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Abstract --- Pulse Code Modulation Multiplexing PCMM is a part
of transmitting multi analog signals through single channel, PCM
Can be implanted by passing information signals through
Quantizer using  MATLAB simulink  and recovered (De-
multiplexing) the information with the use of multi low pass filters
LPF according to each frequency signal that been sent, Auto
correlation and cross correlation tests were applied on the multi
input signal to improve the inequality and no interference between
multi input signal, delay time at the receiver is overcoming by
reducing the order of LBFs and using delay block from Simulink

library.
Keywords-- PCMM, Multiplexing techniques, PCM with
MATLAB, PCMM simulation.

I. INTRODUCTION

Pulse Code Modulation Multiplexing (PCMM) is a system
where multiple analog signals can be encoded as part of
transmitting process without interfering between information
frequencies. Each signal waveform is quantized and
represented to sufficient accuracy by an appropriate code
character. Each code character is composed of a specified
number of code elements. The code elements can be chosen as
two-level, or binary; three-level, or ternary; or n-ary.
However, general practice is to use binary, since it is not
affected as much by interference introduced by the required
increased bandwidth. This binary stream code which
represents the multi input information signals is transmitted
over signal channel then de-multiplexed at the receiver
according to each frequency signal [1,2]. The motivation
behind modern PCM is that improved implementation
techniques of solid-state circuitry allow extremely fast
quantization of samples and translation to complex codes with
reasonable equipment constraints [3]. PCM is an attractive
way to trade bandwidth for signal-to-noise and has the
additional advantage of
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transmission through regenerative repeaters with a signal-to-
noise ratio that is substantially independent of the number of
repeaters [1,2].

Il. PULSE CODE MODULATION MULTIBLEXING
AND DEMULTIPLEXING MODEL

There are three steps in the development of a PCM signal from
that analog model [1]:

1. Sampling;

2. Quantization; and

3. Coding.

As is illustrated in Figure 1 and 2, PCM multiplexing is
carried out with the sampling process, sampling the analog
sources sequentially. These sources may be the nominal 4-kHz
voice channels or other information sources that have a 4-kHz
bandwidth, such as data or freeze-frame video. The final result
of the sampling and subsequent quantization and coding is a
series of electrical pulses, a serial bit stream of 1s and 0s ( 1s
and zeros are the binary translation of quantizer levels
according to table 1[1]) that requires some identification or
indication of the beginning of a sampling sequence, This
identification is necessary so that the far-end receiver know
exactly when the sampling sequence starts. Once the receiver
receives the “indication,” it knows a priori (in the case of
DS1) that 24 eight-bit slots follow. It synchronizes the
receiver. Such identification is carried out by a framing bit,
and one full sequence or cycle of samples is called a frame in
PCM terminology [1, 4].
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Figure 1 : pulse code modulation multiplexer (PCMM)
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Figure 2 : pulse code modulation De-multiplexer (PCMM)
Table 1
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Quantizer Quantizer
level CODE level CODE
(0] 0000 8 1000
1 0001 9 1001
2 0010 10 1010
3 0011 11 1011
4 0100 12 1100
5 0101 13 1101
6 0110 14 1110
7 o111 15 1111

[1l.PULSE CODE MODULATION MULTIBLEXING
PCMM SIMULATION
Pulse code modulation multiplexing transmitter is illustrated
in figure 3. Where MATLAB Simulink 2012 is used [5]:
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Figure 3 : PCMM transmitter

In figure above set the time of simulation to (5) ,Information
signals are first shifted by its amplitude above zero axes and
then multiplexed to Quantizer which representing the analog
signals of the amplitude by a finite set of levels. It converts a
continuous-amplitude signal to a continuous -amplitude
sample.

Input and Output PCMM transmitter signals are shown in
figure 4,
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PCMM signal as mentioned above is converted to a serial

binary code that called digital pulse code modulation D-PCM

signal as shown in figure 5 and 6. Where signal 1 converted to

3-bit for each level of quantized signal, while signal 2

converted to 4-bit for each level of quantized signal.
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Figure 5: Signal 1
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Figure 6: Signal 2 binary waveform.
Auto correlation test is applied on both binary signals as
shown in figure 7 and 8. Where those figures shows main loop
at the zero and side loops less than the threshold axes of 0.2,
this prove the inequality between input signals[6].
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Figure (7) Autocorrelation test on signal 1

Sampe Autccorelation Functicn

Ll LI o
[

| | | . | | |
-5 -0 5 a 5 10 15

llll

Figure (8) Autocorrelation test on signal 2
Cross correlation between binary signal 1 and binary signal 2
shown in figure 9, the test shows cross correlation (crosstalk)
between signals less than 0.1, so quantization of input signals
reduces the crosstalk between input signals [7].
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Figure (9) Cross correlation test between signal 1 and signal 2

IV.PULS CODE MODULATION DE- MULTIPLEXING
SIMULATION

Transmitted digital signals in section 2 are de-multiplexed in

figure 10, where multi Low pass filter are used to re-cover the

input signal, then re-shifted by its amplitude Ai, Az and

amplified by K.
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Figure 10: PCM De-Multiplexing
Waveforms at the scope can be shown in figure 11.

