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Introduction

In the continuing search for new auditory sensations, a large number
of electroniec devices have been invented during the last twenty
years. It is surprizing that in all these endeavors for the exten-
sion of known sounds the human volce was more or less neglected,
nlthuugh many interesting and unusual sounds can be created, such

as speech allenation, articulation of noise and instrumental effect.
They may be achieved by a suitable combination of the human volce
with twe knoewn instruments, the vocoder and a synthesizer of other
sound source.

Sannhelser introduces the gdund #ffect vocoder, madel VBM 201, de-
signed for multiple applicatidns in recording studies, film and
TV preductions, for progressive musical groups and entertainers.
Many of the possible applications have not even besen tried yet,
but here are some of the most important examples:

1. Spaech or singing from extremely low to very high pitch from
simply spoken text, alse with unusual vibrato or alienated speech
melody.

2. Hoarse whisper made from sinping er normal specgh.

9. Articulating monophonic or polyphonic instruments.

4. Changlng one human voice inte another.

5. Multivoice polyphonic singing of a text spoken by one person.
6. Formant shifting (Dénald Duck veice) in real time.

7+ Volces with disharminic overtons spectiums.

8. Articulatlon of natural nolse such as talking wind, ctmplaining
moter, reminding bells, articulation of a nolsy crowd in a #ports
satadium,

9. Unheard of instrumental effects, @. g. porcussive organ.
10. Using the vocoder an a multifilter te select a freguency response

11. Generatiorn of speech-depondent contrel signals for other equip-
ment, @. g. light organs, aynthesizers, otc.

The term vocoder (voice coder) was coined as far back as the thir-
tie= by Homer Dudley. The basic function of cur vocoder here is cha-
racterized by an analysls of the speech which is fed inte the unit
from a microphone or a tape recerder. In a special filter bank, a
spectral analysis is performed and signals are developed which lndi-
cate the ambunt of energy in each channel. At the same time, anothes
analysis section tests if there are voiced or unvoiced sounds at
any pnrticuinr time. The second section of the vocoder consists of
a synthesis part which assembles the new synthetic speech from the
characteristie filter values mentioned atove together with an exter-
nal replacement signal.



Electronic musical instruments and synthesizers of all makes,
especially, the well-known Moog synthesizer, can be used as a
source for a replacement signal. The external appearance of
the vocoder, V¥3M 201, is matched in dimensions and design to
it together with the Moog studio eguipment.

Within ecenomically reasenable limits, the vegoder contains all
possible operating controls and signal eutputs in order to allow
a multitude of voecoder effects. As a specialty, our unit contains
a so-called pause-filling autematic which facilitates the arti-
eulation of natural nolse and makes talking musical instruments
possible.

The most important operating controls aret

i. Level controls for each spectrum chuhnnel for ecorrecting the
froguency respohse of the repilacemert slgnal and of the input
signal and also for adjusting a desirable frequency response
for the synthetic apeasch.

Z. Leval contrals for freguency-depending speech addition, reapeg-
tively adjustment of the multifilter.

3. Adjustment for the putomatic pause-fTilling through the vocoder
part.

k. Adjustment for the automatic pause-filling in Yypass position.
5. Defeat switoh for the volce-mode analysis.

6. Internal white-nolse generator with automatic level adjustment
to matoch the external replacement slgnal.

All operating controls are loeated on the front panel to follew a
logical sequence. Both signal inputs together with their switches
and pilot lights are located on twe vertical patels to the lert.
The controls for the processing are located on the large horizon-
tal pancls tov the rlght. The explicit labeling pormitas the use of
the vocoder without having to revert to the manual.

This operating instruction book is designed to assist in achieving
certain sound effects which depend on the optimum adjustment of

the varisus contrels. It is organized in logical steps which, after
only a opna-time study. would allow to work successfully with the
vocoder, even if you wse this instrument only eccasionally. As a
further help, you will find attached to this manual a number of
illustrations shewing the vecodar front panel. It is easy to

sketch the correct knob positions for certain effects that have
been tried out inte these illustrations. Using these charts, former
desirable effects may be reproduced. Additional front panel charts
may be obtained from your Sennheiser agency.



The basic control settings and short experiments described
herein shall serve the purpose of explaining the principal pos-
sibilities of the vocoder. We recommend to go through the
examples shown in this book but then to continue experimenting
on your own to create new sound effects.

For bsst results, it is essential that the operator of the vo-
coder have two talents: Technical understanding for the electro-
nie circuits, &s well as artistic creative capabilities. Senn-
heiser has found Mr. Heinz Funk, a man who combinés those pre-
requisites in an admirable way. In a cooperation with Mr. Furk
and Sennheiser engineers, the Sennheiser VSM 201 was designed.
Mr. Heinz Funk who is alse the Moog Studie Synthesizer agent
takes care of the marketing of the vocoder in East and West Ger-
many, as well as in Berlin.



231

Getting started

Dgar:tinnnl hints

The vocoder is & new electronle instrument and appears to be
rather complicated. We recommend te procesd according to the
following instruections. In this way, you will become familiar
with the various possibilities and you will find it easier to
experiment with the vocoder.

It is not necessary Tor the aperator o understand the techni-
cal functions of the vocoder completely, although it would
facilitate working with the unit. Technical explanations can
be found in Chapter 1 of this manual.

Firast and paramount fto remember im:

A Vocoder has only an Cutput,
§f there are twe Input signals.

Or, put another way:

Specch plus Replacement Signal
result in an Output.

Ffor the following examples, it is assumed that signal sources
such as microphones, synthesizers, tape recorders, and moni-
toring facilities such as headphones or amplifiers with loud-
speakers are available.



Fleasa refer to the fold-out table showing the various front
panels. The operating instructions will mentisn the numbers,
as well as the front panel labeling to make the ldentification
as easy a8 possible.

Panel for SPEECH OR SIGNAL INPUTS

PE OO O

LED Array: logarithmic modulaticn control for speech and
articulation input

LED indlicator: automatic gain control

ON/OFF switel for automatic gain control

Lén lights up when automatic gain control is switched off,
LED control lights up when the microphone is switched on.

Migrophone input switch

Micgrophone input receptacle for speech or signal. Balanced
200 @ impedance (1 and 3 - signal, 2 - ground)

Phone jack for line input, speech or articulation slgnal

Phone jack output for the envelope of the speech or articu-
lation signal



Panel for REPLACEMENT SOUND INPUTS

@

®@ © @ 0O

e GO 6 ©

LED array: linear modulation contrel fer veiced replacement
signal

LED array: linear modulation contrel for unvoiced replacemént
slgnal

LED lights up when the deteactor recogrires the voiced reaplace-
ment signal

LED lights up whin the detector racogrnizes an unvoiced replace-
ment sigral

VOICE MODE selector

Middle pesition: automatic awitching of the replacement signal
Right: UNVOICED GNLY

Left: VOICED ONLY

Belector switeh for elther volced replacement signal from the
built=-in impulse penerator or external replacement signal

Selector awitch to choose elther unvoiced replacement signal
from the internal level-contrelled nolse pererator, or, in
position EXTERN, input for unvolced replacement signal
Microphone input jack for veiced replacement sound

PINK FILTER switch ity upper position inseits u pink filter into
the signal path for the unvelced replacement signal. In the
lower position, the pirnk filter is off.

Summing inputs for volced replacoment sound slghals

Summing line inputs for unvoiced replacemont sound signals

Contrel voltapge output for ithe voice mode detector

Spme as line 21, however, inverted.



