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This invention relates to telephonic pulse-code-
modulation systems and more particularly to im-
provements in encoding devices therefore.

In such a sysiem the instantaneous value of
an audicfrequency phenomenon (hereinafter re-
ferred to, by way of example, as the “speech volt-
age”) at the sending station is sampled at regu-
larly recurrent intervals and is expressed in terms
of a code combination of signal elements such as
marks and spaces. The combination is decoded
at the receiving station and is used for recon-
structing an approximate reproducticn of the
original speech voltage. If each code combina-
tion consists of 7 units the number of different
combinations is 2. ‘The value of the speech volt-
age, on the other hand, varies continuously from
0 to, say, 80 v., so that it has in theory an in-
finite number of possible values and can be only
approximately represented by the values, finite
in number, dencted by the code. evertheless
it is found that, with gquite a small number of
units per combination, a sufficiently undistortad
reproduction can be obtained. The system has
the advantage that, since the decoder has merely
to determine presence or absence of a-signal, the
signal to noise ratio can be made high and perfect
signals ean be regenerated by repeaters.

Moreover, since a very brief period (say 1.5/us.)
suffices for each signal element, a large number
of speech channels can he multiplexed on a time-
division ‘or -distributor basis with a single carrier
frequency. An ulfra-high frequency carrier is
preferably employed.

The code may ke simply a binary system of
numeration. Thus, in what may be called the
“straight code,” if 2 mark is denoted by 1 and a
space by 0, the frst unit 1 or 0 in a three-element-
combination stands for the value 4 or 0, as the
case may be, the second for 2 or § and the third
forloro.

With a three-clement code seven different in-
stantaneous values of the voice-voltage can be
signalled, in addition to zero. By way of example
the present description will be restricted to-sys-
tems in which such threes-element combinations
are used,-but it swill be cbvious that by inerease in
the number cf elemenis per combination any de-
sired degree of approximatdion to a continuous
series of voice-voliage can he obtained.

In the following description and claims the ex-
pression” “element pericd” will denote the :time
allocated to cne element (mark sr space) in a
code combination, and the expression “combina~
tion period” will denote the time allocated to.one
complete combination of such elements. Thus:in
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the. systems hereinafter more particularly de-
seribed, by way of example, a combination period
will be three times as long as an element period.

The present invention relates more particu-
larly to improvements in the means for encoding
the signals. Suitable transmission and multiplex-
ing equipment and other components in a pulse-
code-medulation system will be known to thaose
skilled in the art, and have been described in the
Bell System Technical Journal for July 1947
(page 395) and for January 1948 (pages 1, 44)
and elsewhere,

In a known encoding device for impulse-code-
modulation telephony a cathode-ray fube pro-
vided with a coded stencil plate is employed.
Such a device is of value when combination sig-
nals containing relatively large numbers of sig-
nal elements are used, so that the instantaneous
values of the speech voltage can be finely graded
into a relatively large number of steps; for in-
stance when the combinations each comprise 7
elements so that 128 steps are provided for. For
many purposes, however, such as military and
police signalling, a much cearser—for instance
an 8-step or 16-step—grading is adequate, and
3-element or 4-element combinations will accord-
ingly give a sufficient degree of fidelity. In such
cases an economy can be effected by discarding
the cathode-ray tube and employing a circuif
composed of rectifiers and other passive com-
ponents, and one object of the invention is to
orovide an encoding device of this kind.

One feature of the invention accerdingly com-
prises-an enceding device for a pulse-code~-modu-
lation system wherein the characters of all code
elements in each combination are defermined by
a control voltage whose initial value corresponds
to the instantaneous value of the speech voltage
or other audie-frequency phenomenon fo be sig-
nalled, while its subseguent value dscays during
the combination period.

Briefly stated, a pulse-code-modulation system
in accordance with a preferred emboediment of
the invention is censtituted by a sampling device
and an encoding device,

The audio signal to ke eoded is fed to the
sampling device which is arranged to derive
therefrom periodically a control pulse whose ini-
tial value is a function of the instantaneous value
of the signal; the control pulse thereafter decay-
ing 2% a predetermined rate. Thus the resultant
sawtooth shape of the control pulse is determined
by the imstantaneous value of the signal being
sampled, the height of the lsading edge of the
pulse being a function of the instantaneous value
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of the signal, and the trailing edge having 2 fixed
slope depending on said predetermined rate of
decay.

