Welcome to MATLAB DigComm LAB
1. Matlab Toutrial

http://www.math.utah.edu/lab/ms/matlab/matlab.

html#starting

2. LAB1 to LABS5 : BASIC WAVES
3. LECTURE: Complex Exponential Function
LABG to LAB7

4. Channel Modeling
LABS

5. OFDM modeling and Error Rate Measure
LAB9 to LAB11

6. REPORT TASK

2013/12/14 2013 DigComm Lab (Fire Tom Wada)



http://www.math.utah.edu/lab/ms/matlab/matlab.html#starting

LAB1: AM

* Write Amplitude Modulation (AM) program
by MATLAB

« A=1+0.5"cos(2*pi*1™)
» fc =5Hz
« Use Sampling frequency fs = 100Hz

x(t)=Acos(2nf .t + @)
= Acos(2af .n/ fs+ @)
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LAB1: AM answer

* n=0:1000; % 1001 points

« fc=5;
« fs=100; % Sampling Frequency
+ t=nffs; % time index 15

e % INPUT to Modulator
« A=1+0.5"cos(2*pi*1*t); o
e % OUTPUT

« x=A."sin(2*pi*fc*t); os " " " " L J
* % FIGURE

« figure(1); ‘f

*  subplot(2,1,1); 05

+ plot(A); .

- subplot(2,1,2); L

+  plot(x); "% 200 200 500 500 7000 200
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LABZ2: AM Demodulation

 Use LAB1 result x and calculate y as each
X IS squared.

* If you connect each peak of y, you can
recover original A.
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LAB2: AM Demod answer

* n=0:1000; % 1001 points

« fc=5;

« fs=100; % Sampling Frequency

+ t=nffs; % time index 15 ,

* % INPUT to Modulator A |
« A=1+0.5%cos(2*pi*1*t);

e % OUTPUT 05, 200 200 500 500 1000 1200
«  x=A *sin(2*pi*fc*t); ] ' ' ' ' '
XA 0

s y=X."X :; . : : : .

% FIGURE 30 200 400 ” - - -
« figure(2);

*  subplot(3,1,1);

*  plot(A); o 0 a a0 a0 h"l 1200
*  subplot(3,1,2);

*  plot(x);

*  subplot(3,1,3);

*  plot(y);
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LAB3: Spectrum of square wave

* Analyze below pulse spectrum by Discrete
Fourier Transform.

. -

0 1 0 1 0 1 0 1
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LAB3: Spectrum answer

Assume T = 10 points

«  n=1:1:80;

« x=[zeros(1,10), ones(1,10), zeros(1,10),
ones(1,10), zeros(1,10), ones(1,10),
zeros(1,10), ones(1,10)];

« figure(3)

*  subplot(2,1,1); |
*  plot(x); |

+ axis([1,80,-0.5, 1.5]);

- %%

©y = fit(x); 50

. subplot(2,1,2); °l |
*  plot(abs(y)); 2 1
- axis([1,80,-10, 50]); U\ A A A K
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LAB4: BPSK waveform

« Make BPSK waveform as follows
x = AcosQaft+ @)

When data=0 X = Acos(27ft)

When data=1 x=AcosQnaft+r)
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LAB4 .

. n=0:32;

o fc=2;

« fs=32; % Sampling Frequency
+ t=nffs; % time index

* % BPSK waveform

* X0 = cos(2*pi*fc*t);

« x1 =cos(2*pi*fc*t + pi);

* % FIGURE

« figure(5);

* subplot(2,1,1);
*  plot(x0);

*  subplot(2,1,2);
*  plot(x1);
2013/12/14
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LABS5: QPSK waveform

« Make QPSK waveform as follows
x = AcosQaft+ @)