VARIABLE CHANNEL EMPHASIS

Panel for Equalizing the Vocader Synthesis

@

)
@

@
@

VARIABLE CHANNEL EMPHASIS, individual lavel controls for
the 20 synthesis channels

The LED lights up when the channel level controls are activated

Yocoder selector switch

Middle position: VODCODER OFF, synthesis out

Right position: VOCODER in normal operating mode, all synthesis
channels are eperating with preset level

Left position: Level adjustment of all synthesis channels via
their individual controls

LED lights up when the vocoder is in its pormal mode and the
synthesis channels are operating with fixed levels
°

AC=Power switchi @a On O = 0ff

SPEECH ADDITION/MULTIFILTER

aif"
@
@

00 © 000

SPEECH ADDITION/MULTIFILTER, individual level controls for
mixing of the 20 analysis bands

LED lights up when the speech or articulation signal bypass is
activated

BYPASS selecter switch

Mliddle pesition: BYPASS OFF, both ways

Right position: REPLACEMENT SOUND BYPASS for veoiced replacement
signals activated

Left position: HYPASS fTor speech or articulatlon signal is ae-
tivatod

LED lights up when the roplacement sound bypass is activated
BYPASS level controls for both bypass circults

LED lights up when adding or multifilter i® activated through
their individual controls

Selector switeh for MULTIFILTER OR ADDITION

Middle posltion: MULTIFILTER OR ADDITION OFF

Right positien: Addition via sum cantrol

Left position: Kddition or multifilter via individual controls
LED lights up when addition is routed through the sum control

SPEECH ADDITION sum control



S5ILENCE BRIDGING

Panel with Operating Controls for Pause Filling and Output Jacks

SILENCE BRIDGING, individual controls for the voiced pause-
filling signal

LED lights up when the pause filling is routed through the
individual controls

ARIDGING selector switch

Middle positien: Brildging off _

Right position: Pause-filling via sum control

Left position: Pause-filling via individual controls

LED lights up when pause-filling is routed through sum centrols
SILENCE BRIDGING: sum control for voiced pause~-filling signal

LEDs light up if there is sufflcient activity in the individual
channels

Output jacks for the channel envelopes of the 20 analysis chan-
nels

THRESHOLD level contrel for the speech/pause detector

LED lights up when the speech threshold detector is recognizing
speech

Output volume control

Output jack for a control veoltage derived from the speech detec-
tar

Unbalanced 600 @ ocutput

0 60 @@ © GG 6 @ ©

Balanced 600 I output

This operating manual is valid for vocoders with serlal numbers 13
and higher. Units with lewer serial pumbers do not have the balanced
output, the replacement =ignal automatic gain control amplifier and
the replacement signal bypass. The two first-mantioned cirouit im-
provement can be easily retrofitted, the bypass 1s much more diffa-
cult,

- 10 -



2.2 Basic Control Settings

Before starting to work with the vocoder, it is best to adjust all
the controls in the following manner:

OO OROG O 0GAG®GOO®O

AUTOCONTROL switch ON (upper position)

MIC switch OFF (lower position)

MIC INPUT SPEECH OR SIGNAL, connect & 200 £ microphone

VOICE MODE selector switch to AUTOMATIC position (middle poesition
VOICED switch to INTERN {(upper position)

UNVOICED switeh to INTERN (upper position)

PINK FILTER Off {lower position)

VARIABLE CHANNEL EMPHAS1S5, individual level controls 1 te 20 ad-
just to center position

VOCODER selector switch Off (middle position)

SPEECH ADDITION/MULTIFILTER, individual level controls 1 to 20
adjust to middle pesition

BYPASS selector switch Off (middle position)

BYPASS level conitrol in fully counter-clockwise position
MULTIFILTER OR ADDITION selector switch Off (middle position)
SPEECH ADDITION/MULTIFILTER sum control adjust to center position

STLENCE BRIDGING, individual level controls to counter-clockwise
position

BRIDGING selector switeh Off (middle position)

SILENCE BRIDGING sum contrel to counter-clockwise position
THRESHOLD control to counter-clockywise position

VOLUME control somewhat opened (9 o'clock position)

CUTPUT, connect headphone or mondtor

Connect mixer, tape recorder, monitor or similar to 600 G-sutput

Power switch On (8), voltage adjustment from 110 V to 220 V is
automatic. '

Next to the IF@ selector switches @ @ @ @ and ta the micro-

plione switch

there are LEDs which are recognizable from a larger

distance and signal the mode of wperation. The lighting up of thesse
LED= will Aot be further mentiened in the forthecoming text.

output

From nawn. whenever we refer to the output, we will only mention

Gr-ﬁagfse. the signal will be alse available at the un-

balanhc=d output

- 11 =



2.3

2-3-1

2.3.2

SPEECH OR SIGNAL INPUTS

Signal Path Contrels via Speech Bypusgs

Microphone switch ON (upper position)
BYPASS selsctor switch to SPEECH (left position)

Turn the BYPASS level contrel slowly up while talking into
the microphone. Leave the control in this adjusted position.

® OGO

The speech signal, as fed into the input of the vocoder, will
be present at the output while totally circumventing the actual
vocoder section. This will also check the connections to the
menitor.

Mierophone switch OFF (lower position)

®@e

Fesed a high-level signal source, e, g. speech or music from a
tape recorder into the input jack for line.

@E) This signal will now appear at the output and permits a check
of the connection of the signal source.

Level Control for SPEECH OR SIGNAL INPUTS

The proper function of the voceder depends very much on the correct
adjustment of the various signal levels. For this purpaose, the unit
is equipped with LED arrays CSD_nnd the AUTOCONTROL-LED for the
spovch or articulation signal.

Adjust the lavel of your signal that is connacted to the line in-
put (, in such a way that the AUTOCONTROL-LED will Just flicker
at the loudest part. Depending on the character of the signal, it _is
possible for the two red LEDs in the light-emitting diode array

to light up. LED (:) will show that the automatic gain control
amplifier is oparating properly, ensuring the best possible dynamic
for the SPEECH OR SIGNAL INPUT,

The automatic_gain control fer the articulation input can be defeated
with switeh (;3 in order to deliberately n#armudulifi. If the AUTO-

CONTROL function is switched off, the warning LED is 1it.

After setiing the levels for the SPEECH OR SIGNAL INPUTS, switch naw
(G)  BYPASS selector switeh to Off (center positien),

@ BYPASS level control toe counter-clockwili=e position.



2.4 Vocoder Mode

o.4,1 Vocoder Check with Internsl Replacement Scund

@EROE®O

VOCODER selector switch to NORMAL (right position)

Feed line input with a speech signel from a tape recorder or
use a microphone connected to the micrephone input

Microphone switch ON (upper position) when microphone is used
Adjust output volume eontrol to desired volume

The OUTPUT supplies now a vocoded speech signal with the pitch
of the built-in pulse generator.

2.4.2 Checking of the VOICE MODE DETECTOR

@

@

Switch VOICE MODE selector inte UNVOICED ONLY (right positlon).

Now, the vocoded speech will be derived from the nolse signal only
the volgce sounds "hourae'.

Switel VOICE MODE selectér inte VOICED ONLY (left position).

Now, the voecoded speech will be derfived from the pulse aerora-
tor only, i. e. unvoiced souhds such as F, SH, 5 will be genorated

from the lipe spectrum of the pulse generator and will sound un-
natural.

Ploase piote that all unveieed sounds must be proncunced in a
phonetic way, o. @.

vas BFFF is and not "EFFY
s+ BSSS ... and pot "ESSY

VOICE MODE selector switch to AUTOMATIC (center position).

1n this AUTOMATIC position, the VOICE MODE DETECTOR will deter-
mine the speech combination. Voiced sounds such as A, E, 1, 0O, u
{vowesls) will be generated from the internal pulse generator
while unvoiced sounds such as F, SH, § will be derived from the
internal white neise generatoer., The momentary position of the
voice mode analysis will be signaled by the LEDs and is bel
indicated by the light-emitting diode @ for voiced and @
for unvolcad sounds.

The voice mode analysis has beeri designed for human speech. In-
deponde of the frequency distribution of the input signal at
eithar @ or 6, the aralysie section switchea to ejther voiced
or unvéicad.

of the positron of ithe VOICE MODE selector switch

-

The VOICE MODE DETECTOR and LEDs (12) and (3 ﬂp:e_r@e independent



2.4%4.3 Vocoder Operation with External VoicedReplacement Signal

LINE INPUT FOR VOICED REPLACEMENT SOUND (both jacks are in
parallel). Feed with high-level replacement signal such as
a synthesizer, electronic organ, recorded natural sounds,
music, etc.

@ VOICED selector switch to external (EXT.)

