
ECEN 455 Lab 6: Waveform Communication

Instructor: Dr. Henry Pfister

Email: hpfister@tamu.edu

Due Tuesday 4/30/12

Overview:

In a previous lab, we experimented with the discrete-time equivalent model of digital commu-

nication. In this lab, we graduate to the more sophisticated waveform model of communication.

One complication of waveform communication is that pulse-shaping is required to control the band-

width of the transmitted signal. Another challenge in this lab is that continuous-time waveforms

are modeled using oversampled discrete-time signals. It is worth noting that the raised-cosine filter

used here is one of the most commonly used pulse-shaping filters in digital communication systems.

Exercises:

1. Pulse Shaping

(a) Generate an input sequence of 1000 random (+1 or −1 with equal probability) voltages.

Plot the first 30 values using stem.

(b) Design two raised cosine filters with h=rcosine(1,8,’sqrt’,r) for r = 0.25, 0.5. Plot

the magnitude of the frequency response of these filters. (You can use freqz function to

plot the frequency response of a digital filter). Compare the bandwidth taken used by

these filters. (Use 30 dB definition of bandwidth, i.e. the signal outside the bandwidth

of signal, should be more than 30 dB below.)

(c) Oversample the input sequence by 8 (see upsample) and filter it with each of the raised

cosine filters. Plot the input and output of the filter. Compare the power spectral

density of the input and output (e.g., use psd). Why should communication systems use

pulse shaping filters like the raised cosine filter?

(d) In the past, digital communication systems used analog matched filters. They were

tested by attaching the output of the matched filter to an oscilloscope with the sweep

time set to one symbol period. The resulting trace is called an eye diagram because, if

the system is working well, it resembles the outline of an eye. Use eyediagram to the

plot eye-diagram of the r = 0.25 signal. For the same signal, add AWGN whose power

is 1/8 of the signal power and replot the eye-diagram.

2. Simulation

(a) Implement an optimum receiver using the matched-filter and sample approach (try the

filter function).

(b) Simulate the performance of the optimum (matched-filter) detector, assuming perfect

time synchronization. Please specify how you are estimating output SNR from the

sampled MF outputs. Run for SNRs from 0 to 8 dB in increments of 1 dB and plot the



bit-error-rate (BER) as a function of SNR with the vertical axis in log scale. Average

over at least 10000 bits per SNR.

(c) As a comparison, present in the same plot the analytical performance of BPSK over

an AWGN channel (which have been derived in class or available in textbook). Use

appropriate decision statistics (eg., mean, variance) to define and compute Eb/N0 since

the matched filter removes a large part of the noise and Eb/N0 is defined after the

matched filter.

(d) Now, test the peformance of your receiver when the timing synchronization is off by one

sample (i.e., sample occurs T/8 seconds late).

Hint: To make your program run faster, make use of the vectorization. For example,

you can generate, transmit, and detect 10000 bits at a time. Also, since SNR is a ratio,

you may fix the signal energy Eb at unity and only change the variance σ2 = N0/2 of

the additive Gaussian noise to obtain the various SNR values