Sy S (A ’(D ) —
o Ly T g fo0, x=AcosQaft+m/4)
x =Acos2nft+3r/4)
et R x=AcosQnft+5rx/4)
2, 2 \ !
=0,5m4) o | e Sigmm | X =AcosQaft+Tr/4)
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LABS5: QPSK answer

n=0:32;
fc=2;

fs=32; % Sampling Frequency

t = n/fs; % time index

% QPSK waveform

X0 = cos(2*pi*fc*t + 1*pi/4)
x1 = cos(2*pi*fc*t + 3*pi/4);
X2 = cos(2*pi*fc*t + 5*pi/4);
x3 = cos(2*pi*fc*t + 7*pi/4)
% FIGURE

figure(5);

subplot(4,1,1);

plot(x0);

subplot(4,1,2);

plot(x1);

subplot(4,1,3);

plot(x2);

subplot(4,1,4);

plot(x3);

2013/12/14

2013 DigComm Lab (Fire Tom Wada)

T T
20 o5 20
/I I
20 o5 20
T T T
I \
20 o5 30
T T
\ I
20 5 20

35



LECTURE:
COMPLEX EXPONENTIAL
FUNCTION
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1. Complex Exponential Function

» \We will shift from SIN and COS to
Complex Exponential Function.

3\5(1‘) — A/ PH*P)

= AcosQnaft+ @)+ j- Asin(2xft + @)
\ J \ )
Y Y
Real part Imaginary part

* Real and Imaginary =complex number
* Real part is same as previous cosine wave.
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2. Real — Imaginary plane
« 1Q plane

— I In-Phase = Real axis
— Q: Quadrature-Phase = Imaginary axis

« Real-Imaginary plane (Complex plane)
— Complex number can be indicated as a point

Imaginary axis (Q)

atjb

Complex plane

o a > Real axis (1)
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Complex Exponential Function Shows
Rotation in I-Q plane

f)\CJ(l‘) _ Aej(27?f7f+¢)
= AcosQaft+ @)+ j- Asin(2xft + ¢)
\ ) \ J

Y Y
Real part Imaginary

. X(1)

Imaginary (Q) 4

AsinQafrf §) [
\27;ﬁ+ ¢
- ——— Real ()
AcosQraft+ ¢)
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Complex Exponential Function
shows Rotation on TIME!

Quad-Phase

LN
I

In-Phase
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Complex Amplitude

(Phaser)

3\5(1‘) = Aej(zww) . «w , radian per second
. - X = Ae’* = -
— Ae’? . o/ % ,r’# 'ﬁ Ej.-jqji
assume N i g
. ":;-]--"'f
X = Ae’? Smid

L L]
¥~ wradian per second

> E]?e{z}

X(t)=X -/ a

=2
% =27 F(f) = Xef%f/L

A

« X=x(t=0) shows

« X shows the t=0

starting point (t=0) . A position.

« Xis called as
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QPSK
by Complex Exponential Function

Imaginary (Q)
37
1z 1z St
- jQAH=) S o I Az
xo(t):e 4 = e 4 '6‘] 7# e //'/— \\~\ ej 4
I’ 7#”37[) j37z ’ ‘
~ - - .27ﬁ 7 \\\ /z/ \\
X (t)=e = 4@
1( ) . . T Real (1)
~ jQaiv=) ==, \ 0
X,(t)=e ‘= 4/ _
, 77 T ‘ ’
_ JQ2rft+——) I~ i N i
X,(t)=e 4= 4L R S
4 J
e e 4

Complex Amplitude (Phaser) = Constellation point
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Conversion
from Complex Exponential Function
to Real sinusoid.

(1) = Ae/ P79
= Acos(2aft + @) + j - Asin(2xft + @)

Take Real Part
Then
You can convert!