@ theck the LED array for the VOICED replacement slignal for
modulation in such & wav that the lower red LED just starts
to fliecker &t volume peaks. An exact adjustment of the leval
for the replacement signal is important in order to obtain
the optimum dynamic of the vocoder. A built-in AGC amplifier
prevents overmodulation. The beginning of compression is in-
dicated by the upper red LED of the array "_.

ﬁi} 1f you want to listen and to judge the replacement signal,
put the BYPASS selector switch inte the REPLACEMENT SOUND
position (right).

Also

@ turn up the BYPASS volume control and listen to the replacement
sound. After that

(G0 switch the BYPASS selector OFF (middle position).

At this point, a decision about the use of the vocodrr must be made:

As you know, the vocoder can be used elther as a multimodulator or
to mlienate the speech signal. Both cases will be described in the
following. Please go directly to Chapter 2.6 for speech alientation,
if the multimodulator application is of noe interest at this time.

2.5 Multimodulstion

2.5.1 Basic Control Settings for Multimedulation

The sigrnal at the REPLACEMENT SOUND INPUT can be articulated by
means of apnother signal connected to the SPEECH OR SIGNAL INPUT,
This can btest be explained with the fellowing exanple:

@

Conneet an organ or synthesizer signal to the LINE INFUT
REPLACEMENT SOUND VOICED and play long-sustained chords.

VOICE MODE selector switch te VOICED ONLY (left).

Feed speech inte the mike input, or

feed a rythmically accentuated sound signal inte the line input
for speech or 2ignal. This can be any percussion instrument or

evern the human volce. For a first experiment, eimply knock
against the micrephone,

@@

Check the modulation %ith help of the LED array, adjust modula-
tion according to 2.3.2

©

Chec¢k the LED array for the voiced signal and control level
according to 2.h.3

®@



2+5+2

The output is now the signal obtained by multimodulation.

he articulation signal connected to the SPEECH OR SIGNAL INPUTS
or (8) will be analyzed by the appropriate vocoder circuit and

Tested with respect te volume and freguency distribution. The mea-
sured values {characteristic values of the twanty channels) influence,
in the synthesis part of the vogoder, the signal which is fed into

the REPLACEMENT SOUKD INPUTS d} . Inm our example, the organ as
the replacement signal can only then be heard when an articulation
signal is present. During the pauses of the articulation signal,

there will be no organ sound mudible. Remember the basic rule that
you must have a spsech input and a replacement signal in order to

get an output.

For stance, when the tonal range of the articulation input signal
at or (B8) i= changed (whistle into the microphone), only certain
filter channels, according to the pitch of the whistle, will be
opened momentarily with the result that only the corresponding par-
tial range of the organ tone will become audible.

On the other hand, i1f you use a cymbal as an articulation signal,
you will notice that its sound spectrum will open other channels
similtanecusly and that the organ sound will now be formed according
to the spectral and time composition of the cymbal,

During the experiments, you will netice that it is also necessary for
both mignala to coincide as far as their frequency distritution is
concerned in order for an output signal to be produced. A high tone
at the articulation input (whistle into the micraphong) can never
result in an audible signal, if the replacement input consistan of n
low organ bass. Therefore, our basic rule must be extended: Not only
{s it necessary that there be two signals simultaneously but aleo
that these signals be slmilar with respect to their spectral compo-
sition,

VARIABLE CHANNEL EMPHASIS for Egualizing of the lnput Signal

11 will pow be uriderstandable that a change in the total characteris-
tie of the articulation signal will influence the sound of the re-
placement sigrnal. if, for instance, the articulation signal at (f)

or s is rather muffled, x. ®. it has not enough high frequencles,
the Brgan sound connected to input (19) can alaso anly be reproduced
with fow overtones and will thorefore sound muffled. This undesirable
pound ecan, however, be nltered with help of the VARIABLE CHANKEL
EMPHASIS.

(:B VOCODER selector syitch to CHANNEL EMPHASIS (left position).

() VARLABLE CHANNEL EMPHASLS potentiometers can now be adjusted
indavidually., In our example, channels 1 to 10 snould perhaps
be individiually lowered while channels 11 To 20 could be in-
creased.

Remark: Do not turn a 1 1 contrnls@ té the fully opened position
in order to inerease the volume, since this will cause over-
modulation of the master amplifier. The wvolume in pesition
YVOCODER NORMAL to the right] and VARIABLE CHANNEL
EMPHASIS: | te the lefr) should be approximately the sam=.

- 15 =



2.6 Speech Alienation

2.6.1 Basic Control Settings for Speech Alienation

VOICE MODE selector switch to AUTOMATIC (middle position)
VOICED selector switch to external (downwards)
UNVOICED selector switch te internal (upwards)

LINE INPUT REPLACEMENT SOUND VOICED must be fed with a suitable
high-level inpui signal.

@eEG |

It ig advantajgeous for the following example to use a broadband
signal such as several pulse oscillators of a syfithesizer.

LED array for REPLACEMENT SOUND VOICED sheuld be checked for
proper modulatien, if necessary correct according to 2.4.3

VOCODER selector switch to NORMAL (right position)

@0

LINE INPUT SPEECH OR SIGNAL - feed with speech signal from a
tape recorder

®

Tho output will now supply the alienated speech. Make JTurther
exporiments with various sound sSoUrces.

It is customary to first receord the allepated apeech on a tape re-
corder and then to feed it into input (}{LINE}. Somatimes, 1t is
easior for optimizing the vocoded signal if certain test languape

is directly fed into the yocoder. For this purpese, use a microphone
directly i1nte MIC INPLT '

Since the human speech consists of mainly two different sounds:
VOICED and UNVOICED

we will need two replacement slgnals for the speech synthesia.

In order to pive the vocoded speech a certain natural effeet, it is
advantageous to use a replacesient signal for the voiced parts con-
sisting of pulse generators with a dense lihe spectrum, vwhile for
the unvoiced part, a noise signal is best. Also, both signals should
be similar with regard to thelr velumae. 1t is for whis reason that
the VS5M 201 uses an irtertial noise generator with automatic level
adjustment which matches the level of the noise signal automatic to
the voiced replacement signal.

signal {(obsorve LED array ), the level ef the internal nolse gene-
rator will also jputomatically be reduced;, as can he meen by observ-
ing LED array @

For instance, if you ruﬂuctha tevel of the external replacement

We want to repeat once more that only a broadband replacement signal

will result in a speech with high intelligibility. A simple sine wave
tone or the chirping of a bird are unsuitable as replacement =ignals

and will!l not result in intelligible speech.



4.6.2 VARIABLE CHANNEL EMPHASIS (Equalization for the Replacement Signall)

It is frequantly the case that the replacement signals do not have
ernough high-frequency contents and therefore the vocoded speech is
somewhat muffled. This can be changed by the VARIABLE CHANNEL EMPHA-
SIS Filters (@) :

&)
@

VOCODER selector awitch to VARIABLE CHANNEL EMPHASIS (left
position)

VARIABLE CHANNEL EMPHAS1S volums controls - can now be adjusted
individually, often as follows:

Channels 1 te 10 individually reduced

Channels 11 to 20 individually increased

Again, it is not possible te turn all controls @? all the way to
the right in order to lncrease the volume. This will lead te an over-
modulation of the master amplifier. The volumg should be approximately
the same in both positions: ODER NORMAL [ (29) to the right) and
VARLABLE CHANKEL EMPHARIS ( to the left).

2.6.3 PINK NOISE FILTER

In order to match the noise signal better to the voleced replacement
signal ns far as frequercy responine goes, the vocoeder ia eguipped
with a built-in PINK FILTER.

@

@

PINK FILTER ON (upper position)

Judge by listening whether or not uypveiced sounds such as F,
SH and 3 will fit better to the volced sounds.

The VOICE MODE aselector switch facilitates a classification of
the replacement signals' sound characteristices.

It is easter to judge the sound character of the replacement
sigrnals if the VOICE MODE saelector switch is alternated between
the VOICED ONLY and the UNVOICED ONLY position. After you have
made your decision, return the switch to the center poszition
AUTOMATIC.

