16 QAM Base Band Communication System

Abstract:

This Project will focus on the Design and Simulation of 16-Quadrature Amplitude Modulation (QAM), demodulation, constellations plot for visualizing communications signals as well as error rates computation of the digital system designed.

QAM is a method for using a single channel as two separate channels that are orthogonal to each other. The information is divided into Inphase and Quadrature components. The outputs of both modulators are algebraically summed and the result is then transmitted. Due to the orthogonal characteristics of the two channels, the Inter Symbol Interference, ISI between the Inphase and the Quadrature components is reduced. This ensures the transmission with reduced probability of bit error, which is the desired objective for the establishment of error free communication system.

Using the MATLAB Communication Tool Box the channel is modeled with Additive White Gaussian Noise (AWGN). That gets added with the information signal sent from the transmitter with in the channel. As this corrupted data is received at the receiver, the signal is demodulated first. Then we shall do error analysis that will include the use of Eye Diagrams and Scatter Plots. Constellation Diagrams will be used for the decision making.

Later on we determine the bit error of the communication system. Here the transmitted signal and the demodulation (or received) data are compared to obtain the number of bit errors and the bit error rate. We shall plot the signal constellation diagram, which will illustrate the whole communication process.

Introduction: 
Our Motivation for the project of QAM comes from the fact that DSB occupy twice the bandwidth requirement for Base band signals.  
This disadvantage can be overcome by using Quadrature Amplitude Modulation (QAM).
In QAM two DSB signals are transmitted using the carrier of the same frequency but in Phase Quadrature. Both the halves are used, thus the bandwidth efficiency is increased. 
With this scheme we can transmit at twice the symbol rate as compared to a simple base band communication system.

As shown in Fig 1 the two input signals are to be transmitted. The 1st input ‘m
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t to get the ‘Q’ Quadrature component which are then added and sent.
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Fig 1 Quadrature Modulator

Mathematically we can write the corresponding output QAM signal φ
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The output modulated signal φ
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 is coherently (synchronously) detected at the demodulator side and where the two base band signals are separated and received using two local carriers in phase Quadrature as shown in Fig2
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                                                  Fig 2 Quadrature Demodulator
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The last two terms of equation 2 are suppressed by the low pass carrier, yielding the desired output m
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(t). 
Similarly, the output of the lower receiver branch can be obtained as m
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(t).
This scheme is know as Quadrature amplitude modulation (QAM) or Quadrature multiplexing 

Applications:
1. Quadrature multiplexing (QAM) is used in color television to multiplex the chrominance signals

2. QAM is used in old telephony systems

Matlab Implementation of 16 QAM:

In this modulator, 4 bits are transmitted per symbol, ie, Rb = 4Rs. Where Rs and Rb are symbol rate and bit rate respectively. The symbols are distributed in four different amplitudes and 12 different phases as shown in the following Fig 3.
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Fig 3. 16 QAM Constellation

Problem solution: 

It is explained in the following steps.

1. A random binary data stream is generated. Total number of bits is 1 million at the moment in our matlab code. We can change it to any number by simply changing the variable ‘n’ in our code.

2. The binary data is transformed to symbols of 4 bit each. Thus ranging from 0 to 15. Total symbols will be n/4. In our case there are 25000 symbols.

3. These symbols are modulated using 16 QAM scheme. We can increase the error performance by increasing the output message frequency, Fs. 

4. This data stream is transmitted over a channel modeled by Additive White Gaussian Noise. 

5. The corrupted data is demodulated. 

6. First we found the Probability of Symbol Error by comparing the symbols transmitted and symbols that are received.

7. Then the 25,000 received (demodulated) symbols are reshaped back to 100,000 bits. These received (noisy) bits are compared with the transmitted bits to compute the Probability of Bit Error.

Matlab Functions Being Used:

Following is the table that contains the key Matlab functions that we used. 

	Function Name


	Brief Description

	Randint
	Generates a random binary data with uniform probability

	Reshape
	Changes the size of the matrix

	Dmodce
	Modulates by QAM scheme

	Awgn
	Channel’s Additive White Gaussian Model

	Ddemodce
	Demodulates by QAM scheme

	Biterr
	Computes the system’s Probability of Bit Error

	Symerr
	Computes the system’s Probability of Symbol Error

	Scatterplot
	Draws the constellation diagram

	Bin2dec
	Converts a binary string to a decimal value

	Str2num
	Converts a string to a numerical value

	Num2str
	Converts a numerical value to a string


Table 1.
Matlab Code: 

