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The Principle of PCM*

TEXT

PCM is dependent on three separate operations, sar pling,
.quantizing , and coding?. Many different schemes for perform-
ing these three functions have evolved during recent years?®,
and we shall describe the main cnes. In these descriptions we
shall see how a speech channel of telephone quality may be
conveyed as a series of amplitude values, each value being rep-
resented?, that is, coded , as a sequence of 8 binary digits’. Fur-
thermore, we shall prove that a minimum theoretical saripling
frequency of order 6. 8 kilohertz (kHz) is required to c:Snvey
a voice channel occupying the range 300Hz to 3. 4 kHz®. Prac-
tical equipments, however, normally use a sampling rate of 8
kHz, and if 8-digits per sample value’ are used , the voice chan-
nel becomes represented by a stream of pulses with a repetition
rate of 64 kHz, Fig. 1-1 illustrates the sampling, quantizing,
and coding processes.

Reexamination of our simple example shows us that the
speech signal of maximum frequency 3. 4kHz has been rzpre-
sented by asignal of frequency 64kHz. However, if only 4 digi-
ts per sample value had been used, the quality of transmission

1
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2 | 0001 —
3 | 0010 ' —r
4 0011 —
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6 0101 I
7 0110 Iy
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9 1000 L
10 1001 T
11 1010 L B
12 1011 R ™
13 1100 T
14 1101 Ty
15 1110 L
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1f the analogue signal shown above is “sampled” , and then “coded” using the
table, the transmitted pulse code modulated signal becomes

Decimal values ; A A | A SR § B L &
Binuary values: WOL 9001, 0011, 0111. (Glu. joop. 010l

POM Signal, L L L LAULUUn
Fig. 1-1 The Sampling and Coding Processes, and the Resultant PCM Signal
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would drop, and the repetition rate of the pulses would be re-
duced to 32 kHz. Thus the quality of transmission is dependent
on the pulse repetition rate, and for digital communication
systems these two variables may be intetchanged most =ffi-
ciently?®.

Digital transmission provides a powerfui method for cver-
coming noisy environments. Noise can be introduced into a
transmission path in many different ways; perhaps via a near-
by lightning strike, the sparking of a car ignition system, or the
thermal low-level noise within the communication equiptnent
itself?. It is the relationship of the true signal to the noise sig-
nal, known as the signal-to-noise ratio, which is of most inter-
est to the communication engineer'’. Basically, if the signal is
very large compared to the noise level'! , then a perfect message
can take place ; however, this is not always the case. For exam-
ple, the signal received from a satellite, located in far cuter
space!?, is very weak and is at a level only slightly above that
of the noise. Alternative examples may be found within terres-
trial systems where, although the message signal is strong, so
is the noise power.

If we consider binary transmission , the complete informa-
tion about a particular message will always be obtained by sim-
ply detecting the presence or absence of the pulse. By compar-
ison, most other forms of transmission systems convey the tnes-
sage information using the shape, or level of the transmitted

signal; parameters that are most easily affected by the r.oise
3



and attenuatior introduced by the transmission path'®. Conse-
quently there is an inherent advantage for overcoming nois;y
environments by choosing digital transmission.

So far in this discussion we have assumed that each voic:
channel has a separate coder, the unit that converts sampled
amplitude values to a set of pulses; and decoder, the unit that
performs the reverse operation. This need not be so, and sys-
tems are in operation where a single codec (i.e., coder, ‘and
its associated decoder) is shared between 24, 30, or even 120
separate channels. A high-speed electronic switch is used to
present the analog information signal of each channel, taken in
turn'!, to the codec. The codec is then arranged to sequentially
sample the amplitude value,and code this value into the 8-digi:
sequence identified earlier. Thus the output to the codec may be:
seen as a sequence of 8 pulses relating to channel 1, then chan-
nel 2, and so on. This unit is called a time division multiplexer
(TDM), and is illustrated in Fig. 1-2. The multiplexing prin-
ciple that is used is known as word interleaving. Since the
words, or 8-digit sequences, are interleaved in time.

At the receive terminal a demultiplexer is arranged to sep-
arate the 8-digit sequences into the appropriate channels. The
reader may ask, how does the demultiplexer know which group:
of 8-digits relates to channel 1, 2, and so on? Clearly this is
important] The problem is easily overcome by specifying a
frame format, where at the start of each frame a unique se-

quence of pulses called the frame code, or synchronization

4
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word, is placed so as to identify the start of the frame'®. A cir-
cuit of the demultiplexer is arranged to detect the synchroniza-
tion word, and thereby it knows that the next group of 8-dig ts
corresponds to channel 1. The synchronization word reoccurs

once again after the last channel has been received'®.
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