2.6.4 EXTERNAL UNVOICED REPLACEMENT SOUND

For special alienation effects, it is, of course, also possible to
use extdrnal replacement signals for the unvoiced parts of the apaech.

® @@

®

UNVOICED switeh to EXTERNAL (downwairds)

LINE INPLUTI REPLACEMENT SOUND UNVOICED must be fed now with the
desired high-level replacement signal

Watech the LED array for UNVOICED REPLACEMENT SOUKD. 1f necessary,
correct lavel amccording to 2.4.3. The level automatic for the
internal noiss generator is, of course, not effective now.

PINK FILTER can be switched on, 1f deésired. 1t will also affect
an external unvoiced replacement signal.



2.6.5 Mixing of Replacement Signals

Both line inputs and the MIC inp @ sum voiced replace-
ment signals, while the line inputs sum unvoiced replacement
signals. This feature permits the connection of severel signal
gources without the need for an external mixer. Unusual speech
alienation effects ecan be generated, for instance:

®
®

Feed organ chords into one of the LINE INPUTS for the VYOICED
REPLACEMENT S0UND.

Corinset an sutomatic synthesizer signal to the other LINE
INPUT for the VOICED REPLACEMENT SOUND.

2.6.6 MICROPHONE INPUT FOR VOICED REPLACEMENT SOUND

@

® @ ©

© @6 6 ©

Connect a microphone te MIC INPUT REPLACEMENT SOUND VOICED.

A microphone cennscted here makes further effects possible.
Two examples:

Multimodulation with two acoustically separated sound sources

which ars picked up by two microphores nimultaneously.

Faed the sound of a percussion instrument inte MIC INPUT
SPEECH OR S1GNAL,

Feed an instrument of the brass, string or woodwind group or
a choir intoe the MIC REPLACEMENT SOUND VOICED.

Switch YOICE MODE selector switch to VOICED ONLY {left position).

Voice exchatige between two human voices.

The MIC INPUT for SPEECH OR S1GNAL will receive the articula-
tion, 1. e. one narrator talks or sings clearly a text.

The MIC INPUT for the VOICED REPLACEMENT SOUND is fed with the
melody., i. . another voice hums or sings the melody, for ln-
stance, Just with the sound "A".

VOICE MODE selector switceh te AUTOMATIC lcenter positionl.

VOCODER selector switch to VARIABLE CHARNEL EMPHASIS (left posi-
tionl.

VARIABLE CHANNEL EMPHAS1S volume controls can be adjusted indi-
vidually for optimizing the sound.

It is possible for a man to talk or sing with the voice ef a
womas er a child.



2.7 SPEECH ADDITION/MULTIFILTER

The speech addition respectively the multifilter circuits provide
additional signal paths from the SPEECH OR SIGNAL INPUTS to the
output. In contrast to the SPEECH BYPFASS, the multifilter signal
is routed through the AUTOCONTROL of the input amplifier and the
VOLUME control of the output.

2.7.1 Speech Addition

D]

T

MULTIFILTER OR ADDITION selector switeh to sum control (right
position).

SPEECH ADDITION/MULTIFILTER sum centrol is to be adjusted to
the desired volume.

The signal cenriocted to @ or will now be mized with the
vocoded signal.

If an otherwise very interesting replacement signal does not have
encugh highs, it is not very suitable for spoech alienation. With

the VARIADLE CHANNEL EMPHASIS | s it is mostly possible to corraect
such a deficlency. A freguency-deponding speech addition usually
helps.

Gy

@

Switeh MULTIFILTER OR ADDITION selector switeh to individual
controls [left position).

SPEECH ADDITION/MULTIFILTER individual level cantrols should

all be in counter-clockwise position. Then, starting with
channel 20, turn up the individual level controls and pdd some

of the high frequency content of the input signal at or
‘t.n the vocoded output signal. In this example, it may be
advantageous te leave channel controls 1 to 12 in their counter-
clockwise positions.

2.7.2 MULTIFILTER

Every chanrel vocoder posscsses an atalysis filter bank. The VSM 201

nllows to use these filters for eyualization purposes, independent
of the vocoder section.

&
@

@

Set VOCODER seleetor switel teé OFF (center position)

MULTIFILTER QR ADDITION seléctor switeh to individuwl controls
(left posttion)

SPEECH iﬂﬂlTIOHKHULTIFILIER - &8t controls to marked neutral
position.

@ or - Apply signal to SPEECH OR SIGNAL INPUTS.

SPEECH ADDITION/MULTIFILTER - adjust the individual level con-
trols to obtain desired fregquency reésponse.



2.B.1

Control Signals for External Eguipment

A large number of control veltages are generated within the vecoder.,
Some of these are connected to jacks at the front panel, since they
can be utilized to control other associated equipment. All these
outputs are short-circult-proef and the function of the vocoder will
not be affected by a short across any of these outputs.

Examples for the control of external eguipment:

Ewitching er pitch changing of synthesizer oscillators
Triggering of circuits at certain sounds
Control of frequency shifters

Light effects, "super light organ"

SIGNAL INPUIS er

Important: All control 318513 niduri\rcd enly from SPEECH OR

SPEECH ENVELOPE

The level of the input signal is monitored and a corresponding
envelope DC-voltage is available at the SPEECH ENVELOPE Jnck.
The output voltage from @ V to 7 V has a logarithmic characteristic
and corresponds to the perceived loudness of the audieo signal as
nleo indicated by the LED array .

2.8.2 SPEECH DETECTOR

The speech/pause detector clrcuit monitors the loudness value and
switch a control voltage, depending on an adjustable THRES-
eelvonay

The control voltage ia avallable at jack C:} and supplies:
during pause: - 11 Volt

during speech: « 0.5 Velt

These two veltage levels can be reversed by changing an intsrnal

solder connection.

LED (E% lights up when the circuil is in "speech" pesition.

T e



2,8.,37 VOICE MODE DETECTOR

The voice mode detector analyses the input signal with respect

to freguency distribution and decides between voiced and unveiced
gounds.

Of course, this applies to nen-speech input signals as well; law

frequency signals are classified as VOICED, high frequent signals
as UNVOICED.

At any one time, one of the following conditions will exist:
Voiced sounds or signals with bass and midrange freguencies:
(i) LED VOICED lights up

@) Jack VOICED: + 11 Volts

(€D Jack UNVOICED: + 0.5 Volts

Unvolced sounds, high-pitched signals alone or no signal:
(13 LED UNVOICED lights up

@ Jack UNYOICED: + 11 Volts

@ Jack VOICED: + 0.5 Volts

2.8.4 CHANNEL ENVELOPES

The Channel Vocoder VSM 201 has twenty individuml channels. The
level in each channel is monitored, rectifjigd and the resulting
envelops voltages are mvailable at jacks for control purposes.
These voltages are proportionate (linear) to the levels and range
from © ta 7 Volts.

LEDa (E@ signal the presence of froguencles falling inte the range
of the respective channel,

(:) Feed a microphone signal into MIC INPUT SPEECH OR SIGNAL

() switen MIC to ON
Speak clearly and sustained the vewel "a" as in "father'.

QEQ Several channel LEDs will light up indicating the most promi-
nent spectral distribution of this mound (channels 6 ... 11].
1f vou change to a different sound, such as "o!, as in "blew",
other channel LEDs will light up strornger (probably 1 ... 5}.

The areas of strongest snergy activities are called formants. Many
vowals have several formants, which may differ from persen to per-
son. Continue experimenting with other sounds, including consonants
such as F, 5 and SH.



2.8.5

This feature of the vocoder can be used to change the tuning
of a synthesizer's oscillator or to control a light ergan,
depending on the pitch of the input signal, be it speech or
music.

