmmwa-q.ﬂ = ,,W“Wm,?wmm
2 . b Moy
& 3 :
8 R ' ,
] M § »
L]
. “ '
* 3
L L L]
p . ' ]

P LN :‘;'!&z agee e‘;tp;aasa [ g;e.:- A5 ;”’;:'4 ~yfaa f{m g ¢ ;.":8 wigce fg‘@;-?s.. & ¢, asat

L. QIR e IR g:mav PRI eS GUT O
L?, C:ﬁv f,-luéll}u égfﬁ f” "

Lo p8 S



30

SEECH
INPeFT T

d

TRl
DEFECTeR

VEIC IN G
DETFCTOR

Lowt PAsS ANV AL O
LT ER o SuTes  OUIPUT
208pP8 L VOICED
“""\ DECTIIOAL
+ Py
’ oy 7"‘?&%’2
e

Borock DIERANG OFF RIFCH SA00

O PAE

QIR T L

S L0

AEE F AT FrES

s



31

W oR o

& APOLE

3 o o w0
:« i i & & 3
‘ Ls
N ' y varegs | FOMAGD j
l :,0‘ L] © wB . - a o M w3 W G o 2 o B & 0 o o v C B~ I ’ = W - - -3 = = a D B ] ] W g " -~ -y im e A wy F-) (}q‘l
1 M . v
AN SN y f i
t’.wn-.-u..-.x-aqa“\....,—.“._.waw\\ N o h , —i ) ; t
£ a A &
e \ :-.’}é 2 /g }} g 15] f A % ‘ g ¥ H‘; ‘!
¥ ~ -
Py, » 4t 11 " " j F}'\ ; [ " E &, ﬁ‘\, P4, B 1 "‘M.g A}c i a o [
' ' T e L % G % fzja.'i Qwi" !.;,” f f'};.vh oo g}ﬁ;\?y E%‘; ;E’.t“ LE-?; P i 1’5‘" i;i’rﬁ( : ; P ait_,"‘fjs
| T 5 % / § Py J bé i 1
J \ \J ;Y ,
%'* E;? il G *?;3 A S é’p;me G é"f* PR el /:::f £35 8 hg:“::v’:s.r.::;c: }ufﬁ waste /é;ﬁ’mga ¢ fﬁ; LT .?ﬁj,w
) - -+
@ SN Pur SR8 LK SHE A
T A f%’ T zf) ST Fwyran e ORTAVF
&L PEroy RETELTER
‘ }
; ] ' J‘x
i ' h

t

.

138 l {
2 b Vo cnminy phat! A "l

R T
3
——

ii“ L O L ¥ & 5‘ e \'*
LI TN E‘l‘bt“hib (.f;" Rl ({5 IS XA 3?:5 e ¥ 20 f?@}fg:@% /},?,ﬁ;,;?gez;; '

/‘:;:3 F vt jf‘."ﬁ PR

- )
&, BBrEi

o ;jﬁf JEH ry

e L/

FLEeF63



32

TR R AT
partancie Lo
3 e

g St S oYY

I S e, TR
T SR

o T TS

T ey

S R e

b ¢
R

P

TEDDTIRTESY

e e TR
v

e

bprmor e ey T,

T =
-t o

a
(-

. '

R

DTS TN Y ST ST
e Th e B B

s i g £

e i e
-

r

J—
sl e
(ST

AR
P ———
Lo "

i
A

Oy ywdée 83 pige a2}y ee BRWNERD PBAWEGE PRI PR QBN G e frdeasie
P i i 3 a, ] 2 a ]

4
G SYPPF T8 RIS QRIS Loet SES AL TS

EreRer r] /Of o f:‘?g’rﬁ:fﬁ‘ A’,e;h::f ﬁ'i 4 [ Fawed
gES A e ed
a?::} o 2
- .

S T eral 4oy PSS FL PR B0

AT T, o T -
N v\qﬁ% . f ”‘t“"‘“\‘e-r :
e Ve H
L] " i
i

‘ v - l SRR C ]
A ]
' )
‘ 1
z : '
1

L Fe) 20t $o 0 <s §pawas I, 0508 CIOISCE  JROBNCT 4y Snee PTG

G B ad T FAICH GUTPRT LDk PONS S TER,

F /5 2l .