clc
clear all
close all
M = 16; %possible no of messages or symbols
k = log2(M); % no of bits per codeword(symbol)
no_of_bits = 100000; % total no of bits = 100,000
EbNo = 10; %dBs
Fs=2; %output message sampling frequency
%%%%%%%%%%%%%%%%%% The Transmitter%%%%%%%%%%%%%%
x = randint(no_of_bits,1); % 100,000 random binary 1's and 0's
figure;
subplot(211);
stem(x(1:40));% a stem of first 40 bits.
title('(1st 40 out of 100,000) Message Bits');
xlabel('Bits-->'); ylabel('Bit value');
% symbol generation
r=reshape(x,k,length(x)/k)';
xsym=bin2dec(num2str(r));
%% Stem of first 10 Symbols
subplot(212);
stem(xsym(1:10));
title('(1st 10 out of 25,000)Message Symbols');
xlabel('Symbols-->'); ylabel('Magnitude');
%%%%%%%%% 16-QAM modulation%%%%%%%%
t_x = dmodce(xsym,1,Fs, 'qask',M);%%%%the transmitted signal, s(t)
%%%%%%%%%%%%%%%%%%%the Channel%%%%%%%%%%%%%%%%%
SNR = EbNo + 10*log10(k);
r_x = awgn(t_x,SNR,'measured');%% the received Signal, r(t)=s(t)+no_of_bits(t)
% Scatter Plot of received signal
h = scatterplot(r_x(1:15000),1,0);
title('Received Signal Constellation');
axis([-5 5 -5 5]); % Set axis ranges.
% demodulation
zT = ddemodce(r_x,1,Fs, 'qask', M);
z_bits = reshape(de2bi(zT,'left-msb').',prod(size(de2bi(zT,'left-msb'))),1); %vector regeneration
disp('Total number of bits transmitted ');
disp(length(x))
[Total_number_of_erroneous_bits_received,Probability_of_bit_error] = biterr(x,z_bits)% the bit error computation
[Total_number_of_erroneous_symbols_received,Probability_of_symbol_error] = symerr(xsym,zT)% the symbol error computation
Matlab’s Post Simulation Analysis:
Results Displayed in The Command Window of Matlab are as follows:

Total_number_of_erroneous_bits_received =  3

Probability_of_bit_error = 3.0000e-005

Total_number_of_erroneous_symbols_received = 3

Probability_of_symbol_error = 1.2000e-004

Graphs

Graph 1:

In first graph there are two parts. In the upper part of the graph first 40 bits are displayed. In the lower part of this graph 10 corresponding symbols for 40 bits are displayed.
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Graph 2:

In this graph the constellation diagram of 16 QAM is shown. [image: image31.emf]-5 0 5
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Limitations: 

1. We could have done source coding using Lempel-Ziv-Welsh or Huffman coding. But due to time constraints we couldn’t.  

2. Similarly channel coding (block, convolutional and cyclic coding ets) could have been done but due to time constraints we couldn’t

3. We could have applied random voice signal as an  input but due to speed limitations of MATLAB we couldn’t applied voice signal as a random signal  

Annexure A:

1. RANDINT: 

RANDINT Generate matrix of uniformly distributed random integers.

    OUT = RANDINT generates a "0" or "1" with equal probability.

    OUT = RANDINT(M) generates an M-by-M matrix of random binary numbers.

    "0" and "1" occur with equal probability.

    OUT = RANDINT(M,N) generates an M-by-N matrix of random binary numbers.

    "0" and "1" occur with equal probability.

    OUT = RANDINT(M,N,IRANGE) generates an M-by-N matrix of random integers.

    IRANGE can be either a scalar or a two-element vector:

Scalar : If IRANGE is a positive integer, then the output integer range is 

              [0, IRANGE-1]. If IRANGE is a negative integer, then the output integer range       

              is [IRANGE+1, 0].

Vector : If IRANGE is a two-element vector, then the output

              integer range is [IRANGE(1), IRANGE(2)].

OUT =  RANDINT(M,N,IRANGE,STATE) resets the state of RAND to STATE.

2. RESHAPE

RESHAPE Change size.

    RESHAPE(X,M,N) returns the M-by-N matrix whose elements

    are taken columnwise from X.  An error results if X does

    not have M*N elements.

    RESHAPE(X,M,N,P,...) returns an N-D array with the same

    elements as X but reshaped to have the size M-by-N-by-P-by-...

    M*N*P*... must be the same as PROD(SIZE(X)).

    RESHAPE(X,[M N P ...]) is the same thing.