Combination of Control Signals

Combirning several control veltages to influence external equip-
ment, such as synthesizer VCAs, synthesizer threshold controls
and similar circuits, allows to distinguish between even more
spesch details, e. _g. VOICE MODE DETECTOR &§§ together with
CHANNEL ENVELOPE (E% of channel 19 recognize the consonant "Z',
but, with ehannel 1%, the censonant "SH'.
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2-9.1

SILENCE BRIDGING with Speech Alienation

The vocoder makes it possible to use natural sounds with human
articulation. Some examples are:

Whispering wind

Complaining engin

Reminding church bells

Commentary of a drilling press

Thoughts of a pack of dogs

Artlculation of a roaring crowd

Speaking dorgah, etc.
It is, however, not sufficient to connect the real neise into

the replacement input and the speech into the articulation input,
as can easily be learned from the following example.

Basiec Experiment

We suggest the fabrication of a two-channel tape loep for the
following experiment: Hecord a noise on track 1, such as an
electric hand drill with different lomds, church bells or a
gimilar noise, while on track 1l; a speech signal should be
recordad.

MIC switch OFF (lower positieon)

VODICE MODE selector switch to VOICED ONLY (left position)
VOICED selectar switeh to EXTERN

UNYOICED selector awitch to INTERN

LINE INPUT REPLACEMENT SOUND is now fed with the noise from
the tape, track 1.

®@ PO

LINE INPUT SPEECH OR SIGNAL is fed with a speech sigrnal from
track II of the tape.

and Check the LED bar indicators and adjust the modulation
according to 2.3.2 and 2.4.3

VOCODER selector switch to NORMAL (right positien)
BYPASS OFF (center position)

MULTIFILTER OFF (center pesition)

BRIDGING OFF (center position)

THRESHOLD adjustment in 9 o'clock position

eeOOOO® ©

Connect a moniter



2.9.2

Now, you will probably hear a very interssting speech alienation,
however, real noise will be difficult to discern and the intended
effect will not be quite believable,

The explanation for this is quite simple. The speech consists of
very short articulation phases with many pauses between the words
and the syllables. The short duration of the speech phases is not
sufficient to identify the noise clearly. As we already know,
there will only be a signal at the output, if there are twe input
signals present, namely the speech and the replacement signal.
Short noise events from the bells or from the Hand drill are
simply not sufficient to produce the effect. It is essential for
the replacement signal to become audible also during the articu-
lation pauses. This automatic mixing of the replacement signal to
the vocoded speech signal is called SE1LENCE BRIDGING - pause filling.

Adjustment of Pause Filling

In oerder to produce the desired effect, e. g+ n talking drilling
machine, it is necessary to match the pause filling signal to the
vocoded speech signal, These additicnal requirements are:

sultable volume
correspondling frequency responae
ogqual phase response

The easiest way to satisfy these conditions is to route the re-

placement signal during the speech pauses through the filter of

the synthesis part of the vocoder. Let us get back to the former
axample:

@ VOCODER selector switeh to VARIABLE CHANNEL EMPHASIS (left
position).

VARIABLE CHANNEL EMPHASIS - adjust the individual wvolume
controls to optimize the vocoded smpoech.

BRIDGING selector switch to sum control (right poasition).

Start the tape loopl

©ee ©

SILENCE BRIDGING sum control - slowly increase level until
pause-filling effect becomes audible.

The pauses will now be filled with the filtered replacement signal
and the intended effect should be readily achievable. There are
four methods by which pause filling may further be optimized:

Mateh volume and egqualization of the pause filling signal
with the vocoded speech signal (see 2.9.3).

Readjust the THRESHOLD of the SPEECH DETECTOR (see 2.%.4).
Add the VOICE MODE DETECTOR (see 2.9.5).
Vary the volume of the speech signal (sse 2.9.6]).

The seguence of tHis oplimizing effect can be chosen arbitrarily,
however, we will describe this procedure in the above ssgquEnce.



2.9.3 Egualization and Volume of Pause-Filling Signal

2-9-“

@ BRIDGING selecter switeh to individual controls (left peosi-
tion).

(37 SILENCE BRIDGING individual controls should all be brought
into the same position as the sum control @ .

. Switch off track II of the tape recorder or simply pull the
connector at LINE INFPUT (). Now, you will enly hear the
pause-filling signal. Note the sound impression and judge
whether it is dull or bright compared to the vocoded speech,

Switeh on track 11, respectively reconnect the plug,
BRIDGING selector switch to OFF (center position). Now you

will hear the already cptimized speech signal only. As before
take note of the sound impression.

®@ ©e

BRIDGING selector switch apain towards the individual con-
trols (left position).

STLENCE BRIDGING individual controls are now adjusted indi-
vidually in order to match the pause-filling signal to the
speech signal with respect to volume and frequency response.

®

This entire procedure should be later réepeated when all other
possibilitien of optimizing pause-filling have been tried.

SPEECH DETECTOR When Pause-Filling is Used

An previouvsly mentionaed, the specch/pause detector measures the
typical volume of the speegh input signal and decides, up to a
certain adjustable volume, what will be regarded as pause and what
is speecch.

In the pause mode (LED @ is not lit), e pausé-filling signal
will be mixed with » preselected volume -

In the speech mode (LED (3 s 1it), the pause-filling will be
controlled frem the characteristic valume of the speech input sig-
nal. This control is inversely proportional to the input volume.

At large speech levels, no pause-filling will take place and the
epeech articulation will be unhampered.

With smaller speech levels, a certain pause-filling is present
and, therefore, the articulation might suffer. When the spesch
level decreases even further, the detector will switch to the
pause mode with resulting pause-filling without audible articula-
tion.

(i3 vary the THRESHOLD control and take note of its influence.



2.9.5 VOICE MODE DETECTOR When Pause-Filling is Used

For the pause filling, the YOICE MODE SELECTOR switch @ Was
this far in position VOICED ONLY,

With certain replacement signals, the unvolced sounds in the
vocoded speech may not be quite satisfactory.

Switching betwesn the chosen replacement signal and a white noise
frequently destroys the desired effect. It is, for instance, not
coficeivable that the harmonies of the bell sound are capable of
synthesizing a sharp "a", Thercfore, the voice switching of the
vocoder must operate differently. In positiens BRIDGING-individual
‘controls and BRIDGING-sum contrel, the hiss or an unvoiced replace-
ment signal will be mixed with the voiced replacement signal, pro-
vided the following conditions are met:

VOICE MODE DETECTOR to UNVOICED, (13) lights up

SPEECH DETECTOR to "apeech', @ lights up
BRIDGING selector swltch @ to individual or
sum control

@ VOICE MODE selector switch to AUTOMATIC

@ THRESHOLD control should be corrected since this will now
influence the white nodse addition

PINK FILTER can be switched on, judge its effect.

Additional Remark:

The VOICE MODE switeh G:) can also be switched to the VOICED ONLY
position. In this case, the addition of white noise is always
implemented when the SPEECH DETECTOR is in the speech position.
These possiblilities will be deseribed again in chapter "Addition
6f unvoiced migrialas in vecoding mede! (2.1%.1):



2.69.6 SPEECH INFUT Level When Pause-Filling is Used

As mentioned in chapter "SPEECH DETECTOR when pause-filling is
used", the amount of pause-filling and with that the hiding of
the articulation dpends upoen the size of the speech input level.
Reduce speech level (track Il).

Leavé replacement signal at its former lavel (track I).

Significant pause-filling will now beconme audible even during
the articulation phases and the intelligibility will be reduced
ifn faver of an undisturbed replacement signal.

This effect may also be reversed:

(3) AUTOCONTROL switch OFF, LED (@) 1ights up as a warning, since
this is not ope of the usual operating modes.

Increase speech level (track I1IJ.

Leave replacement signal (track I) unchanged.

Now, there will be no pause-filling signal during even the low-
lovel articulation phases of the speech, since there will be no
pause-filling starting with a certain level. A further incrense
can therefore not initiate any changos.

Repeat all aforementioned settings for paune-£filling and attempt
to further optimize the desired effoct.

c:> AUTOCONTROL switeh - seturn te its normal position.

- 27 =
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2,10.1

SILENCE BRIDGINKG for Instrumental Effects

In the previcusly mentioned examples, we concentrated mainly

on the speech intelligibility in cenjunction with pause-filling.
Choosing pause-filling in instrumental effects, it is important
that the sound characteristic eof the instrument to be articulated
will not be changed in an undesirable way. Therefore, a few de-
viations from the adjustmenta are essential.

