CHAPTER IiI

SIMULATION ON MATLAB

This chapter contains experiments including four principal topics: signal and
linear system, baseband digital transmission, digital transmission through bandlimited

channels, and digital transmission Vig ier modulation. All of these experiments

were designed to facilitate lea g ng p : ff gncerning basic digital communication
theories of undergraduate w___‘: he giaplwe™user interface (GUI) of MATLAB
provides students with intc mn catures thal ienable them to easily understand the
changing in output signal#8cgerd o't .\ of input parameters. In this
chapter, GUI interfaces / v/ t \ imumieation theories are presented

including Fourier serie gene a or, convolution, line code,

power spectrum den

and QPSK.

root-raised cosine, BPSK,

3.1 Opening Window

As seen in figur here are for s ifi'this graphic user interface
] e ——————————————————————ill] I
covering signal and,li \§haission, digital transmission

through bandlimited ‘channels, and dig ansmission via carrier modulation. In

i¥

addition, four PDF filgs containing questigns for students in each topic and one
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3.2

\g

Instruction User

For F ﬁ rﬂwm ﬂ ‘EJ tudy Fourier series of
seven types ﬁlﬁﬁ ? ﬂul ﬁd sine wave, cosine,
triangle, chppmg triangle, rectangular, and haft-duplex rectangulaw As seen in figure

16, OB UREh G bl it dri < i biena wpe ana

that of ﬂs Fourier transform and for convenience, equations of each signal type are

also supplied to users. Moreover, three parameters; amplitude, order, and period of the
Fourier series equations are made to be adjustable for perceiving the effect of
changing in parameters toward the output signal of Fourier transform. Noticeably, in
the case of order numbers, the more the values of order numbers, the more similarity

between the shape of original signal and output signal of Fourier transform.
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Joseph Fourier was born 21 Maich 1767
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itial, values of shift registers. After

1 button below, users can see the PN bit

Output Sequence
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Detail: |

— i

The PN generator is a useful source of K|
random data bits for system testing. It
The PN sequence will repeat with
27k-1, where k is the width in bits of the
shift register.

Figure 17 PN_bit windows.
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In figure 18, animation of convolution among rectangular, triangle, bipolar
square signal and exponential signal are illustrated. The types of input signals for
convolution can be chosen by clicking at the checkboxes. The CONV button is used
to start the convolution and the Pause button is intended for temporary stopping of the

process.

Convolution
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e - g affant conlinuous-time syslem

an be described the

o NX(E-Y) dv
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e.lf'h al h{t) is the response of the sys-
2 Unit

A

g
R Db 10 e d (i

In the ?c‘:cond part of GUE two main gxperiments aboyt Line Coding and

oo G S U AT HPBIHR B i

about bseband digital transmission.

Instruction User Guide

The line coding generates transmitted signal to be sent through communication
channel from a stream of bit 0 and bit 1. There are seven types of line coding included

in this experiment which are unipolar NRZ, unipolar RZ, polar NRZ, polar RZ,
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bipolar NRZ, bipolar RZ, and Manchester line coding. In addition, the input bit can
set to be either fixed or random mode as seen in figure 19. Users can put the initial
values in the boxes below the graph either by manually or randomly after that users
press either on the Fix or Random button on GUI for processing in manual or random

mode respectively.

=doks

A code chosen for use within @ communication system
for transmission purposes

& Kigure 19 Linecading windows.
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For po r spectrum den31ty‘analy51s it 1gludes all of th ven types of line
A WA AN AT ABE ﬂCEIm densiy are
presented in figure 20. Users can see the power spectrum density for comparing the
performance of each line code type and can click on the equation button to see the

derivation of power spectrum density.
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3.4  Pulse Shapin/

In the third \ periments about pulse shaping is
provided so as to give ng t digital\transmission through bandlimited
channels. \

i
The impulse response g the fransmit filter determines the spectral

characteristics of thestran argrlimited in the time domain

ahd, bandlimited pulses are

are infinite in the :ii’_ uency domain.
infinite in the time (ﬂnal ~€
(ISI) after sampling, the lEaigade of the tranggit and receive filter g(¢) = g, (t) * g, (?)

needs to meetﬁl utﬁjcfu}%nﬁj:%qvﬁlwmﬁaﬁn chapter 2.
“RIFNIUUNINY 1A Y

Firstly, the pulse shaping and the Fourier spectrum of an NRZ rectangular

order tﬂavoid intersymbol interface

pulse is displayed in figure 21.
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In figure 22 alse s with different roll off
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Figure 23 Square-R: d-Cosine Pulses windows

3.5 Introduction to S

In this section / // / \"\ \\ k.to help explain the digital

communication syste

program for simulating //‘
Within the MATLAE 6‘
represented using bloc i1 38

1S4 4 7 u ce allows us to use such a
block diagram directly for ogr .p,u,. .;: Jimul k. he dynamical system in this

;

x -. ation. Simulink is, in short, a
: u\_ iding a graphical interface.

Dynamical systems are often

thesis is the digital modulation & heme ing data.

Simulink i§-$tdfted by the . command “sibink” from the MATLAB

-

, LY
workspace. The Blo provide the blocks available in

[ I
the Simulink library & “ een in figure 24. -

e R B ST T s s

or Sinks. You c?fl open a library by double-clicki ng on the respectiyg button.
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model cénsists of transmitter, AWGN channel, and receiver as shown in figure 25.