Wo.id

FTHIE

K ) t $
: Ay : N o)
- ~ ) 1P 905 4T St i . \
m@ “,...-..,..--..,.m-u..t\ W W My ep e s .y oM WD B W O Anma b % m S Mmoo o S D s wwtnd 3 e @ S oW O B Y gomy |
] \, * z
i Py S ‘S"“ ﬂr"v'a: -:9"5#&} ' .’} 1
i“nvoumﬁw'ﬂw\vl‘ ‘!n-i\- e *9 ‘O\-lu\\ ' ‘\
. ty i’} ~ 1" é . y
¥ wha 1] ' 4 i 0 ! 3 Ha i 3 gﬂ :
H AN eRE p X 13 1 i o, r i - N : 3 E rx W A3 . H 3 oL F §§ 3 ™ . LY
, LY ! s [N AT LA B f 3 ! . 5 H : \“‘ L FE I k :"*A.,‘ EIRE H p tuﬁ' & 1 b ydil‘\ [
U S A Eéay"i’t'f*‘%g"uv é!p“"‘ R RLEE T jg’"a'v@ A r‘f‘“w@w
§ d
Lo Va 4 %ﬂ j
! i %J j } 4,
E‘f \j L L} é ,
? 2‘\;:.';-. ¢ egs}a') gee 5;3 LT e R g el FA R PRE TS FPEUHr 08 s P F 5B ek 08 S5 mezg
- i
@ v P SPE L S E i
FHFET i) VorQrws  OEFEersA s POPAVF
b VHCIN G PETECFER
N VIETD e
*
; ~
bt LB B . AR A A e e b e O et e e —— - — i A ——— A — e~ g — n - o e ar - — - - sman T b g
é Ve oF
WD BITEN g Voo &
5 ;I:rﬂ} T 1. TN B amice o vare: fa9 o ¢ fdtymre e PO 1mid Fo0vars tn FUFruer Zoo-
[ i = i’:ﬂ y ¥ ~ G A ke g S #
G ourAe 3~ V3o r4ds HETEES 2

g R



Vo

-
m’. L d - "er Ll - - - - - - - adry . - - - e e L —— —— —— — . Cad - p— Al - Lt ——— - ey - S by ant dem aim -~ - — iy s A —— SR LA AL b
\ Ve il & 83
& o e e GO Msee Fhemon frarmes  Boumes (€2 pues  {SOyejoe  SP0wasze EPFay
vt
lns# P :1mm§%‘\\ P bmﬁmm;a%h f ;ﬂﬁmbqﬁ,%%
] e " u““w” %ﬁh ﬁﬂf d % ' 0}
! < R NW e
%
: _ '
¢ . R )
L3 - " )
* »
X g i
1 t
' * 1
Qi :4,‘31.:: 75 .ﬁ‘ﬁ'}*vws ad enign u;fé‘ ¢ T ff:} wiee 433 A f";?uaﬂ?.‘jfﬁ'ﬁ GG
IS -
@“ 5 3 -
O Bé AIRANS TS ARG LEG Siered
WG e
!f" ¥ + s A
A AHAALER SERTE e
3  S—— L
{ i i‘;:../‘:‘gﬁu maa
' ]
& HNRLE ST EY
IR, e ST - b
] . ;sgﬂm-f Hu
X ] "/—"“ *‘m\%\ e Mﬂ M M
I . \"“"\n ® M%% T L\\,,.% R ’p'/gp’ -
. “daiagy ~pin® . Lot ol " ke s
i
\
1] 7
A
- PO Prepla RE A A Lo date d FLake 22 igl] J08 13500 1R ER e &9 uae EIReatas P LT




35

Ly

A FATOT T Ay -
b v e Yhitrn arcomeme AT AT
m-@.h,%w M

s i et T
g, L£87 SIS AERISE
¥
MMWUMW%WM . S (TR RS ” s <
‘ b LLF  FORPDLT  NIABLIFENE
- +
o S \ J— TR Loy ‘mmamwam
e TP A s T e 3 ECTSI AR 7L