Pause-Filling Via SILENCE BRIDGING

Firstly, a decision must be made whether or not the instrument
signal should be routed through the vocoder synthesis part. OfF
course, there will be drastic effects with regard to phase shifts,
amplitude and frequency characteristics caused by the comb fil-
ters of the synthesizer., Adjust the controls as follows for wveri-
fication:

LINE INPUT REPLACEMENT SOUND VOICED - feed with high-level
{instrument signal, or

MIC INPUT REPLACEMENT SOUND VOICED - pick up instrument
through a mlorophone.

AUTOCONTROL switch ON.

VOICE MODE sélector switeh to VOICED ONLY,
VOICED selector switch to EXTERN.

VOCODER selector switch to KOHRMAL.

BYPASS OFF.

MULTIFILTER OFF.

BRIDGING te sum centrol (right pesitionl.

S1LENCE BRIDGING - turn up sum control to approximately
12 o'clock positien.

® OO0 @ G

THRESHOLD contral - to 9 o'clock position.

Now judge the sound characteristie of the instrument. If the
changes in sound can be tolerated, pause-filling can be initlated
through the SILENCE BRIDGING cireuilt, i. o. via the vocodaer syn-
thesis.

Further optimizing can be performed with the THRESHOLD con ol (ED.
VOICE MODE switch and the VARIABLE CHANNEL EMPHASIS (25 a
degeribed before.



2.10.2 Pause-Filling Via BYPASS REPLACEMENT SOUND

Should you wish to observe the sound of the instrument without
its being influenced by the vocoder synthesis, proceed as follows:

-GE? BRIDGING selector switch to OFF {eenter position)
(39 BYPASS selector switch to R. SOUND (right pesition)

@ BYPASS leavel control - turned up.

The two sound impressions, via SILENCE BRIDGING and via BYPASS

can be compared by meang of momentary simultaneous switching of
both switches and « 1f there are fnranct in volume,
matching should take place with ceontrols éé and respectively.

@ respecvively (8) SPEECH OR SIGNAL INPUTS - feed with articula-
on signal, ®. 9. with instrument or velce, however, pot speech.

As long as this articulation signal is pet present, you will hear
the instrument. As soon as an articulation signal is fed into the
unit, the instrument will become audible in multimodulation mode

through the vecoder synthesis. Optimizing of the sou is now
possible by switching on VARLABLE CHANNEL EMPHASIS {?? and

VOICE MODE selector switch Ei?. 1t should be noted that again a
switehing between VOICED and UNVOICED sounds will take place, as
during neormal vocoder operation.

9.10.9 Additlonal Switching Possibilitiues

If the UNVOICED signal is to be added to the VOICED signal during
the UNVOICED passages, proceéd as follows:

@ BRIDGING selector switech teo sum cohtrol (right position)
C:b BRIDGING sum control te counter-clockwise position.

(]; THRESHOLD - experiment with the control.

With this setting of the centrol, the very interesting effect of
the speaking organ can be realized, In addition, it is possible to
fill the pauses via the BYPASS as well as the SILENCE BRIDGING
circuit and further sound variations will result.

In deviation of the regular vocoder function for all pause-filling
effacts the following applies:

Without an articulatien sipnal beipo fed into inputs @ o .

the replacement signal (R. SOUND) will become audible in the adjusted
way. 1f an articulation signal is applied now, the replacement

signal will be reduced in volume depending upen the level of the
articulation signal and the replacement signal may be substituted

by the modulated signal of the vocoder synthesis.




2.10.5 BYPASS REFLACEMENT SOUND Without Pause-Filling Effect

If the automatic control of the BYFPASS R. SQUND is not desired
or if the same is too noticeable, a potentiometer at the back
of the vocoder permits & reduction of this effect.

2.11 Further Effect Features

2.11.1 Additien of UNVOICED Signals in Vacoding Mode

As we already know, the VOICE MODE DETECTOR analysizes the fre-
quency distrivution of the input signal at the SPEECH OR SIGNAL
INFUT and switches the two replacement slignals according to the
recopnition. Sheuld it be deslrable, for a certaln sound effect,
to mix the VOICED and UNVOICED during the UNVOICED phase, set
the dontrols as follows:

@) or 'SPEECH OR SIGNAL INPUTS - preferably apply a speech signal

LINE INPUT REPLACEMENT SOUND VOQICED - feed with a synthesizer
signal

@

LINE INPUT REPLACEMENT SOUND UNVOICED - feed with an additional,
¢. p. hissing, synthesizer signal

VOICE MODE selector switch to AUTOMATIC (center position)
VOICED SELECTOR switeh to EXTERN (lower position)

UNVOICED switch to EXTERN (lower position!

VOCODER selector switch to NORMAL (right position)
BRIDGING selector switch to sum control (ripht position)
SILENCE BRIDGING sum contreol to counter-clockwise position

THRESHOLD control - try for best result bestween counter-cleck-
wise pasition and 9 o'clock

QUTPUT supplies the above described mixing of the two replace-
ment signals under the following conditions:

LED UNVOICED is lit

@0 @ POOOREE ®

LED THRESHOLD signalizes =speech

= 48 <



2.11.2 Using an Additional Frequency Shifter

In econjunction with an external frequency shifter, a number of
other interesting alienation effects may beé achieved., The shifter
can be connected to the signal path of the SPEECH OR SIGNAL INPUTS
or to the REPLACEMENT SOUND INPUTS with quite a difference in
results.

Yoice Change Thrbugh Shifting of Formants

Adjust shifter to O shift.

Connect a speech signal from the tapo recorder to the shifter input.

©ee 0 @O

LINE INPUT SPEECH OR SIGNAL - connect to shifter output

LINE INPUT REPLACEMENT S0UND VDICED - econnect to a sultable
synthesizer output

VOICE MODE selector switch to AUTOMATIC
VOICED mswitch to EXTERN
UNVOICED switeh to INTERN

VOCODER selector switeh to NOHMAL or also VARIABLE CHANKEL
EMPHASIS

MULTIFILTER OFF
BRIDGING OFF
At first the OUTPUT supplies the alienated speach with correct

articulation. Now, sléwly engaging the shifter will change the
character of the volce with increasing shift.

Replacement Signal Modification by Means of a Freguency Shifter

Usually, musical replacement signals are characterized by a harmonic
spoctrum. It is possible to use a frequency shifter to generate a
nonharmonic spectrum which is suitable as replacement signal for

the vocoder and will result inte a quite unusual effect.

= Y=
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3.1

Technical Section

History

In part 2 you have become acqualnted with the operation of the
vocodar, as well as with the more important vocoder terms and
interesting effects. In an effort to even btettar understand tha
many applications, it is advantageous that the actuanl function
of the vocoder be understood intimately.

Origlnally, vocoders wvere dasigned for speech pompunication pur-
poses. The process begins by analyzing the speech and sarting

it acecording to the number of compenents or characteristic speauch
values. Theso characteristic values are then transmitted through

a telephone line or a wireleas transmission chain to the synthesizer
part of the vecoder in which the characteristic values togesther
with n sultable replacement signal are used to generate a synthetlc
speech with excellent intelligibility, see illustration 3. The
sdvantage of this complicated procedure must be seen in a saving

of required bandwidth, justifying the expense for the complicated
clreuits at both ends of the tranamiasion path in certain instances.

It has buwen known for some time that varleus replacement signals
may be used to obtain very interesting vocoder effects. However,
only with the availability of electronic musical instruments, such
aa syntheaslzera and slectronlie organs, accoss to a wida variety of
roplacement signals has become a reality. At this stage, the time
had eome for the develeopment of specinl sound sffect vocoders,
such as Sennhaiser model VSM 201,

Human Yolce

For a better understanding of the vocoder principle, it is helpful
te take a clower leok at human speech generation, The various human
sounds may be grouped ints two major categories: voiced sounds such
am A, E, I, O, U and unvoiced or hissings sounds such as F, 5H, E.
The unvoicetd sounds should he pronounced here in a phonetie way,

e. @

«+s FFFF ... and pnot "EFF"
... 5888 ... and pnot "ES8".