The control pulse produced by the sampling de-
vice is then fed to the encoding device which con-
tains a plurality of paralleled unidirectional
paths, each of which includes two serially con-
nected rectifiers. The paths have common input

and output circuits, periodic code element pulses -

being supplied to the common input circuit at a

rate determined by the number of elements in
the code combination. 'Thus if three elements
constitute the code combination, for each sam-
pling control pulse, three element pulses are ap-
plied to the input circuit.

The control pulse is imposed .on the parallel
paths and determines whether or not any paths
will be rendered conductive when an element
pulse is supplied thereto, and in that sense, the
control pulse preconditions said paths for con-
duction. The presence or absence of conductive
paths determines whether a mark or a space is
developed in the output circuit of the encoding
device when an element pulse is fed therethrough.
In this fashion, each instantaneous value of the
signal is converted by the sampling device into a
control pulse having a wave shape representative
of said value, which control pulse, in turn, by its
form determines the code combination produced
by the encoding device.

In order that the nature of the invention may
be better understood certain embodiments there~
of will now be described with reference to the
accompanying drawing, in which:

Figure 1 shows diagrammatically an encoding
device in accordance with the invention.

Figure 2 shows a circuit for modifying input
signals for use in the device shown in Figure 1.

The speech or modulation voltage is applied
at the input terminals M, Figure 2, of a circuit,
to be described later, which is controlled by syn-
chronising or channel-timing pulses so that it
samples the instantaneous value of the speech
voltage once at the beginning of each combina-
tion period. Moreover, the circuit is such that
its output voltage E, beginning at a level propor-
tional to the value of the sample, falls off ex-
ponentially during the combination period. In
the example here described, each combination is
to comprise three code elements and the rate
at which E decays is arranged to be such that the
voltage E is halved during the time allocated to
one element.

The output pulse voltage E yielded at the out-
put terminals MV of the sampling circuit shown
in Fig. 2 is applied as a control pulse to the simi-
larly labelled input terminals MV of the encoding
system shown in Fig. 1, which encoding system
yields a code combination depending on the form
of the applied control pulse,.

It is assumed, for the sake of example, that the
voltage E ranges from 0 to 80 volts.. Then its
instantaneous values at the instant of sampling
can be classified in eight steps, numbered from
7 to 0 in column A in the table, the first step com-
prising all those values which lie between 80 and
70 volts, the second step all those between 70 and
60 volts, and so on, as shown in column B of the
table. The value of E at the arrival of the first
of the synchronizing pulses by which the emis-
sion of the three code elements is timed (herein-
after called “element pulses”) will lie in one or
other of the steps shown in column B. As a result
of the exponential decay, however, the value of
B will have fallen by one half by the time that
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the second element pulse arrives. The resulting
values are shown in column C, so that any sample
value which initially lay between 80 and 60, for
instance, will lie between 40 and 30 at the instant
when the second element is determined. At the
arrival of the third element pulse, E will again
have been halved and will lie between 20 and 15;
it will therefore fall into the upper (20-10) of the
two groups shown in column D.

TABLE
Encoding (Figure 2)
Value of modulating
voltage E at instant of | Code elements
Code
Step combi-
1st ele- | 2d ele- | 3d ele- nation
ment | ment | ment | 1st 2d 3d
pulse | pulse | pulse
[ 80-70 | 40-30 |[__.._.. 1 ) I 111
B emnan 70-60 [o..oo.-- 20~10 [§ 3 1 011
|- S 60-50 | 30-20 |--ooo_C 1 [ I P, 101
[ S 50-40 | ool [ 2 N PR 001
< SO 40-30 | 20-10 {....___. 1 ) O P 110
p 30-20 |-ooooo. 00| 0leeees 0 010
) S, 20-10 10-0 ool 1 0. 100.
0 - 10-0 § e {10 U (SR 000
A B (e} D E ‘ ¥ ’ G l H