The model includes a meter to measure the signal in eye pattern, scatter plot (signal-

space contellation), and the time domain signal measurement.
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¢ ter and receiver by looking at
the time domain si - Sguree signal a(t), tranSmitted signal u(t), and signal
x(t) at matched filter j@putge : A crye\ca \ p of signal processing from
source to sink. It is usefal fg ;-1; nding he digital,communication system as we
can easily practice what 1 fii : \‘\« are three experiments in BPSK
Simulink which is NRZ regfang szé: ith matched filter, raised-cosine pulses,
and square-root raised-cosine puises— :

L

“Instruction User f;-, * = Y j
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There are three n}am menus in 51mu1at10n tool as seen in figure 26(a), (b), (c).
First of all, ¢ ﬁ r/?fPﬂ ﬂﬁm rmaln controlling menu.
Secondly, chﬂ w it’ filter to either rectangular, Raised-
Cosin ﬁ‘ (ﬁg ype of receive
filter n ﬁ?‘]ﬁﬁﬁ% mum’;i: ﬂi]/ﬁi
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Figure 26 (a) Maul\ \tr\a\l! (b) Transmit filter menu,
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3.61 BPSK>NRZ / /i

Instruction User Gui
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Time pffset: ' 0

Figure 28 Transmitted Signal u(t) of BPSK > NRZ Rectangular > Matched Filter.
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Figure 29 Signal x(t) At Matched Filter Input of BPSK > NRZ Rectangular >
Matched Filter.

Figure 30 Transmitter-tajec ansmitter scatter plot

|| .
BPSK with NRZ rectdfigular pulses. for BPSK'With NRZ rectangular pulses.
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3.6.2 BPSK > Raised-Cosine

Instruction User Guide

In this section we investigate BPSK with raised-cosine pulse. We choose
BPSK > Raised-Cosine from the menu tool for simulation. In figure 36, the model of

BPSK with raised-cosine pulses is shown.

<’
O

m= [=)
- 1
Figure 36 Simulink mogél fg SKawi : Lhissd e osk“e Pulses and Matched Filter.

Users can double j€lic building boxes for observing the

characteristics of time domain §i‘§n‘§is, ey@s, and scatter plots (in figure 37-46).
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Figure 38 Basedband signal s(t) of BPSK > Raised-Cosine.
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Figure 41 Demodulatj bascband signals s athed Filter Output of BPSK >

Raised- Cosme
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Time offset: 0

Figure 42 Sink signal v(t) of BPSK > Raised-Cosine.
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Figure 43 Eye pattern aif€ safisfiritier, |\ Fig i Eye pattern at the receiver for

BPSK with raised-cosia L = or BPSK with raised-cosine pulses.
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with raiged-cosine pulses. BPSK with raised-cosine pulses.
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3.6.3 BPSK > Root-RC
Instruction User Guide

Choosing BPSK > Root-RC in order to investigate BPSK with square-root
raised-cosine pulses. The time domain signals, eye patterns, and scatter plots are

depicted in figure 47-56.

Carry out the experimen&ﬁ\\{y # ay that is conducted in the previous
te tha‘%

section for raised-cosine pu \‘ﬁm & zero ISI condition is met at the
P ____,Z

matched filter output. TW

Y

m.o A
|@ o 8 o &

Figure 47 Sewdé.ﬁigrﬂ%PﬁK >§Root-RC.
N i
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Figure 52 Sink signal v(t) of BPSK > Root-RC.
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Figure 53 Eye pattern e pattern at the receiver

for BPSK with square- 1. cosif \\\\' h square-root raised-cosine

pluses.
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Figure 55 Transmitter scatter plot for Figure 56 Receiver scatter plot for

for BPSK with square-root raised-cosine  for BPSK with square-root raised-cosine

pluses. pluses.
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3.7 QPSK Simulink

Instruction User Guide

Choose to experiment on QPSK with square-root raised-cosine pulses: QPSK
> Root-RC. The Simulink model is shown in figure 57. The transmitter and receiver
models depicted in figure 58 and figure 59 are opened by a double-click on the blue

box Transmitter or Receiver, respective

Open the transmitt&s 1. st simulation. Note that now separate eye

patterns are displayed for botli-quadratu ents that are identical to the

respective BPSK eye patgan® i’ figute 53 “*-"'e time domain signals in both

quadrature components lg K s ignals. The QPSK signals are

shown in figures 60-68 i e scatter plot observed at the

receiver in noisy chafinel§’ 190K simila g . spect the envelope of the

modulated signals in thé'q ransmitted signal u(t).

Receiver
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Figure 58 Simulink model @!"’%r with Square-Root RC Pulses.
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Figure 60 In-Phase source signal a_c(t)
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Figure 61 Quadrature source signal a_s(t)
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Figure 62 L mpmmf ul c(f) of Transmltted signal
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Figure 63 Quadrature cor’npo;_i s! t) of ];?nsmitted signal

Time offset: ~ 0

Figure 64 Transmitted signal u(t)
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Figure;]’ ﬂ%ar\i’mr m u ﬁ‘!lg-‘g6nﬂl\g altEJ plot for
Qpsk. QPSK.
The next chapter deals with implementation on C6711 DSK. The experiments

in the next chapter are designed to help students become familiar with C6711 DSK

and acquire sufficient skills to use C6711 DSK according to their own interests.
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