EECS 307 - Communications

Matlab Assignment

Gaussian Random Process: Auto-correlation and power spectrum

Objective: 

Use Matlab to generate random processes and observe their auto-correlation functions and power spectra.

Procedure:

1. Generate a white Gaussian noise process with power 1 and plot its auto-correlation function and power spectrum.


2. Use a low-pass Butterworth filter with cutoff frequency 20Hz and order 4 and pass the previous white Gaussian noise through this filter to generate a narrow-band Gaussian random process. Plot its auto-correlation function and power spectrum. Compare with the frequency response of the low-pass filter.


3. Modulate the narrow-band Gaussian random process onto a carrier signal with frequency 100Hz to generate a DSB signal. Plot its auto-correlation function and power spectrum.


4. Generate and plot the in-phase and quadrature noise components ni(t) and nq(t) for the modulated noise.

Questions:

1. What are the auto-correlation functions and power spectra of the three random processes? 


2. The auto-correlation function computed by Matlab is time-averaged. Compare your answer to Question 1 with the plots. Would you expect the auto-correlation computed by Matlab to be the same as what you computed as the length of the time window tends to infinity? Why?

Functions Provided:

Matlab functions for this assignment are provided via the link on

http://www.eecs.northwestern.edu/~mh/307

Descriptions and usage of the Matlab functions are given in the next page.

Comments on Functions:

function y = gen_noise(power)

% Generates white Gaussian noise samples with specified power (variance)

% Input: power of noise

% Output: column vector containing noise samples

% Example of usage: 

%



noise = gen_noise(1);

function y = low_pass(cutoff, input)

% filter the input signal

% Input: cutoff – bandwidth of the low-pass Butterworth filter

%


input – input signal to be filtered

% Output: column vector of filtered signal

% Example of usage: 

%



signal = low_pass(10, noise);

function y = modulate(f_c, phase, signal)

% modulate the input signal

% Input: f_c – frequency of the carrier in Hz

%        phase – phase of the carrier in Radius

%


signal – input signal to be modulated

% Output: column vector of modulated signal

% Using example:

%



DSB = modulate(100,pi/2,signal);

function plot_rp(signal, title_str)

% plot the signal, auto-correlation function and power spectrum of

%      a random process

% Input: signal – input random process

%


title_str – title of the plot as a string

% Output: none

% Example:

%



plot_rp(DSB, ‘DSB signal’);

function filter_Freq(cutoff)

% plot the filter frequency response

% Input: cutoff – bandwidth of the low-pass filter in Hz

% Output: none

% Example:

%



filter_Freq(10);