X(1) = Ao/ 2H1+9)
Acos(2aft + @) = Re[x(t)] = Re[Aej(zﬂme]

2013/12/14 2013 DigComm Lab (Fire Tom Wada)



LABG6: QPSK waveform

« Make QPSK waveform as follows using
%(t) — A/ ?HH+P)
= Acos@aft+ @)+ j- Asi(2aft + @)

(A1, D 1) TP SN (Ao, @ 0)
=(1,3m/4) g b 1 =(1, 1m/4)
\\\:;%:/
//0 ) l,
1, @2 W /| (A2, ®2)
=(1, 5-”-/4) \‘\\\ ///‘ =(1’ 7_n_/4)
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LAB6: QPSK (2)

n=0:32; fc=2;

fs=32; % Sampling Frequency

t = n/fs; % time index

% QPSK Phasers

X0 = exp(1j*1*pi/4); X1 = exp(1j*3*pi/4);

X2 = exp(1j*5*pi/4); X3 = exp(1j*7*pi/4);

% FIGURE

figure(61); plot([X0, X1, X2, X3], '+');

axis([-11-11]);

%

XOwave = X0 * exp(1j*2*pi*fc*t); X1wave = X1 * exp(1j*2*pi*fc*t);
X2wave = X2 * exp(1j*2*pi*fc*t); X3wave = X3 * exp(1j*2*pi*fc*t);
%

figure(62);

XX=real(X0Owave); YY=imag(XOwave); ZZ=t;

plot3(XX, YY, ZZ); xlabel ('I'); ylabel('Q"); zlabel('time'");
%

figure(63);

subplot(4,1,1); plot(real(XOwave));

subplot(4,1,2); plot(real(X1wave));

subplot(4,1,3); plot(real(X2wave));

subplot(4,1,4); plot(real(X3wave));
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LAB7: Draw BER graph
« Make following graph by MATLAB

QPSK(bit) = BPSK(bit): P,=0.5erfc[V(E,/Ny)]

0

P, 10
107 R

o
%: 102 \\-\ * o
% 108 \
E- 104 \QF’EH&EF’EH
s \
< 1075 \

107®
0 10 20
2013/12/14 2013 DigComm Lab (Fire Tom Wada) Eb"’Nﬂ {dB}



LAB7: BER graph answer

« EBNOdB = 0:1:20; % EbNO in dB

- EBNO =10 .AEBNO0dB/10);

« BER_QPSK = 0.5%erfc(sqrt(EBNO));
«  figure(7);

+ semilogy(EBNOdB, BER_QPSK);

« axis([0 20 1E-6 1]);

« xlabel(' Eb/NO (dB)");

« ylabel(' BER of OPSK');

* gridon;

« title(" QPSK BER');

BER of OPSK

i
10
Eb/MO (dE)
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LECTURE:
CHANNEL MODELING



Multipath Channel
* Direct path and Delayed paths
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Channel Modeling
bv Impulse Response

Fath 2

:

IDivect P ath

Sending > Receiving
Signal Signal
If sending signal is Impulse then, Received signal has many
delayed components.
1 Ag
A A
R

—t—— >

| |
I I I I !
0 D 2D 3D 4D 5D 6D 0 D 2D 3D 4D 5D 6D



Convolution operation

* If you multiply two polynomial
x(2)=1+1z7" +1z7 +1z27° +1z7™°
H(z2)=140.5z"40.2z"

Wz)=H(z)-x(z)

= (140527 + 0.2 J1+ 1270 + 122 41270 + 127 )
—(1+1.5z7+1.727 +1.727 +1.727' + 0722+ 0.227°)

« Channel Impulse Response=(1, 0.5, 0.2)
« Send (1,1, 1,1, 1) signal
 Then Received Signal is (1,1.5,1.7,1.7,1.7,0.7,0.2)
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Channel Modeling
by Impulse Response

Fath 2

;

1,1,1,1,1) (1,1.5,1.7,1.7,1.7,0.7,0.2)
Sending - > Receiving
Signal Signal

H(z) =(1, 0.5, 0.2)

This can be calculated by CONVOLUTION.
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LAB8: CHANNEL

* Assume Channel Impulse Response =
(1, 0.5, 0.2)
* Show each received signal for
1. x1=11,0,0,0,0,0,0];
2. x2=11,1,1,1,1,0,0];
3. n=1:100; x3 = cos(2*pi*n/32),
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2013/12/14

