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INTRODUCTION 1

During development and test phases of the veice communication
systems for the Ap;llo Missions, communication engineers recognized that
the design of voice comnunication equipment for optimum performance
depends on many factors. These are (1) voice cperated relay performance,
(2) voice signal spectrum shape, (3) signal dynamic range, (4) automatic
gain control, and (9) signal clipping levels. All of the factors contri-
bute to the optimum performance of a given system in th;ir own special way.
For éxample, the voice operated relay can disturb the speech if the turn;on
and cut-off times are not properly designed. If the turn-on time is too
long, the first word of the voice transmission will be lost. Likewise,
if the cu’ -off time is too short, the voice message becomes very
choppy. Although simple in statement, these(on- off), times play an
important role in determining the overall intelligibility of a voice
system. Similarly, all of the other four parameters play important roles
toward determining voice intelligibility. So that the proper design of all
of these parameters can be implemented into the development of future voice
conmunication equipment, the material to follow presents the concept, de-
sign, and specification of a voice system simulator. This simulator is to
be a design tool which will provide a means for simultaneous or indivi&ual
analysis of all of these parameters. -

Preliminary work on this project was begun in January 1969. However,
completion of the project is not expected until late in 1969, or the early

part of 1970. At the completion date, the unit shall be ready for use.



1.0

CONCEPT

The concept of the Voice Comn System Simldator (VCSS) is that
it is a universal audio test unit which will encompass
varisble voice processing techniques. Such techniques

are: (l) Voice-operated relay, (2) voice spectrum shaping,
(3) voice dynemic range, (4) automatic gain control, and

(5) voice clipping. Voice clipping, as well as the other
four techniques, will provide the variable —apability of :
the test unit in that each technique can be independently
adjusted. Being independently adjustable, these techniques
can be mave to simulate an Audio System of many different
characteristics., For example, changing the spectrun of

the voice, while holding.all other parameters constant,
significantly affects the ouéput signal.,, thus providing a
signal different to the one which existed before the spectrum
change was made., The same is true when either one of the
other four parameters is changed. It is most important that
this kind of variable capability exists in the yoice Comm System
Simulator (VCSs) because it provides the versatility nepded
to effectively simulate and study an extremely large class

of audio system characteristics. Therefore, the concept

of the audio gystem simulator is a universal voice system
composed of a nuber of subsystems, representing independently
variable system parameters used as design tools for the

development of voice communication eguipment.



- 2.0

3.0
3.1

SYSTEN _DESCRIPTION

The yoice Comm System Simulator (VCSS) is to consist of seven in.

dependent modules which can be arranged into any combination of 1

through 7. 8Six of these seven modules shall be different from
each other and perform  particular operation on a

voice signal, Module one, for example, shall perform band-

limiting and vox-operations; module two shall perform

spectrum shaping; module three shall provide variable

dynamic range; module four shall perform automatic gain

control functions; module five shall perform voice clipping;

module six shall perform output bandwidth limiting, and

module seven shall perform the final output amplification.

Physically, the WSS shall be contained within a three

to four foot relay rack and be portable either by wheel or

hand carrier. Each module shall be connected via a Trumpeter

patch panel. This patch panel will allow either module to

take the position of any one of the other module's position

in the normal system sequence. The normal system sequence

is shown in Figure 1 and.a pictorial concept of the systen

is shown in Figure 2. TheVCSS shall also provide external

control for providing adjustments of parameters contained

in each module,.

SYSTEM DESIGN & SPECIFICATTON

DESICH B
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3.2

6
The design of the VCSS shall use two approaches: they are (1)
the utilization of off-the-ghelf equipment and (2) in-house
circult development. Off-the-shelf equipment will be used
to provide the bnnd-iimiting and spectrum-shaping functions
which corresponds to modules 1, 6, and 2, respectively.
All other modules shall be designed from in-house circuit
development. Recommendations are provided in Section IV
of this papeﬁffor circult concepts.

Except in the off-the-shelf equipment, transformers
will not be used. However, the input impedances for all
rodules shall be designed around 600 ohms and the oubput
impedance is to be less than 60 ohms, More details of
these requirements are found in the next section on

specifications.