Now the circuit shown in Figure 1 is so ar-
ranged that if, at the instant when a synchronis-
ing or element pulse arrives at terminals EP, the
value of E at terminals MV lies betweer 80 and

5 70, or 60 and 50, or 40 and 30, or 20 and 10, a

mark (herein dencted by 1) is sent on through
the signal-element terminals SE; but if the volt-
age E lies between 79 and 60, 50 and 40, 30 and
20, or 10 and 0, a space (denoted by 0) is sent
on. As a result that first, second and third ele-
ments in the combinations representing the
grades shown in colurnn A will be those denoted
by 1 for a mark and 0 for a space in columns E,
F and G respectively, and the combination itself
will be as shown in column H. These results are
achieved as follows: i

Steady D. C. voltages are applied to the termi-
nals Pi, P2, P; and P: so as to raise them to re-
spective potentials of 80, 20, 70 and 10 above

.earth. Three equal resistors Ri, shunted by ca-

pacitors Ci, are connected between terminals P:
and P2 so that potentials above earth of 80,69, 40
and 20 volts respectively are applied to the anodes’
of the four diodes di-ds«. Similarly resistors R,
shunted by capacitors Cs, are so arranged that
potentials above earth of 70, 50, 30 and 10 volts
respectively are applied to the cathodes of the:
second set of diodes ds to ds. If now the instanta-
neous voltage E at terminzals MYV lies between 80
and 70 the diodes di and ds will both be un-
blocked so that a very brief impulse with a peak
of one or two . volts, induced in the two parallel
secondary coils of transformer T: by a synchro-
nising or element pulse applied at terminals EP,
can travel over the path P: to transfiormer To,
where it induces a marking impulse which goes
out through terminals SE to a trigger regenerator.
and confrols the emission of a marking signal
element.

On the other hand, when the voltage E lies
between 70 and 60 no effective path is available
for a pulse from a transformer Ti to transformer
Ty, If, therefore, such a value of E obtains at
the instant when an element pulse reaches termi-
nals EP, no impulse passes and a space is regis--
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tered at the dutput terminals €. It the voltage
E lies between 60 and 50 at the instant when an
element pulse arrives, an effective path p2 is open
through diodes dz and ds and a mark is regis-
tered at terminals 8E. Similar paths p3, ps are
respectively open at voltages ¥ lying bebtween 40
and 30, and between 20 and 10, but no effective
paths are open at the remaining ranges of values.

Resistors Rz and capacitor C: dre provided for
preventing the establishment of an effective path
for impulses through pairs of diodes which are
not adjacent to one another. For instance a
value 65 of the voltage E opens a path through
the diodes di and ds, but this path is not effec-
tively available for the brief impulses of small
amplitude by which the coding is effected, pro-
vided that appropriate values be given to the
components Cz, Ra, If it is found that the capac~
ities of the diodes provide a sufficient path to
impair the funectioning of the device, they can
be balanced out by means of a preset capacitor

e

The manner in which the instantaneous speech
voltage is sampled and in which the requisite
decay rate is imparted to the resulting voltage
E will now be described with reference to Fig-
ure 2.

The modulation or speech voltage is applied at
the input terminal M of a cathode-follower valve
V1, so that a voltage proportional to the instan-
tanecus value of the speech voltage appears
across the cathode resistance Rs. Peaked posi-
tive synchronising pulses are applied to the ter-
minal CP in such a way as to make the diodes
D1, D2 momentarily conductive gt the beginning
of each combination period. A resistor R: is
connected in series with the diode D2 and its
resistance is chosen to be much smaller than that
of the time-constant resistor shown at R« but
much larger than that of the cathode resistor
Rs. Since the resistance of Rs is large in com-
pariscn with the resistance of the remainder of
the circuit D2, D1, Re, most of the voltage of the
controlling impulse applied at CP is taken up
in the voltage drop over it, Rs, and the capacitor
C: accordingly takes up the potential of the live
end of the cathode resistor Rs.