& 2408 FIRGIZNT  PTROP

%”N:M = ‘“?%mwm;wmﬂ&’“&“\me,wwnMMmm- st q% 3*'%
o BND  PORFRIT S5 TYOE )

LY

) PP o TR - B ¥ e -
SRIRCE BECISHN e fedied? i - =
B PN ED BESIN  SAAPE AT

;; gf; 148 5 FIL Y g’;s:sg.ga- & .??ics:,,s 36 980 i b J.E’:a DiasER fg@ms‘w i Lﬁm & J&’r;‘ﬁ:,a i £
3 » -

SRBRCH PRECIEIIOD DINILTR CITRYT SPERORE  2V04 Firs Bl
Kap Fog Wwreo Yowoo



36

FAN 2 ER LS FORAn T PER0O TP s T

BYHRLIZER LEY FFafdijng Aurlivdfe QpIsmF

FRIPHLY B Fel IR T PV Jui vy

BWBEY TR G0 FolRAIIReT Arls Lnbl” Fu:on?

UN VTR BECIIA T &0T0N  Geiwo7

T J?é Llocie  OraaRom o
A7 U T PPL K E IR

&

PHERMro-—~~7T SR

-

1
3 yoF
Pl Ny

AOW LRSS
SRGTER
JE2H2

N
\

sy TV]EET
Lot FREESEST D
SEsECH



T

Y
!
1N

o

\ L
I ! ] N 0] -— e Bl i B
| ] ! i - i M TSPV T b B A P RIS Rl ' \ - e
l i . .
~ . {] -
| > l } i i ‘l';: E-r‘ - %ﬁ 5 4 5’6 “.‘ f‘u
o P
] I ' | .
| | e .
= ~ L
i I [ ] ‘ﬁw.rgm‘ﬂ T - J‘ :""“" Rl R o rmnn e mef wnge v asm T p g e TR - T g e e e -
M 15, 4 22 27 32 By 7% 7
| L -
. b )
|
I 3 @ R R T T T E LT B T 7T nT
} Ieda o we o w om wy e Tl T I e s P -
L | |
| * l ]3 /3 23 ?é‘\ Jﬁ .'3(;5‘ ,; £y
| l |
)
| M
, o L -
l!‘ L N A .o Rl o e L e T T o e g~ . . = TN e
] A [ 7. .
, I e /¢ 24 2/ ¥ 3t or
e |
! i i o TR T e [ .
; | ' e " - . N b
"""\_ .'w-ﬁ S ., - . Lo ba
T vty e ~ e Py e wet ";,a-\..'-'ﬁm
-z . -
20 :
J v Ly Al w3 oy i v

27 mene A7 i€ 519 Res 2 ['3 TIERE f;;o P ad s 730 mgen s ae /?-ﬁ:' $eE {.]MW e

o yarr w1 W3 b oy e ' - - 5
* ’2 o LA e . e g e A Tt T

|

Ao 2

3]

Ry

Q

T
)



LY
. %
. s v
kAN
g Ly
i g
T~ i {
i«
{ o
i .
4 Z
TR
W Ry
e R Y e
i o
w o
<o
§ — A
§ S
ATy L rra T, AT b A.Jél
vy
3 4
¢ e e
S
i & :
% ‘lﬁﬂl«‘ﬁﬁl\vg-\
)
L m-purormrdb et
m. =
A S - .
w &
X -‘V
%‘l’ﬁn’ o
oy
T
- .V.-llfs.Vl!lL..
4o
r ™
§ it
T pr—p—————— -~ Mﬁilll’n‘-!mi‘
r g
w.\u.l.
e
. A
PR
F m
nl.—n
e [ S w
LR !
e e +
L3 3 ﬁ. .
b er
i RS
o A
M_a >
2
ul i +
g ™
i3 |
: i
] w [ -
' £ "4
i SR
.w Ly
s S
IS ;
Drms H
- |
9illall.||.-l,.¢.11| 3
t
§ Y - -
- -
_ P
grrem— # emerererre
m,r “
1} ll.lI.-.lll!'nlﬂ.l.ll -
el e e LI [ . S
: ~
L TS S,
] 2
lllll -+ = o
- :Illl_-_ri.h.m;ri,,
{1 ‘e
— e e b e e
' e
DU | - e -
{ e
iiiiii x
]
Ill‘li%{t‘[‘-
, i
. ” \h
a [
Lo

