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— SYLLABUS

Course Purpose:
To enable students understand the fundamental principles of digital transmission systems as used in fixed and
mobile telephony, wired and wireless computer networks, data storage and digital broadcasting.

Expected Learning Outcomes:
At the end of the course, students will be able to:
(1) describe binary and duo binary pulse Amplitude Modulation (PAM):
(11) design digital coding schemes;
(i11) derive error performance equations for digital modulation schemes(ASK.FSK.PSK,DPSK):
(iv) state strengths and weaknesses of M-ary PSK with QAM signaling schemes:
(v) design a basic digital communication systems.

Course Content:

Signal digitization: Pulse Amplitude Modulation (PAM), sampling theorems and sampling circuits, Pulse code
modulation (PCM). Quantization and signal conditioning: Uniform and non-uniform quantization: companding
methods: vocoders: signal-to- quantization noise ratio. Waveform coding: Pulse transmission, PCM, Pulse-

[shaping; Delta modulation:; adaptive delta modulation: Differential Pulse Code Modulation (DPCM), M-ary I

encoding. Digital Modulation: Amplitude shift keying (ASK), Frequency Shift Keying (FSK), Phase Shift
Keying (PSK) Quadrature Amplitude Modulation (QAM) and Differential Phase Shift Keying (DPSK). Slgnal
recovery in ASK, FSK and PSK: Gaussian Minimum Shift Keying (GMSK): Performance comparison.
Information theory: information sources, entropy, channel capacity: Source Coding: entropy coding. Error
control: Error control coding techniques; Transmission errors; Error detection methods: intersymbol
interference and the eye pattern: Linear block codes: Cyclic codes: convolution codes. Multiplexing: Frequency
division multiplex (FDM), Time Division Multiplexing (TDM), plesiochronous digital hierarchy (PDH).
Spread spectrum communication: Direct sequence and frequency hopping methods: synchronization, spreading
codes and their generation. Data transmission: Local data transmission protocals (Ethernet, token ring); Modems:
high Asymmetric Digital subscriber line (ADSL): Very—high Speed Digital subscriber line (VDSL), integrated
services digital network (ISDN).




KEY POINTS ABOUT PCM

While PCM is a pulse modulation technigue much like PWM, PAM
or PPM.

PCM is digital while the others are either analogue in time or
amplitude, i.e PCM pulses are discrete in time and amplitude unlike
PAM, PWM or PPM.

Essential aspects of a PCM transmitter are sampling, quantizing and
encoding.

PCM is not a modulation in the conventional sense because it does
not rely on varying a characteristic of a carrier (amplitude,
frequency or phase).



PCM TRANSMITTER
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BINARY EQUIVALENTS AND PULSE CODE WAVEFORMS
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* PCM transmission path refers to the path the the signal travels

PCM TRANSMISSION PATH

between the transmitter and the receiver.
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HOW A PCM REPEATER WORKS

1. A PCM repeater does the follows:
a) Receives a PCM signal

b) Regenerates the signal by cleaning up noise and distortion

c) Retransmitting a fresh, reshaped signal matching the original
signal quality

2. The use of repeaters enables long-distance transmission without
significant signal degradation by periodically amplifying and
reshaping the signal at repeater stations along the transmission
path.



HOW A PCM REPEATER WORKS
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PCM RECEIVER
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TYPES OF QUANTIZERS

Quantization
Uniform Quantization Non-Uniform Quantization
0 o 1
. . dy dz
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MIDTREAD QUANTIZER

Output
A midtread quantizer assumes values of ':“"
the form AH. -where A is the step size

and H. =0, 1, +2, +3, ...

It is called mid-tread because the origin
lies in the middle of a tread of a staircase-
like graph.
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MIDRISER QUANTIZER

A mid-riser quantizer has output levels are

. A . . 7a | 7
given by EH" where A is the step size and H, Al
_ 2
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4.

PCM TRANSMISSION BANDWIDTH

Assume the a PCM encoder has g levels which are encoded to v
bits.

We can infer
q = 2°

The number of bits per second can be expressed as:
foem = Vfs  where f; = 2f,, (Nyquist criterion)

It therefore follows that the bandwidth, BW of a PCM channel is
bounded by:
B%cm = vam



EXAMPLE 1

1. ATV signal with a bandwidth of 4.2 MHz is transmitted using binary
PCM system using 512 quantization levels. Determine

(a) Code word-length
(b) The PCM bandwidth/bit rate

SOLUTION
(@) f,, = 4.2 MHz
g= 2V =512

v = log,512 =9 bits
(b) Bandwidth, BW = v(2f,,)=2x9 X 4.2=75.6 Mb/s



WHY IT IS NECESSARY TO HAVE NON-UNIFORM QUANTIZATION?