LAB8: CHANNEL answer

%% CHANNEL

h=1[1, 0.5, 0.2];

%% INPUT signal 1

x1=11,0,0,0,0,0,0];

y1 =conv(h, x1); % OUTPUT signal
figure(81)% FIGURE

xa=1:7;

subplot(2,1,1); stem(xa, x1(1:7)); title("TX");
subplot(2,1,2); stem(xa, y1(1:7)); title('RX");
%% INPUT signal 2

x2 =11,1,1,1,1,0,0];

y2 =conv(h, x2); % OUTPUT signal
figure(82)% FIGURE

xa=1:7;

subplot(2,1,1); stem(xa, x2(1:7)); title('TX");
subplot(2,1,2); stem(xa, y2(1:7)); title('RX');
%% INPUT signal 3

n = 1:100; x3 = cos(2*pi*n/32);

y3 =conv(h, x3);% OUTPUT signal
figure(83)% FIGURE

xa=1:100;

subplot(2,1,1); stem(xa, x3(1:100)); title('TX");
subplot(2,1,2); stem(xa, y3(1:100)); title('RX");

05 -
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LECTURE:
OFDM MODELING



OFDM digital communication WORK SHEET

We are going to send 8bits by the following OFDM communication system

00011011 —

Us
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LABQ OFDM

B~ W N

Please draw OFDM symbol complex wave form
including Gl when you send “00011011”.

Please draw OFDM symbol complex wave form
including Gl when you send “10010011”.

Please draw OFDM symbol complex wave form
including Gl when you send “00000000”.

Compare those 3 waveform. Then Did you find any

problem? If yes, please state the problem.

|4+ . Effective Symbol
B

r | » Time

T

[ 1 T » Time
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LAB9 1) answer

c %%

. data=[0,1,2,3]; % 0->00, 1->01, 2->10, 3->11

1k i
° OA) MAP 03_\‘\/\_

- modqpsk= [1+i, -1+i, 1, -1-i]; S

«  const =modqpsk(data+1); G

25 35 45
* % IFFT 2 , , , | |
* uu = ifft(const); T -
« %Gl ADD e S
* uu_g =[uu(4), uul; N . . . . . |
. % FIGURE 7 15 2 25 35 45
- figure(81) ? ' ' ' ' '

- subplot(3,1,1); plot(real(uu_g),"-"); axis([1 5 -2 2]): T

« subplot(3,1,2); plot(imag(uu_g),"”™-'); axis([1 5 -2 2]) gL
«  subplot(3,1,3); plot(abs(uu_g),”*-'); axis([1 5 -2 2]); - | .
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LAB10 OFDM

MAKE 100 symbol OFDM signal based on previous 4 point
OFDM + 1 point Gl.

Add noise of SNR=10dB
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LAB10 OFDM answer

%% 4. Gl add
% Simple OFDM system (send 8 bits/symbol * 100 symbol) . data_4 = [data_3(n_symbol,:);data_3];

% Fire Wada .
clear all; . %%4.1 Add Noise
num_symbol = 100; % number of symbols . sigpower=mean(mean(abs(data_4)./2));
n_symbol = 4; % points in symbol . sn= 10; %% 10dB
M = 4; % size of signal constellation . awgn = (randn(n_symbol+1,num_symbol)+i*randn(n_symbol+1,num_symbol));
modqpsk= [1+i, -1+i, 1-i, -1-i]; . awgnpower=mean(mean(abs(awgn).*2));
. awgn = awgn/sqgrt(awgnpower)*10”(-sn/20)*sqrt(sigpower);
%% 1 . create random data . data_4=data_4+awgn;
data = floor(rand(n_symbol,num_symbol)*M); .
. subplot(2,2,3);
%% 2. mapping into I-Q constellation . plot(real(data_4),"-");
data_1 = modqpsk(1+data); . title('Gl add');
figure(100); . %% 5. Gl remove
subplot(2,2,1); . data_5 = data_4(2:n_symbol+1,:);
plot(data_1,'r."); .
axis([-3 3 -3 3]) . %% 6. FFT
title('data constellation') . data_6 = fft(data_5);
data_2 =data_1, . subplot(2,2,4);
. plot(data_6,'b.");
%% 3. IFFT . axis([-3 3 -3 3])
data_3 = ifft(data_2); . title('receive data constellation')
subplot(2,2,2); . figure(200)
plot((real(data_3)),"-'); . plot(real(reshape(data_4,(n_symbol+1)*num_symbol,1)));
title('IFFT");
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LAB10 OFDM answer