While forming s voiced sound, the vocal corda interrupt the stream
of alr pericdically and generate triangularly-shaped pressure pulaees.
The number of interruptions per second, respactively the seguence

of the pulses, determine the misical pitch of the volced sound. This
is the so-called basic melody or melody frequency. With loy-bass
voices, this freguency is located at around A0 Hz and may resach up
to ovar 1000 Hz with a female soprano. Normal melody freguencies for
males and females encompass & range from about 90 to 400 Hz.

Aside from the fundamental freguency, the pressure pulses from the
veeal cords contain many harmonics of up to ovar i kHz which can
graphically be shown as a line spectrum in an amplitude wversus fre-
guency diagram.

= 38 -



3.1

The cavities in mouth, throat and nose areas can be regarded as
filters which selesct certain parts of the vocal spectrum in
arder to form the typical characteristic harmonics of the indi-
vidual voiced sounds, see illustration 4 apnd 5. The fregquency
response can be easily deplcted by an imaginary envelope curve.

Significant freguencies with concentration of energy are called
formants. They are very similar for both the female and the

male voice. Howswver; on account af the higher female fundamental
voica, the spectrograms differ noticeably by larger distances

of the harmankes.

The vocal cords are not activated for unvoleed sounds and the air
stream can pass unhindered. Hissing soupds ars genarated by air
turbulence stiking mouth, tongue, teoth and lips. They can be
thought of as speclally filtered white noise with typical anve-
lope curves for each individiual unvoiced sound, Here, no charac=
teristic differonces betweon male and female volces exist. Explo-
sive sounds such aas "P'" will not be discussed at this point.

Principle of Vocoders

Almost all vocoders have an analysis section, as shows in the
block diagram of itlustration 6. Thera are usually three major
parts: spactrum analysis, volece mode analysin and melody analysis.

By suitable means, the spectrum analysis determines the raal time
envelopa of speoch asunds, peceording to illustrations  and S. A
large number of characteristic spectrum values (ehannel anvelopes)
are supplied which can be regarded as coding for the position of
mouth, nese and throat filtern.

The VOICE MODE DETECIOR determinas whather or not vocal cords are
pecillating or if these permit the air stream to pass freely, 1. .
whether the sound is voiced or unveiced, The output of the volece
moda analysis supplies a Yos/No-signal (VOICED/UNVOICED) lndicating
ihe actual throat function at any time.

The melody analysis determines the fundamental frequency and
supplies the eharacteristic malody value, the piteh.

The synthesis 1= o reversal of the analysis procedure. Thero are
four main ssctions: spectral gynthesis, veice mode switcher,
impul=e generator and hiss generator.

- }}_



in the case of & communications wvocoder, the basic frequency aof
the impulse generator is controlled by the characteristic melody
value. Together with the hiss gensrator, an imitation of the
human larynx is providsd. In contrast, it 15 not necessary for

a sound effect vocoder, which is used fer purposes of speech
alienation, te analyse the characteristic melody value (pitehl,
since a voiced replacemsnt signal will be used in lieu of the
aforsmentioned impulse gensrator. Usually, this signal is taken
from o synthesizsr or an electronic organ which will now deter-
mine the pitch of the synthetic volce.

The volee mode detector will control the veice mode switeh which
alternates betwean the voiced replacement signal source and the
unvoiced roplacement signal source, usually a hiss generator,

The spectrum synthesis is derived from the replacement sound and
the spectral enveleopes. Thus, the spectrum syntheawis im an fmi-
tation of the human mouth, nose and throat filters.

Baslien of a Charnel Veocoder

A numbar of different circults are Known %o perferm the varlous
functions of the building blocks of a vocoder and the development
for nev clrcuits is stlll in progresn. Thd various vocoder typoes
are classified according to thelr method of spectrum analysis.

The voecder introduced by Dudley belenge te the group of channal
or filterbank voecoders. Semnheiser vocoder, model VSM 201, egually
belongs to this group.

Signal processing of o chatnel vocoder im ahown in illuatration 7.
An AGC amplifier supplies the microphone signal to a set of chan-
nel filters, the so-called filterbank. Each one of these band
pass filters analyzes a mmall porticon of the speech spectrum. The
number of filters in actually built vocoders may vary between ten
{an ln the Dudley vocoder) and twenty-four and more.

The larger the number of filters, tho better the accuracy of ana-
lysis and guality of reproduction., On the other hand, the circults
bocome more elaborate and expensive and, in the case of commint-
catlons vocoders, the requlred bandwidth will be increased.

Sannhielseyr’ = sound affect vocoder contains tyenty channels, assuring
excellent roproduction quality and reasonable cost. Illustration 8
depicts the frequency response of the individual channel flilters.
These are followsd by tvo-way rectifiers and a low-pass filter far
each channel. The lewsr fregquency of these channel low-pass filters
is in the range of 20 Hz to 50 Hz. This low-limit frequency ls=
tolerable since the human spesch cannot change faster in view of

the relatively wlow muscle movements of mouth and throat reaglion.

The cutput voltages of the low-pass filters are the characteristic
channel valued of the coded speech signal.
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It may be helpful to look at =ome gecilloscope pictures showing the
signals at various junctions between the building blocke of illu-
stration 7. The amplified microphene signal, prier te entering the
filterbank, is shown in illustration 9.1. What we see here is the
beginning of the German way of pronenciating the word '"bass! simi-
lar to the English word "but". The "a (English u)" contains a domi-
neering formant in the range of 300 te 1000 Hz, as per illlustration 4.
The analysis filter of channel 6, with a middle frequency of appro-
ximately 700 Hz, will encompass thie range and supply = high output
voltage during the sound "a (English ul!, as depicted in illustra-
tion 9.2. The amplitude modulation caused by the fundamental speech
freguency can bhe easily recognized, approximately 2.5 divisions on
the scope Berean. Negative half waves are ramaved by a subssguent
rectifier (see illustration 9.3}. Then tollows the channel low-pass
filter which removes the AC contents of the signal and supplies the
characteristic channel value, as shown in illustration 9.%. The low-
pass filter suppresses the speech channtl of 700 Hz to a large extant
and will somewhat affect the modulation with the fundamental aspeech
fregquency. However, the envelepes of the speech channel #ill remain
as dasired., Please note the increass in veltage at the bepinning of
the sound "a {english u)". All other gharacteristic spectrum valuea

are functioning similarly and will therefore not be further dis-
cusned.

The synthesis ia a raverasal of the analysis procedure. Harae, the
voiced signal (Illustration 9.2) consints of needle pulses with a
repeat frequency correspending te the fundamsntal speech fregquency,
again, approximately 2.5 divisions., The followling circuit modilates
the amplitude of thesa pulses, according to the characteristic chan-
nel values, illustration 9,6. The modilated impulmes contain a
broad harmonic spectrum from which each channel filter of the ayn-
thesis part will derive a synthetic speach channel {9.7) whieh will
be very slinilar %o the cutput signal of the analysis filter. Ploanse
compare illustrations 9.7 and 9.2. In the following mixer, partial
tunds from all channels will Be added to result in the complote
synthetic speech, illustration 9.8, The oscillogram looks quite dif-
ferent from the oripinal speech signal which is causod by phase
shifts and certain inaccuracies of the voceder principle {compare
{llustrations 9.8 and 9.1). The synthetiec speoch is still easily
understood, since all important formants, assential for intelligi-
bility, are accurately retained.

Voice Mode Analysis

There are various methods for the voice mode detection: Most modas
differ with regard to their spectral distribution. Frequency-depend-
ding filtering can be umed. VYolced sounds always have a higher level
in the fregquency range of up te 1.5 kHz, as pompared to the rarge
above 4 KkHz. The exact opposite ls true of unveiced sounds.

Of the varlous posaibilities for the wvolce mode detection, one is
espacially suitable for the vocoder, VSM 201; Our detsctor circuit
compares the characteristic value of a high-frequency channéel above
5 WHz with that of a partiecular low-frequency channel below 1 kiz.
The circuit fiunctiens very reliably, especially, if there iz a
VWroad-band speech sipnal, as in thi=z case.