1. Using linear quantization, the quantization error is given by:

A
€= —
2 r
2. If g quantization levels of a bipolar signal are used, we can write:
A — xmax
q I
3. Consider a PCM system with v = 4 bits and x,,,,, = 1 Volt, then: -
g= 2* = 16 A -
A= & = i = l d; d»
q 16 8 :
The maximum quantization error is therefore : mid riser
A 1 (has zero o/p level)
E = |—| = —
max 2 16

4. At maximum, the relative error is 1 volt out of 16 volts or 6.25% -

At lower levels, e.g. 2 volts, the relative erroris 1 volt out of 2 volts
or 50%.

6. To reduce this high relative error at low levels, PCM systems use non-
uniform quantization .



COMPANDING

1. In uniform sampling, the quantization step is fixed thus resulting in uniform
guantization noise power.

2. However signal power is not constant, it is proportional to the square of the signal
amplitude. This means Quantization Noise is very significant at low amplitudes.

3. To reduce quantization noise at lower amplitudes, we use commanding:
Companding = Compressing + Expanding
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MIDRIZER QUANTIZER
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WHY WE USE COMPANDING IN COMMUNICATION SYSTEMS

Companding is a technique for reducing the data
rate of audio signals by making the quantization
levels unequal.

The loudest sound that can be tolerated (120 dB SPL)
is about one-million times the amplitude of the
weakest sound that we can hear (0 dB SPL).

If the quantization levels are equally spaced (uniform
quantization), 12 bits must be used to obtain
telephone quality speech.

However, only 8 bits are required if the quantization
levels are made unequal (companding) to match the
characteristics of human hearing.



THREE METHODS OF REALIZING COMPANDING IN
COMMUNICATION SYSTEMS

1. Three methods of companding in communication
systems are:

a) Run the analog signal through a nonlinear
circuit before reaching a linear 8 bit ADC,

b) Use an 8-bit ADC that internally has unequally
spaced steps, or

c) Use alinear 12-bit ADC followed by a digital
look-up table (12 bits in, 8 bits out).

2. Each of these three options requires the same
nonlinearity, just in a different place, i.e at analog
circuit, in the ADC, or a digital circuit after the ADC.
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Flx) = sgn[:t:}{

Where A is the

F~!(y) = sgn(y)<

"A" LAW COMPANDING
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Flx) = Eg]l[ﬂ:}hl]fll(l_l_ plzl) —1<x<1

+ pt) -

where J is 255 for 8 bits.
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1.

BINARY ENCODING

Encoding converts the
guantized samples into a form
that is more convenient for
the purpose of transmission.

Encoding is a one-to-one
mapping of the quantized
samples by using code
elements or symbols of the
required length per sample.

1 2 ) 5
, Matural
Decimal : Folded Inverted Gray code
Binary code . Comments
Level Binary folded
No. by | by | by | by code binary 94 | 93 | 92 | Gy
15 11111 |1f1|1(1|1]1|0|0(0O|1 | 0|0 |0
14 10111 0f1{1(1({0]1|({0|0f(1|1 ]| 0]| 0|1
Levels
13 | 1 (1 (0 (1]1(0|1(0| 1 0] 1]1 )
assigned
12 1110  0O0f1/1(0(0]1|0|1(1|1 0|1 |0 y
to positive
11 1101 |1fj1|0(1|[1]1|1|0(O0Of1 |1 ]|1]|0
message
10 11011 0f1|0(1[0]1[(1]jOf1| 1 |1 ]1]1
samples
9 1|00 |1f|1|0(0Of1]1|[1|1({O0| 1| 1]0]1
8 1100 |0f1|0(0|O)1|1|1|{1|1 | 1]0]|O0
7 o(1|1(1|0f(0|j0O(0O|JO(1|{1|1] 0| 1|00
6 o(1|1(0|O0(0O|O|1|Of(1|{1|0]l O | 1|01 Levels
5 0(1 ([0 ((1|]|0|j0O|1|0|O(1|{O(1] 0O | 1 111 assigned
4 o(1|0(0|OfO|1(1]O(1|O|O0OJO |1 |1]O0 to
3 o(o|1(|(1|0f(1|0(0|jO(O{1(1J0 |0 |10 negative
2 o(o|1(o0|Of1|0O|1|jO(O{1|0]l 0O |0 |11 message
1 o(o0o|o0(f(1|0(1|1|0|O(0O(O|1] O |0 |0 |1 samples
0 0|0 |0|0DO ) o|1(1|1|0|0|0jOfO | O0O|0O]O




FOLDED BINARY CODE

* Folded binary code (also called
the sign-magnitude
representation) assigns the first
(left most) digit to the sign and
the remaining digits are used to
code the magnitude.