A pe i

fe)
“

{

A /qﬂmwa /50 mmsee

{20 rosed

/L‘W rfes,

ﬁ’;ﬂw:s.tr;

b iC* e

o]

AL BER  QLTACT fLoR WePd SHOLE

SAMCAE L

e 2 A



39

R ROSTIpEEEP
! \ { ‘t ! 1 I} T
] ! —
SN £ oo A e .
!
AR SN I 2 AN BN 7\ 2o
¢ ! I \ t ' !
] ! l 2. 3 g°
-20 Q 20 2O 40 o
[ ! i | i !
I~ ; ) - :
] J= SR {\ N
M T |
i 2l IZZ 23\ 24| RS20 {27 L 2B {22180 3 |32 |33 |33 | 25136 |37 |38 |39 | w0 |4/ | g2 |45 | 92 | 5
3
i
; & 7 & g /o
'O o : .a':o
8L“ /la flza 1 f, /tfw /ﬁf?
[ .
. SYrve o & v
de VST FE L ¥T | SO v Sywe S S
; 17 /2 ’3 /& /S & ]
2 H
/80 200 220 o _2q9e 252
PRL TEPL SRER LUIRe P GEATNE PTG

Sz R



eSO

- ¢
o %
= -
AR VR At W i * & A Ed
. N ‘M‘ .
g r—wpn-w-" S paonn b : *u
i i £ e
{ E J S t
-
‘ — J— ]
v [ ‘ st i...nu“”
i
i : t
H
i \ ! \
%
3, f
\ ; . . |
) i .
. ' 1 + » i
' 1 r * i
A , i ~ i .
* t :?-"';’ e o - {o'ﬁ ;
-t t —p q}....._ B e I R L I ] 1 e e {
Fn. - -
i -
i "“*-\‘_1 - 4 .
‘ I H—— : 4 "o
H " - & 3 o= 4 j
N I R """‘Nh? et Aanad | P § "~ S ~ow @ i
1 Rt 5 Spwn i AR A bk, o b | anhul el o N e § R A 4 e ey v H
. - e anna & [P ——
.
, :
v
E
L}
! ] H 1 ‘. 4 [
1
: o - ‘ ‘ t !
i i
"“4 - 53 5 {- ‘
; 199 N i o sea tas
bt it et et s siattone S~ i o . —— J—— T S § s
B
3
e LT U A 'V‘ [N — st e oy -
H
. i i
R P g H
. L A€ j
O X ! ! i
— H [
‘rt'a ) e H .S—h-": ' Iv,:: i f:y‘, - i
1 | : | |
L T WP TS R o) - e £ -
t;
1 4 + 1 t
i M ] [ !
: ) p i ! 3 i
EFN o .t . ol :
"
e Bt & & ] ., oo @ -t
S gt b b b iy B e - - ‘-r PR TSI N, U s ouuer R R § [T S R A g
et
- u 3 -
Far FLG LR wis e Ve P ‘r-f’.r“ .-: SRS



L1

e

»QJ\ -
&
3
[

TN *W—N“WMM I

1 3
:r \ : B w?
v . i 1 N
. N . “ oz
T PR Ry PR o K. '}f * o3 BRI o b
. } ! : ]

e s
N~ \

' 1 J ' 2 - .
} ) ’ . \
N ' < H H i
35 - T o ~ f s ~Le TLE f mag o
LI T PR T T 1 o5 FES PRI -
1 " i el 2, ]

AP TEPLER D Sl e BFRTERPLR — JE0 M AU LRSS

FaS s



Ky

L

e

by

s e o

Flpy e

-

.
N

e
.

]

f

1

|

i

1]

i

T

:

i

w

M

i

3

e -

[ TR,

v e mrintn.

- dd e e w omm e e TR

cf

13

\
'
o
!

.