"SPECIFICATION

The main ‘specifica.tions for the VCSS are given in Table 1,
thus, this section provides only notes and comments to
that set of specifications. Beginning with meiules, the
special notes and comments are as follows.

Module 1l: VOX and Variable Bandwidth

Variable Bandwidth

W B G— — — — - S w— —

The variable bandwidth shail he cohtinuously veriable from

DC to 20 kllz, therefore,v providing a signel with any band-

width between LC and 20 kliz.



3.2.1.2

3.2.1.2.1

3.2.1.2.2

3.2.1.2.3

3.2.3

3.2.4

3.2.4.1
3.2.4.2

3.2.4.3

The voice operalcd relay shall have a variable threshold,
a variable turn-on time, and a variable reclease time,

The threshold shall se gdjustable over the entire input
range, -78.2 to 42,2 dbm,

The turn-on time shall be adjustable from O to 10 ms.

The release time shall be adjustable from 100 .5 to 2 sec.
The normal. time shall be 500 ms.

Module 2: Spectrum Shaper

This module shall have a resolution of one~third octave and
the level in each one-third octave (represented by a 1/3

octave bandpass filter) shall be adjustable from 0 to 60 db.

Modwle 3: Dynamic Range (see also Sec. 3.2.8)

This module shall Lhave a normai internal noise level, at
the module input, of 5 uv. However, this noise level sghall
be adjusteble by additive means, to a level of one volt rms,

Module W: Automatic Gain Control

This module shall have four variables. These are (1) attack
time, (2) release time, (3) threshoid, and (4) dynamic range.
The attack time shall have a normal value of 10 ms and bk
varieble from 1 ms to 100 ms.

The release time shall heve a normal value of 600 ms &ud be
Qariable from 100 ms to 2000 ms.

The upper and lower threshold shall be separated by 30 db
and a normal seliing shall be O dbvto 30 dbv. However, the range

g
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. 10

| from 0 db to 30 db shall be shiflable over the dynamic range.
For example, if the lower limit of the threshold is -0 db.
the upper limit shall be +22 db. See Figure 3.

3.2.4.4 This function shall be variable in that the minimun neise
level, 5 microvolts,at the system input can be increaced
to any desired level up to 0.5 volts mms.

3.2.5.0 Module 5: Speecn Clipper

This modw.e shall have a speech clipper with a variable
clipping level from O db to infinity. Where infinity is .
defined as the point where only the zero axis crossing of
the signa). remains,

3.2.6.0 Module 6: Varisble Bandwidth

This module shzll be the same as the bandwidth section of

Modi e 1.

3.2.7.0 Module 7: Output Amplifier
This module shall have a variable gain from O db through
+22 db.

2.2.8.0 In addition to the comments of section 3.2.3, the dynamic
range module shall be designed such that the range cin be

“ symetrically variable. In other words, when varying the

dynanic, range, both the negetive and pesitive amplitude halves of
the signal shall be expended or reduced simultaneously to/from
saturation down t§ the noise level desired.

4.0 SYSTEM DEVELOPMENT PLAN .

The development of the Voice System Simulator is to be con-
dvcted through two means. The first is the purchase of <I1-
the-shelf equipment and the second is in-house development.
Equipment purcheses are to be’initiated simultaneously with
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12
the initiation of the in-house development. The in-house

development will be broken down into the design and con-
struction tasks., Each of these tasks will correspond to
the design and implementation of particular modules. Since
each mgdule is to operate independently of the other, a
parallel task effort will be performed. A special task
will be implemented for the design and implementation of

a common power supply to supply all modules excepl the
off'-the~-shelf equipment., After all modular tasks have been
completed, a system implementation and test task shall be
performed to prove the functional. operation of the systenm.,
To perform the system implementation task, test plans and
procedures will be prepared., Following the syslem imple-
mentation task, a task shall be performed to prepare
instruction and theory of operation manuels. Figure U
provides a bar graph, outlining the System Development

Plan discussed above,
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