- gE



3.7

Melody Anplysis

In & sound effect vocoder, the pitch of the synthesized voice is
ususlly determined by the replacement signal. Therefore, a melody
analysis is not necessary and is mentioned only at this point for
the sake of completeness,

The melody analysis determipes the actual fundamental frequency
out of a very complex speech signal. Again, there are various
possibilities to do this. The best-known procedure is based upon
direct Filtering of the fundamental wave by means of a low pass.
On account of the different gliding changes between individual
sounds, all Known procedures do eccasionally cause wWrong detection
af the fundamental freguency which leads to quallity deterioration
of the synthetic speech. Therefors, additional logle elreults are
required which recognize wronpg test rasults and make the necessary
corrections.

Explanation of Bloek Diagram

The extensiva bleck diagram of the vocoder, VSM 201, is dopicted
in illustration 10. 1t is rather complicated and probably suitable
only for those readera who aro familiar with the study of block
diagrams and who, in addition, are very interestad in learning
about the technology of the vocodesrs in extensc. Therafore, the
following explanations have been limited te the asnontials. In
addition, saome of the LEDa, switches and potentiometers are not
il1lustrated and labeling, such as B 100 atc., refer to subassemb-
lies of the unit.

Speech or articulation signal are fed to a microphone or line
input and subsequently routed through an AGC amplifier which pre-
vents overmodulation of the following vocodar channels. The twenty
spoctrum chavnoals are arranged in the already Known manpor:
channel filter, roctifier, low pass, modulator, channesl filter

and mixer., Channel control potentiometers PV 1 to PV 20 are aituated
tehind the synthesizer band filters and thus afford a fraguency
responue tcquallzatlion of the vocoded pignal. The vocoder selector
switch 5V permit disabling of the vocoder synthesis for eperation
of the unit ns multifilter. The channel epnvelopes are available at
the output jacks KK1 to KK 20, Each one is associated with an LED
which starts to lipht up at approximately 20 aB full modulation

of the channel. A final amplifier with volume control PG constl-
tutes the output of the vocoder.

The outputs of the analysis filter supply a second mixer, via multi=
filter controls PM 1 to PM 20, The amplifier selector switeh SM is
locatsd before the volume control, The speech signal bypass centects
the spesch or articulation input with the output, typassing the
volume control. The signal path contains the level control, PB, and
the bypass selector switch, SB. The replacenaent signal bypass is

the connmction betwhen voiced replacement signal input and volume
contrel. In addition to level control, PE, and bypass selector switch,

SE, a modulator for pause-filling is provided. More about pauses
filling later.



The voiece mode anslysis is performed by comparing the charac-
teristic channsl value of channel 19 with that of a special
channel O, containing a low-pass instead of a band-pass filter.
A comparater is used and its output represents the voice mode.
The output and the inverted output o6f the comparator are
accesslbls at the two voice mode datecter jacks, each eguipped
with a signaling LED. Normally, the voloce mode signal controls
the nutomatic voice mode switch which connects the voiced re-
placement signal to ths channel modulators during the voiced
phase, and of the articulation Input signal, respectively the
unvoleed replacement signal during the unvoiced phass of the
articulation input asignal. The voice mode selector switch, S5,
allows to defeat the automatic and to keep either of the re-
placement signal sources connected at all times.

Mostly, the voiced replacement signal is supplied from an ox-
ternal source. An AGC amplifier preventsa overmodulation of the
synthesis section. The internal pulse generator maraly aerven
for testing purposps, while the internal Hiss generator is

very suitable for all regular speech alienatlon applications.
The hiss level is automatically matched to the woiced replace-
ment signal by means of a4 rectifier and modulator. Freguency
distribution of the Hiss can be altered with a switchable pink
poise filter. For certain effogts, an exterfal unvelced replace-
ment signal may be used. An AGC amplifier is built in for this

purpoae to Nupply a proper slgnal level to the voice mode
switcher.

A rectifier without prior filtering produces the speech anvelope
respactively the characteristic level valus, This Ils connected
to a jack, to a logarithmie amplifier for pause-filling and to

a comparater, the speech/pause detector. Its output is available
direct and inverted. The threshold for spesch/pauss datector is
adjustable [(PS). An LED signals spesch stage of the detecter.

The lopgarithmic amplifier ls followed By an analog inverter which
supplies the characterlistic value for pause-£filiing (silence
bridging). Its veltage is high during paumes and 0 at strong ar-
ticulation signals., Via sglector switch SA the characterlstic
pause-filling value is connected to the medulator in the signal
path of the replacement signal bypass and, via controls PA 1 to
FA 10, to the low-pass flltaors of the analysis channels.

The specch/pause detector influences the analog inverter in such

a way that the characterlstic value for pause-filling increases

to the maximum voltage during pauses. Associated with the pause-
filling selector awitch is a circult with switch 5% which changss
the speration of the voice mode switcher. With pause-filling ON;
the hard switching betwesn voliced and unyolced replacement signals
is avoided and, instead, the voiced replacement sipgnal staye on
while the upvoliced replacement signal is= added according to this
logit: Veice mode selector switch to AUTOMATIC M voicoe wode detec-
tor: unvoiced /A speech/pauss detsctor: spesch.
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Probably, the explanations in this third part of the manual are
difficult for many users, For a successful use of the instrument,
it i= not really necessary to understand the fupction of the
vocoder in its entirety, However, after mastering the operation
as describsd in part 2, a mere profound technical knowledge of
the vocoder may be helpful end lead to even more creativity.
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L.

Technical Data

Vocoder characteristics

Number of filter channels
Spactral range

Fowering

Automatic selection of line voltage
Power consumption

SPEECH OR SIGNAL INPUTS

ae Lins input

b. Microphone input
{may be switched off)

REPLACEMENT SOUND INPUTS

For voleond replacement slgnals:
two line inputa

One microphone input

Mix these three dinputs internally.

For unvoiced replacement smignals:
two line dnputs

Mix these two inputs internally.

Modulation Controls

Input signals
Characteristic channel wvalues (anvelopes)

Output Signals

Balanced, line (Tuchel)

Unbalanced, line (phone jack)

- 39 -

a0
100 Hz ... BOOO Hz

110 V = 15% and
220 ¥V .+ 15%

appx. 18 Watts

« B dBm,. 100 k@,
unbalanced

for low-impedance,
balanced dynamic
microphones

(2.5 mV, 4 k)

0 dBm, unbalanced,
100 k&

2.5 m¥, unbalanced,
5 ka

O dBm, unbalanced,
100 kQ

3 LED bar indicators
20 LEDs

+ b dBm
« 6 dBm



Contrel Potentiometers

20 x VARLABLE CHANNEL EMPHASIS, individually for each filter channel

20
1
10

H WM H X MW

SPEECH ADDITION/MULTIFILTER, individually for each filter channel
Spesch addition, simultancously for all channels

S1LENCE BRIDGING, one control for two adjacent channels

SILENCE BRIDGING, simultanecusly for all channels

BYPASS for speech, disregarding the volume control, cor BYPASS
for volaed replacemeant signal through wvolume control

Output YOLUME

x Speech/pause detector THRESHOLD
x Pause-filling characteristic of the BYPASS for voiced replacement

signal (econtrel accessible at back panel)

Qutputs (1/4" phone jacks)

i x SPEECH ENVELOPE

- = 8w

VOICE MODE DETECTOR, wveiced and upnveiced

CHANNEL ENVELOPES

Unbalanced output at +« & dBm, 100 { minimum load

Balanced output + 6 dbm (Tuchel connector), 300 Q minimum load

Control switches

Vecoder OFF, Normal, Formant Control

BYPASS OFF, Speoach Sigpal, Replacement
Signal

SPEECH ADDITION/MULTIFILTER OFF, Normal, Individual Channels

SILENCE BRIDGING OFF, Normal, Individual Channels

Voice mode selector Automatlie, ¥Yolced Only, Unvoiced
Cnly

Yoiced replacement sipnal Extaernal, Internal

Unvoiced replacement signal External, Internal

FINKK FILTER QN /OFF

Dimensions 470 x 260 x 220 min
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