- I
A
o 24
-—— 3
.
- —
€ \ <
- AT
. &
e |
e .
B
Rl I
- a
2
N _ 1
P
o 1
R T ™~
- * - e
k3 -t
-
PSS 4
——— {
AT aT s S L
oy .
.
o
- -
Ty
¥ -
T T - = -
- ™ et
LY
o
- -
o -
- - e e
S e T
',(ll ——
TET N, -
- -
[
T k -
- v -
. T T T T L
R EOW
Tu
<
— T ——
e
Low e e
3
" -
~l\ ~
- —
—
\kautuunﬂu. Tu L ED T w T S [
Ttey e et A
> -
¢ -
™
P,
—v———
- m ey ma =T
-
- =~
- -
T e
e e R
AR PRGN o
. "%
- m
l.lJu..»lul
e, - —er 1
1
T . o
£ - p
P v e— -
o PR
fupeal <
- < - o
oy
- U -
-%a =_F
PR 3
- ]
L
»
[
| -
i - (3
t + >
2 .
-~ .
> .
=
1
|l.a +
o o+
* ‘.r
- P
33 .
3
& < “
~ ? |
: ]
-2 1
.
[
\ ]
- 1
-~ = P

-t

'olf’c' P

“... \ﬁ"{‘;

»
-
£

‘t{‘/"J e

POTT LI AP

™

[P e .

-
ﬂ L]
—— Y et
) m
B
»
2
5
T
v
[
o e
-~
i
¥
2
s
»
3

.
——
i

3
. ?
2
o
T A
o
+
;
H
H
£ ¢
L )
LR
‘
PRy o
-
H
1Y
L)
Tt

.;):L

“\u,ﬂ
~ow Sy
f."‘fhf_,)

g wxh
-.«94

’;’ Ho%

N - -
J4fu tZen

4
+

V‘i

3

5]
fay

L
<
fo

by



13
B, SINTHESIZER ANATYSIS

The synthesizer or reconstruction processor is somewhat the
reverse of The analyzer operation  The compressed signal is Ted farst
to vhe demulbiplexer via a 160 Hz low pass filter. The demultiplexed
outpus 18 passed through a bank of 20 Hz low pass filters, thus,
recovering the five speech parameters. A block diagram of the compleve
syathesis process is shown in Figure 33. The demultiplexing operation
15 shown in Figure 34 through Figure 38. Figure 3b shows a block
diagram of the demultiplexer. Figure 35 shows the mulbtiplexed analyzer
output as the wnput to the demultiplexer. The demultiplexer ovtput is
shown in Faigure 36 Thas output 1s fed through the bank of 20 Hz low
pass falters shown ain Figure 37. The outputs of these filiers, shown
in Figure 38, are the recovered speech parameters. By comparing
Figure 38 to Fagure 25, a degree of degradation to the speech parameters
due to the multiplexing process can be realized Hawever, it must bhe
kept in miad that the 1dea 1s somewhat over simplified.

The speech parameters of Figure 38 are the ones used to reconstruct
a replica of the original speech input. As noted in Figure 38, there
are five individual parameters (1) Fy s {(2) Al (2) Fe,g.(g)‘__éﬂfziand_,( 5.):‘E/V.
explanation and series of diagram Figures 29 through 49 to follow,

will show how a speech replica s formed from these Ffive parameters,



Lh

Considering parameter five first, and as 1llustraved in Figure 39,
the PltCh/UﬂVOlced (P/V) decision 1s fed to a threshold detector and
an 1nverting amplifier of unmity gain  The oubtput of the threshold
devector, as shown in Figure 40, 1s the unvoiced decision and the output
of the invertigg amplifier also shown in Figure 40, 1s the piitch, Iz
18 cbvaious vhy this 1s true.

Both of these oubpuss are fed to a pitch generator and noise
source The ouwput of the pitch generator i1s shown in Figure 4i., As
1llustrated, this output conbtains random noise and pericdic pulses.

The random noise represents unvoiced sound and the periodic pulses

represent speech pitch. Both of these signals in Their series occurrencé are

fed to two switch modulators along waith first formant amplitude and second
<

Tormant amplitude, respectavely. As a result of this operation, first and

second formant reconstruction begins.