* The main advantage of folded-
binary code is its ability to
efficiently represent both positive
and negative numbers within a
limited bit range, particularly
when dealing with small
amplitude signals where a higher
density of '1' bits is beneficial,
like in voice communication.

1 2 3 4 5
, Matural
Decimal Folded Inverted Gray code
Binary code . Comments
Level Binary folded
No. by | by | by | by code binary 9s | 93 | 95 | 94
15 1 (1 (1 |1/ 1(0/0(0]1]0 |00
14 1 (1 (1 |0 1(0/0|1] 10|01
Levels
13 1 (1 [0 |1 101011 ]0(1]1
assigned
12 1 (1[0 |0 10 1(1]1 0|10 )
to positive
11 1({0 (1 |1ff1|0(1|1|1(1]|0|0] 1 =i O
message
10 1({0(1|0ff1|0|1|0|1(1]|0([1] 1 1 (1| 1
samples
9 1({0 (0 |1ff1|0(0|1|1(1]|1|0] 1 1 (0|1
8 1({0(0|Off1|0(0|O)1|[1]|1[1] 1 1 (0|0
7 o|1|1|1)0|0|0(0}JO|1|1|1] 0|1 |0]|O0
6 o|1|1|0y40j0|0{1}J0{1|{1|{0JO0O (1 |0]1 Levels
5 o|1|10|1(0j0|1[(0J0O[1|0|1]| O 1 1 1 assigned
4 o|1|0|0y40{0|{1{1}j0|1|0|0JO0O |1 |10 to
3 o|o0o|1|1)0|1|0{0j0|0O}|1|1|J 0|0 |1]0O0 negative
2 o|o|1|0)0{1|0{1}J0|0[1|0J O[O |1]1 message
1 o|o|0|1)0|1|1({0j0|0O|O|1J O[O |O0O]1 samples
0 o|jo|jo0o|oyof{1{1{1j0|0|0|0J O[O0 |O0]|O0




INVERTED FOLDED BINARY CODE

1 2 3 4 5
. .« . Natural T R
1. If only the amplitude digits of a Cecial ¢ oed (N |
folded binary code are o oo ool o 1. T.T,
; 4 I 4 3 2 1
complemented (1's changed to
1 | 1 . 15 1(1 |1 |1]1|1|1|1f1]0]j0(0] 1 |0 | 0|0
0's and O's to 1's), an inverted MMESIENEIRI WMWY &=~ SARdRAh
folded binary code results. Ao T aelagel T o]
assigne
2. This code has the advantage of A ol 3 I el PP
higher density of 1's for small I R A T I e
amplitude signals, which are 9 [A [0 |01 [T[o[o|T|T[T[T[o[ T[]0 |1
most probable for voice 8 (1[0 0/0]1/0/0 NS, 1T 100
7 o|1|1|(1|0j0|0O|0O}Of1|[1]1]0 |1 |0]|O0
messages 6 o|1|{1(0|0(0O|0O|1JO{1({2]0O] O |1 ]0]1 Levels
3. The higher density of 1’s also 5 Jojtjoj1jojoj1]ofouJofafo |t [T ]1 | assigned
lieves some system timin S U el T 0 I e e e °
re y g 3 ojo|1[1]o[1]{of{ofo|of1[1]O0 |0 |1 |0 negative
errors. 2 oo [1]ofof[1]o[1fo]o[1]0o] 0 [0 |1 [1 | message
1 o(o(o0of|1]O0|1|1|0ff0(0|O(1)J O | 0O]|O0]1 samples
0 oyo|o0(0|O(1|1|1jO0{0(0|jO] 0 | 0|0 ]|O