Figure 11 : a. Signal 1, b. Signal 2, c. Recovered signal 1
d.Recovered signal2

From this figure it could be shown that the recovered signal
had a delay time. Delay time t of signal 1 is 0.002s and
signal2 t=0.001s. since fi< f, so 11 > 1.

To overcome the delay time t on the recovered signal, two
methods are used:

1. Reduce the order of low pass filter[8,9].
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2. Using the delay block in the simulation model as
shown in fig 10[8,9].
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Figure 12: PCMM De-multiplexing with time delay
cancelation.
Output signals of figure 12 are shown in figure 13, where the
delay time in recovered signals canceled.

Figure 13 ‘. Sinal 1, b. Reoverd sigal 1, c. delay of
signal 1 d. Signal 2, e. Recovered signal2 , f. delay of signal 2

V.CONCLUSION

Pulse code modulation multiplexing and de-multiplexing was
implemented in Matlab Simulink with high performance in
both autocorrelation and cross correlation on the transmitting
multi input signals which mean high inequality and no
interference between input signal , at the receiver time delay
had overcame by reducing order of the low pass filter and
delay block in Matlab Simulink laibrary.

REFRENCES

1. jon G. van Boss, ‘signaling in telecommunication networks', 2007.

2. Horan, S., Introduction to PCM Telemetering Systems, 2nd Edition,

CRC PRESS, 2002

Roger L. freeman,'fundamentals of telecommunication’, 1999.

George F. Pfeifer, Pulse Modulation and Demodulation,2004.

Steven T. Karris, Introduction to Simulink® with Engineering

Applications,2006

6.  Chen-Nee Chuah,'Capacity Scaling in MIMO Wireless Systems Under
Correlated Fading', IEEE, 2002

7. Botao Miao, R.egan Zane, 'A Modified Cross-Correlation Method for
System ldentification of Power Converters with Digital Control’,
IEEE,2004

o w

Published By:
Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)

Exploring Innovation


https://www.openaccess.nl/en/open-publications
http://www.ijitee.org/

Design and Simulation of Pulse Code Modulation Multiplexing (PCMM) and De-Multiplexing Technique in MATLAB

8. lJing Yang , ' delay minimization In multiple access channels', I|EEE,
2009.

9. F. Adachi and K. Takeda, 'Delay- time=code division multi-access in
frequency-selective channel’, Redistribution subject to IET licence,
2008.

Fatima Faydhe AL-Azawi Received her B.Sc. in Electrical
and Electronics from the Faculty of communication
Engineering, University of Technology Baghdad, Irag in
2003, received the M.Sc. degree in engineering from Faculty
of communication Engineering, University of Technology
Baghdad, Iraq in 2005 Currently she is Lecturer, Researcher
and training supervisor, Dep. of Electronic in Institute of
Technology Baghdad Email : Fatima_faydy1981@yahoo.com.

Zainab Faydhe AL-Azawi Received her B.Sc. in Electrical
and Electronics from the Faculty of electronic and
communication Engineering, University of Technology
Baghdad, Iraq in 2007, received the M.Sc. degree in
engineering from Faculty of electronic and communication
Engineering, University of Technology Baghdad, Irag in
2012, Currently she is Lecturer, Researcher and training
supervisor, Dep.  Computer Technology  Engineering  AL-
MANSOUR UNIVERSITY COLLEGE

Rafed shaker AL- fartosy received his B.Sc. academy of
engineering — Sarajevo — Bosnia's Repablic in 1985, and
received the M.Sc. degree in electrical engineering —
university of of Balgrade in 1987. Currently he is
Lecturer, Researcher and training supervisor, Dep. of
Electronic in Institute of Technology Baghdad.

Published By:

Retrieval Number: J15090331014/14©BEIESP Blue Eyes Intelligence Engineering

] | Website: Tiitee. and Scier)ces Publi_cation (BEIESP) g
ournat Yebsite: www.ljitee.org 8 © Copyright: All rights reserved. Exploring Innovation!



http://www.ijitee.org/