Forment reconstruction 1s 1llustrated in the diragrams of Figures L2
through W7. The first forment is shown in Figurek? through M, and the
second forment in Figure 45 vhrough 47. Figure 42 represents a block
diagram of the first formant recoastruction process. The frrst formant
amplaitude parameter, the unvoliced decision and piétch are fed to the inputs
of switch modulator number one, as shown in Figure k3. The output of
switch modulator one, also shown in Figure 43, 1s a composite of unvoiced
sound and amplitude modulated piteh pulses, This outpubt is then used to
drive the first formant bandpass acbive voltage tuned filter (AVTF) and

LS

tracking low pass AVIF along with the first formant period parametex.
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The output of these two AVIF's, as shown in Figure 44, 1s unvorced
sound plus the first formant  The theory of recoastructing this formant
lies in the fact that the modulated pulses from the switch modulator one
cause the bandpass AVIF Lo ring and produce peraicdic damped sinusoids
t the same time, the ringing freguency 1s made to vary as a function
of the first formant period parameber Fl’ Thus, a5 a result of these
operations, the first formant i1s reconstructed

The seceond formant is reconstructed in the same mammer as the first
and 1s illustrated in Figure 45 through Figure 47. However, after being
reconstructed, it i1s combined with the first formant in a summing
Process.

This summing process is performed in a summing amplifier as shown
in Figure 48. The summed output, shown in Figure 49, 1s the replica of
the speech input. As 21llustrated, the signal contains noise representing
unvozced sound and a perrodic wavebraln representing voiced sound also
corresponding to the SH and OE in tvhe word "“shoe."

Figure 50 gaves a summary illustration of the synthesis process.

As shown, the :nput 1s the multiplexed output of the analyzer and the
processor synthesizer output is a replica of the analyzer speech input.

Finally, Figure 51 is a general summary of the complete processor
operation. The word "shoe" 1s provided as tﬁé analyzer input, It 1s
then processed, made Lo vary at a 160 Hz rate and used as the synthesizer
input. The synthesizer expands the compressed word and presents a replica
of the input word shoe as 1ts output. Thus, as a result of thas, the

processing operation is complete.



This concludes the picturial anmalysis of the narrow bandwidth
speech processor and it 1s hoped that some understanding of the system
operation has been achieved  The following section 15 & discussich

of applications of processor,
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IV APPLICATIONS

tudies in speech processing were initiated to find a means of
lessening power requirements for voice communicatlons from spacecraft
to earth. In the course of performing these studies, the general
consensus wes that 1f the bandwidth could be reduced, then transmission
power being a function of bandwidth, could also be reduced. Uander this
conseasus, the idea for the narrow bandwidth processor was conceived,
Thus, 1T was hoped that such a processor could some day be used as
spececraft flight hardware. To date, and in a general sense, this
seems possible for the developed processor, in two areas (1) narrow band-
w1dth, and (2) size-weight requirements. However, there remain factors
That st1ll must be carefully considered hefore some definite application
commatment can be made. In particular, the processor 1tself is presently
limited to laboratory tests and evaluations. Reasons for this lie
within the i1nitial development inteat, which was to demonstrate that
human speech can be transmitted within a 160 Hz bandwidth with an
acceptable degree of intelligibility. No attempt was made to optimize
intellagibality or to anclude voice quality. Also, no abtbempt was made
©0 eliminate a listener learning requirement that became obvious as a
result of the development effort. Thus, the output voice replica of
the processor is preséntly an unhumaniike sound that requires an adjust-

ment period for optimum appreciation.
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It should be noted that a significent achievement has been made
with the development of this processor., IF 1s a first and does exhibit
advancement to the state-of-the-art, Before, no speech processor existed
that reduced the speech bandwidth to 160 Hz and provided acceptable
intelligibilaty. However, for this system to be useful for the intended
application, 1lmprovements are necessary

The areas of particular interest are optimum Intelligibilaty, voice
guality and elimination of the dependency of listener learning. It i1s
very possible that from extensive studies of the existing breadboard
umprovements 1n these areas can be defined along wath establoshing
techaigques for implementation.

In conclusion, 1t is felt that the concept used to develop the
narrow bandwidth speech processor, 1s quite an advancement to the state-
of-the-art and can be developed to possibly achieve the intended appli-

cation. However, continued developmsent should make this a fact.
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