GRAY CODE

1 2 3 4 5
1. With natural binary encoding, a pecmat| "8 e | invortoa ((NSEUSERRNY
. . inary code . omments
number of codeword digits can Lovel Bl | e
No. | by | by |by|by| code binary || g4 | 93 | 92 | 94
change even when a change of
. . 15 1 1 1 (1 [1(1(1]|1]1|0|0|0| 1 0|0 |0
only one quantization level occurs. IEUMMLUNLLUULE S
For example, a change from level 13 [17 1[0 1]1/7]o[1]7/0]1]0 N ... .
. . . . 12 11 oo [1]1[ofo]1[0]1]1 N »
7 to 8 entails every bit changing in et bt T o Postive
. . message
the 4-bit code illustrated. L SN R K2 A A A ) N I I e
9 1 O |0 (1]1|{O0fO|1]1|1|1|0 1 1 0|1
2. In some applications, this 8 [T [o]o[oft[ofofo[ [T[T[1[ 1] T]0]0
. . . 7 0| 1 1 (1]|0(0|0|OjO|1[{1({1)] O 1 0|0
behavior is undesirable and a code EERS RS il S
is desired for which only one digit 5 [0 1[0 [1[0[0[1][0[0][T[0[T[0 [ 1] 1[1]| assigned
L 4 o|1|0|0]|O|O|1[1|0(1|0|0}f O 1 110 to
changes when any transition M T TR el A k] eSS |
occurs between adjacent levels. 2 (oo [1]ofo[1[0]1[o]o]T[of 0 [0 [1]7]| message
. 1 o|jo|jo|1]|Oo|1|1|0|0O(0O(O(1f O |0 |01 samples
3. The Gray Code has this property o [0 [o|o|o[o[T|[T[T[0fo[ojo(0 |0 00|




ADVANTAGES OF GREY CODE

1. Error reduction: Due to the single bit change
property, Gray code minimizes the chance of
spurious outputs or glitches during state
transitions.

Q,0,0
2. Reliable in electromechanical systems: Gray 332
code is widely used in devices like rotary e ot
encoders as only one bit changes at a time, e
preventing misinterpretations. e s
101
3. Simplified logic design: The predictable nature 100

of Gray code simplifies the design of circuits
that need to interpret positional data, as only
one bit needs to be monitored for changes.



DISADVANTAGES OF GREY CODE

The main disadvantage of grey code is o
that performing arithmetic operations i

----------------

@ >

like addition or subtraction directly on :
Gray code numbers is complex and not c -t
readily achievable, and conversion to '
binary must be done for calculations.

+B) C+AB



4-BIT PCM TRANSMITTER - CIRCUIT SCHEMATIC
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Folded Binary Code
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PCM INTEGRATED CIRCUITS - MC14LC5480

1. The MC14LC5480 is a general purpose per
channel PCM Codec—Filter with pin selectable
u—Law or A—Law companding, and is offered in

20—pin DIP, SOG, and SSOP packages.

2. MC14LC5480 performs voice digitization and
reconstruction as well as the band limiting and
smoothing required for PCM systems.

3. MC14LC5480 designed to operate in both
synchronous and asynchronous applications and
contains an on—chip precision reference voltage.

MC14LC5480

P SUFFIX
PLASTIC DIP
o CASE 738

Pt DWW SUFFIX
T SOG PACKAGE
. CASE 751D

P,  SD SUFFIX
o il SSoP
S casegoc

ORDERING INFORMATION

MC14LC5480P Plastic DIP
MC14LC54800W S0OG Package
MC14LC5480SD SSOP
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MC14LC5480 - TYPICAL CONNECTION

AUDIO OUT = 01
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MC14LC5480 - COST

eb y csahtgzgr{/' Search... All Categories ~  Searcl

€ Backto home page | Listed in category: Business & Industrial > Electrical & Test Equipment > Electronic Components > ICs & Processors

L"Y OOl 2x MC14LC5480DW 5V PCM Codec-filter MC14LC5480

ltem condition: New X‘ D |

Quantity: [ 1 ] More than 10 available

Seller information
hifi-szjxic (5586 w)

Qg 79 it
Price: us $7.00 Buy oW 99 7% Positive feedback

KSH 1050/: = = Follow this seller

Add to cart e
it store: J 3
o Add o watch et Visit 5tore._ B' HIFI AUDIOIC

See other items

% Add to collection
New
Condition

Shipping: Does not ship to Kenya | See details
ltem location: Shenzhen, China
Ships to: Worldwide See exclusions




RECAP: ADVANTAGES OF PCM

PCM provides high noise immunity

. Allows regeneration of clean signal by using
repeaters placed between the transmitter
and the receiver.

PCM signals can be stored for later use or
retransmission with high fidelity

PCM signals can be encrypted more easily
and to very high standards.



RECAP: DISADVANTAGES OF PCM

1. PCM requires complex circuitry to sample,
guantize, code and decode.

2. PCM requires large bandwidth compared
with that of the original analog signal, i.e

BWyem = 20fp
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