    RESHAPE(X,...,[ ],...) calculates the length of the dimension

    represented by [ ], such that the product of the dimensions 

    equals PROD(SIZE(X)). PROD(SIZE(X)) must be evenly divisible 

    by the product of the known dimensions. You can use only one 

    occurrence of [ ].

    In general, RESHAPE(X,SIZ) returns an N-D array with the same

    elements as X but reshaped to the size SIZ.  PROD(SIZ) must be

    the same as PROD(SIZE(X)).

3. DMODE
Y = DMODCE(X, Fd, Fs, METHOD...) outputs the complex envelope

   of a digital modulated signal.  The sample frequency of the

   message signal X is Fd (Hz) and the sample frequency of Y is

   Fs (Hz), where Fs/Fd is a positive integer. For information

   about METHOD and subsequent parameters, and about using a

   specific modulation technique, type one of these commands at

   the MATLAB prompt:

   dmodce qask         M-ary quadrature amplitude shift keying modulation

4. AWGN
AWGN Add white Gaussian noise to a signal.

    Y = AWGN(X,SNR) adds white Gaussian noise to X.  The SNR is in dB.

    The power of X is assumed to be 0 dBW.  If X is complex, then 

    AWGN adds complex noise.

    Y = AWGN(X,SNR,SIGPOWER) when SIGPOWER is numeric, it represents 

    the signal power in dBW. When SIGPOWER is 'measured', AWGN measures

    the signal power before adding noise.

    Y = AWGN(X,SNR,SIGPOWER,STATE) resets the state of RANDN to STATE.

    Y = AWGN(..., POWERTYPE) specifies the units of SNR and SIGPOWER.

    POWERTYPE can be 'db' or 'linear'.  If POWERTYPE is 'db', then SNR

    is measured in dB and SIGPOWER is measured in dBW.  If POWERTYPE is

    'linear', then SNR is measured as a ratio and SIGPOWER is measured

    in Watts.

5. SCATTERPLOT
SCATTERPLOT Generate a scatter plot.

    SCATTERPLOT(X) generates a scatter plot of X.  X can be a real or complex

    vector, or a two-column matrix with real signal in the first column and

    imaginary signal in the second column.

    SCATTERPLOT(X, N) generates a scatter plot of X with decimation factor N.

    Every Nth point in X is plotted, starting with the first value.  The default

    for N is 1.

    SCATTERPLOT(X, N, OFFSET) generates a scatter plot of X with an offset.

    OFFSET is the number of samples skipped at the beginning of X before

    plotting.  The default value for OFFSET is zero.

    SCATTERPLOT(X, N, OFFSET, PLOTSTRING) generates a scatter plot of X    

    in the line types, plot symbols and colors described by PLOTSTRING.   

    PLOTSTRING can be any of the strings used in the PLOT function.  The 
    default value for PLOTSTRING is 'b.'.

    H = SCATTERPLOT(...) generates a scatter plot and returns handle to the   

    figure used to generate the scatter plot.

    H = SCATTERPLOT(X, N, OFFSET, PLOTSTRING, H) and    

    SCATTERPLOT(X, N, OFFSET, PLOTSTRING, H) generate scatter plots  

    using the figure indicated by the handle, H.  H must be a valid handle to a   

    figure that was previously generated by SCATTERPLOT.  Default for H is [],   

    which causes SCATTERPLOT to create a new figure.

6. DDEMODCE
Z = DDEMODCE(Y, Fd, Fs, METHOD...) demodulates the digital baseband

   modulated signal Y with sample frequency Fd (Hz), and computation

   sampling frequency Fs (Hz).  The ratio Fs/Fd must be a positive integer.

7. BITERR
BITERR Compute number of bit errors and bit error rate.

    [NUMBER,RATIO] = BITERR(X,Y) compares the unsigned binary

    representation of the elements in the two matrices X and Y.  The number

    of differences in the binary representation is output in NUMBER.  The

    ratio of NUMBER to the total number of bits used in the binary

    representation is output in RATIO. The same number of bits is used to

    represent each element in both X and Y. The number of bits used is the

    smallest number required to represent the largest element in either X

    or Y.  When one of the inputs is a matrix and the other is a vector the

    function performs either a column-wise or row-wise comparison based on

    the orientation of the vector.

8. SYMERR
SYMERR Compute number of symbol errors and symbol error rate.

    [NUMBER,RATIO] = SYMERR(X,Y) compares the elements in the two 
    matrices X and Y. The number of the differences is output in NUMBER. The 
    ratio of NUMBER to the number of elements is output in RATIO. When one of  

    the inputs is a matrix and the other is a vector the function performs

    either a column-wise or row-wise comparison based on the orientation of

    the vector.
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