The pulses applied to terminal CP occur once
at the beginning of each combination period,
that is to say once for each three of the element
pulses applied at terminals EP, Figure 1. On
the cessation of the impulse at terminal CP the
diodes D1, D2 become bilocked and the initial
charge on the condenser Cs has thus been de-
termined. This is the initial value of the con-~
trol voltage E applied to terminals MV, Figure 1,
which are shown also in Figure 2, and it controls
the character (mark or space) of the first signal
clement in the combination in the manner al-
ready descrived. The value of the voltage E
across capacitor Cs then falls off exponentially,
however, owing to the discharge of the condenser
through the resistance R¢, and the latter is
chosen to be of such magnitude that the value
¢f B is halved during a single element period.
The second and third signal elements are thus
controlied by it in the manner already described,
and hence the code shown in column H is
signalled.

It will be obvious that by suitable dimension-
ing the resistors and capacitors shown in Fig-
ure 1 the device can ke adapted to effect volume-
compression for use in a compander system,

What I claim is:

1. In a pulse-code-modulator system, appara-
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tus for encoding -audio frequency signals com-
prising a sampling system fo derive periodieally
from said audio signals a control voltage pulse
whose initial value is a funetion of the instan-
taneous value ‘of the signals and whose value
thereatter decays at a given rate, and an en-
coding system coupled to said sampling system
and responsive to each control voltage pulse to
generate a code combination having a predeter-
mined number of code elements, the character
of said elements being determined by the form
of said control voltage pulse.

2. Apparatus, as set forth in claim 1, which
includes compander means for regulating the
magnitude of said audio signals in a predeter-
mined fashion in order to produce audio signals
with a predetermined signal-to-noise ratio.

3. Apparatus, as set forth in ciaim 1, wherein
the control voltage pulss decays at an exponential
rate.

4. Apparatus, as set forth in claim 1, wherein
the control voltage pulse decays at a rate at
which said voltage halves itself over the time
interval in which a code element is generatad.

5. Apparatus, as set forth in claim 1, where-
in said sampling system inciudes a network for
determining the rate of decay and having a ca-
pacitance and a resistance, said resistance shunt-
ing said capacitance.

6. In a pulse-code-modulator system, apparg~
tus for encoding audio frequency signals com-
prising a sampling system provided with a cath-
ode follower amplifier responsive to said audio
signals and means to derive periodically from said
amplifier a control voltage pulse whose initial
value is a function of the instantaneous value of
the signals and whose value thereafter decays at
a given rate, an encoding system including a plu-
rality of unidirectional current paths, means to
supply each of said control pulsss to said paths
to rrecondition the conductivity of said paths in
accordance with the control pulse valuses, and
means to apply periodic timing pulses f{o said
paths in the interval during which said paths
are conditioned by a control puise for rendering
said paths conductive and non conductive in a
sequence depending on said control pulse values
thereby producing a code compination having a
predetermined number of elements.

7. In a pulse-code-modulntor system, appara-
tus for encoding sudic frequency signals compris-
ing a sampling system provided with a cathode
follower amplifier respensive to said audio sig-
nals, and means to derive periodically from said
amplifier a control voltage pulise whose initial
value is a function of the instantaneous value of
the signals and whoss value thereafter decays
at a given rate, an encoding system including a
plurality of parallel unidirectionsl currents paths
intercoupling the common input and output cir-
cuits, each of said paths including at least two
serially-connected rectifiers, means to supply each
of said control pulses to said parallel paths to
condition the conductivity of said paths in aec-
cordance with the control pulse values, and
means to apply periedic timing pulses to said
common input circuit in the interval during
which said paths are preconditioned by a control
pulse for rendering said vaths conductive and
non-conductive in a seguence depending on said
control pulse values thereby yielding in the out-
put cireuit a code combination having a prede-
termined number of elements.

8. Apparatus, as set forth in claim 7, wherein
the ends of each rectifier adjacent to the com-
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mon input and output circuits of said parallel
paths are coupled to points of constant potential,
said points of constant potential having graded
magnitudes. - ‘

9. Apparatus, as set forth in claim 8, wherein
said input and output circuits are constituted by
transformers, the rectifier ends being connected
to said points of constant potential through a
winding of a respective transformer.
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