data constellation

2013/12/14

FFT

05

receive data constellation

05

1
100
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LAB11 Symbol Error Rate

Measure Symbol Error Rate for LAB10.
Add noise of SNR=0dB, 5dB, 10dB.
Use ‘demapQPSK.m’ function.

Put the m-file in same directory.

2013/12/14

% demapQPSK.m
% The program demap to Complex to Numerical data.

function graycode = demapQPSK(comp)

re = real(comp);
im = imag(comp);

if (re>=0&im>=0) graycode=0;
elseif (re < 0 & im >=0 ) graycode=1;
elseif (re >=0 & im < 0 ) graycode=2,;
else graycode=3;

end
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LAB11 Symbol Error Rate

% Simple OFDM system (send 8 bits/symbol * 100 symbol)

% Fire Wada

clear all;

num_symbol = 100; % number of symbols
n_symbol = 4; % points in symbol

M =4, % size of signal constellation

modqpsk= [1+i, -1+i, 1-i, -1-i];

%% 1 . create random data
data = floor(rand(n_symbol,num_symbol)*M);

%% 2. mapping into I-Q constellation
data_1 = modgpsk(1+data);

data 2 =data_1;

%% 3. IFFT
data_3 = ifft(data_2);

%% 4. Gl add
data_4 =[data_3(n_symbol,:);data_3];

%%4.1 Add Noise
sigpower=mean(mean(abs(data_4).2));
sn=15; %% 10dB

awgn = (randn(n_symbol+1,num_symbol)+i*randn(n_symbol+1,num_symbol));

awgnpower=mean(mean(abs(awgn).*2));

awgn = awgn/sqrt(awgnpower)*10/(-sn/20)*sqrt(sigpower);

data_4=data_4+awgn;

2013/12/14

%% 5. Gl remove
data_5 = data_4(2:n_symbol+1,:);

%% 6. FFT
data_6 = fft(data_5);

figure(11)

plot(data_6,'b.");

axis([-3 3 -3 3])

title('receive data constellation')

%% 7. recover data

rdata=zeros(n_symbol,num_symbol);
for sym = 1: num_symbol
for index = 1:n_symbol
rdata(index, sym) = demapQPSK(data_6(index,sym));
end
end

%% 8. measure Symbol Error Rate by compare data and rdata

Total_data=n_symbol*num_symbol;
diff = rdata - data;

% count how many not zero in diff
notZero = (diff ~= 0);
Total_error=sum(sum(notZero));

fprintf("** SNR =%4.2f, *** SYMBOL ERROR RATE = %38.5f
***¥n', sn, Total_error/Total_data);
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TASK1

. g/lake a Matlab program to measure Symbol Error Rate vs
N ratio
in 1K OFDM with QPSK modulation

— FFT size = 1024 points in 1 symbol
— Gl length = 1/8*FFT size = 128 points
— Total 100 symbol

« Write Mid Report to explain OFDM simulation including
Your Matlab program

Total 100 symbol waveform

Consternation with SNR=0, 3, 6, 9dB

Symbol Error Rate vs SNR Graph

— Vertical: SER in log scale
— Horizontal: SN ratio 0dB, 1dB ... to 10dB

2013/12/14 2013 DigComm Lab (Fire Tom Wada)

B wh =



