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Abstract:

Pulse-code modulation (PCM) is a digital representation of an analog signal where the magnitude of the signal is sampled regularly at uniform intervals, then quantized to a series of symbols in a digital (usually binary) code. PCM has been used in digital telephone systems and is also the standard form for digital audio in computers and the compact disc red book format. It is also standard in digital video, for example, using ITU-R BT.601. However, straight PCM is not typically used for video in consumer applications such as DVD or DVR because it requires too high a bit rate. Very frequently, PCM encoding facilitates digital transmission from one point to another (within a given system, or geographically) in serial form.
Introduction:

The stream of pulses and non-pulse streams of 1’s and 0’s are not easily affected by interference and noise. Even in the presence of noise, the presence or absence of a pulse can be easily determined. Since PCM is digital, a more general reason would be that digital signals are easy to process by cheap standard techniques. This makes it easier to implement complicated communication systems such as telephone networks (covered later in this course).
The practical implementation of PCM makes use of other processes. The processes are carried out in the order in which they appear below:
· Filtering
· Sampling 

· Quantizing
· Encoding
The filtering stage removes frequencies above the highest signal frequency. These frequencies if not removed, may cause problems when the signal is going through the stage of sampling. Sampling of a waveform means determining instantaneous amplitudes of a signal at fixed intervals. 
                     
[image: image2]
Functions:
FOPEN:

FOPEN  Open file.

    FID = FOPEN(FILENAME) opens the file FILENAME for read access.

    (On PC systems, fopen opens files for binary read access.)

    FILENAME can be a MATLABPATH relative partial pathname.  If the

    file is opened for reading and it is not found in the current

    working directory, FOPEN searches down MATLAB's search path.

    FID is a scalar MATLAB integer, called a file identifier. You

    use the fid as the first argument to other file input/output

    routines. If FOPEN cannot open the file, it returns -1.

    FID = FOPEN(FILENAME,PERMISSION) opens the file FILENAME in the

    mode specified by PERMISSION.  PERMISSION can be:

        'r'     read

        'w'     write (create if necessary)

        'a'     append (create if necessary)

        'r+'    read and write (do not create)

        'w+'    truncate or create for read and write

        'a+'    read and append (create if necessary)

        'W'     write without automatic flushing

        'A'     append without automatic flushing
FREAD:
FREAD  Read binary data from file.

    [A, COUNT] = FREAD(FID,SIZE,PRECISION) reads binary data from the

    specified file and writes it into matrix A.  Optional output

    argument COUNT returns the number of elements successfully read. 

    FID is an integer file identifier obtained from FOPEN.

    The SIZE argument is optional; if not specified, the entire

    file is read and the file pointer is at the end of the file (see

    FEOF for details); if specified, valid entries are:

        N      read N elements into a column vector.

        inf    read to the end of the file.

        [M,N]  read elements to fill an M-by-N matrix, in column order.

               N can be inf, but M can't.

    The PRECISION argument is a string that specifies the format

    of the data to be read. It commonly contains a datatype specifier

    like 'int' or 'float' followed by an integer giving the size in

    bits.  Any of the following strings, either the MATLAB version,

    or their C or Fortran equivalent, may be used.  If not specified,

    the default is 'uchar'.

        MATLAB    C or Fortran     Description

        'uchar'   'unsigned char'  unsigned character,  8 bits.

        'schar'   'signed char'    signed character,  8 bits.

        'int8'    'integer*1'      integer, 8 bits.

        'int16'   'integer*2'      integer, 16 bits.

        'int32'   'integer*4'      integer, 32 bits.

        'int64'   'integer*8'      integer, 64 bits.

        'uint8'   'integer*1'      unsigned integer, 8 bits.

        'uint16'  'integer*2'      unsigned integer, 16 bits.

        'uint32'  'integer*4'      unsigned integer, 32 bits.

        'uint64'  'integer*8'      unsigned integer, 64 bits.

        'single'  'real*4'         floating point, 32 bits.

        'float32' 'real*4'         floating point, 32 bits.

        'double'  'real*8'         floating point, 64 bits.

        'float64' 'real*8'         floating point, 64 bits.

SIGN:
SIGN   Signum function.

    For each element of X, SIGN(X) returns 1 if the element

    is greater than zero, 0 if it equals zero and -1 if it is

    less than zero.  For the nonzero elements of complex X,

    SIGN(X) = X ./ ABS(X).
ROUND:
ROUND  Round towards nearest integer.

    ROUND(X) rounds the elements of X to the nearest integers.

Code:

clear all

close all

close all hidden

clc

% Opening the file 'seether.mp3' in the read access mode.

fid = fopen ('seether.mp3','r');

% Generating the input signal 'm(t)' by reading the binary data in 16 bit

% integer format from the specified file and writing it into a matrix

% 'm(t)'.

m = fread (fid,'int16');

% Defining the count for efficiency.

count = 8500;

% Calculating maximum value of the input signal 'm(t)'.

Mp = max (m)

% Setting number of bits in a symbol.

bits = 8;

% Defining the number of levels of uniform quantization.

levels = 2^bits;

% Calculating the step size of the quantization.

step_size = (2*Mp)/levels

% Setting the sampling frequency.

% because the audio signal has a maximum frequency of 4K and according to

% Nyquist criteria, we get the following sampling frequency.

Fs = 8000;

% Setting the sampling instant.

Ts = 1;

% Setting the number of samples to be used.

No_Samples = (2*Fs)+Ts;

% Define the time vector for the calculations.

time = [1:Fs/64];

% Calculating the bit rate.

bit_rate = 8000*bits;

% Quantizing the input signal 'm(t)'.

for k = 1:No_Samples,

    samp_in(k) = m(k*Ts);

    quant_in(k) = samp_in(k)/step_size;

    error(k) = (samp_in(k) - quant_in(k))/No_Samples;

end

% Indicating the sign of the input signal 'm(t)' and calculating the

% quantized signal 'quant_out'.

signS = sign (m);

quant_out = quant_in;

for i = 1:count,

    S(i) = abs (quant_in(i)) + 0.5;

    quant_out(i) = signS(i)*round(S(i))*step_size;

end

% Calculating the quantization noise 'Nq'.

Nq = ((Mp)^2)/(3*((levels)^2))

% Calculating signal to noise ratio 'SNR'.

SNR = 1.5*((levels)^2)

Gms = log10(SNR)

% Plotting the input signal 'm(t)'.

%figure;

subplot(4,1,1);

plot(time,m(time));

title('Message Signal');

xlabel('Time');

ylabel('m(t)');

grid on;

% Plotting the quantized signal 'quant_in(t)'.

%figure;

subplot(4,1,2);

stem(time,quant_in(time),'r');

title('Quantized Speech Signal');

xlabel('Time');

ylabel('Levels');

grid on;

% Plotting the PCM signal 's_out(t)'.

%figure;

subplot(4,1,3);

plot(time,quant_out(time));

title('PCM Speech Signal');

xlabel('Time');

ylabel('PC Signal');

grid on;

% Plotting the error signal 'error(t)'.

subplot(4,1,4);

plot(time,error(time));

title('Error Signal');

xlabel('Time');

ylabel('Error(t)');

grid on;

clear all
Output:
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Applications:

1. Sending analog data in the form of digital signals

2. Used in digital telephone systems

3. Digital audio in computer
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