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Lab Project 7

Intersymbol Interference and the Eye Diagram

Purpose

To observe an eye diagram in the laboratory.

To use Matlab to generate an eye diagram.

To use the eye diagram to determine the maximum pulse rate (symbol rate) for a bandlimited communication system.

Equipment
Agilent AG33250A Function Generator

Agilent AG34401A Multimeter

Agilent E3631A Power Supply

Agilent 54625 Oscilloscope

LM386 Audio Power Amplifier

Resistors

Capacitors

Pseudorandom sequence generator GAL
Orange filter

Matlab

Background
When PAM signals are passed through bandlimited transmission channels, distortion of the pulse shape occurs.  One consequence of this distortion is that received pulses are lengthened and overlap adjacent received pulses.  A convenient way of viewing this intersymbol interference is the “eye diagram.”  Fig. 1 indicates some of the information that can be provided by an eye diagram. 


Figure 1.  A Stylized Eye Diagram

In this lab project you will use Matlab to calculate an eye diagram, and you will generate an eye diagram in the laboratory.  Fig. 2 shows the laboratory setup.

We will use the pseudorandom bit generator from the infrared communication system as the data source.  The channel and receiver filter will be modeled by a laboratory Orange Filter.  Because the orange filters must be driven from a 50 ( source, we will construct a 50 ( driver from an LM386 audio amplifier.




Figure 2.  Laboratory Setup for Eye Diagram

A Matlab program that generates eye diagrams is available as an m-file on the course web page. The file name is eye_diag_plot.m.

Prelab
1.
Suppose in the absence of intersymbol interference the data samples at the output of a baseband receiver take the values (A.  Suppose that the noise variance is (2.  Suppose further that the value of A has been chosen so that the probability of error is 10-9.  Now as the data transmission rate is increased, intersymbol interference will become a problem, and the eye will begin to close.  Calculate the eye opening (1 - D) that will give a worst-case probability of error of 10-6.  Hint: Recall that the probability of error depends on the SNR=A2/(2, not the individual values of A and .  
2.
Obtain a copy of the Matlab file eyediag_code.m.  Using an editor, locate the line in the file that defines the pseudorandom sequence.  You will discover that the file does not contain a pseudorandom sequence at all, but instead contains an alternating sequence of 1 and -1.  Replace the alternating sequence with the pattern of 1 and -1 corresponding to your lab group’s pseudorandom sequence.  Save the file.  Test the file by running it in Matlab.  In answer to the prompts, specify two repetitions of the sequence, a data rate of 6000 bits/s, a fifth-order Butterworth filter, and a 3 dB bandwidth of 3 kHz.  Measure the eye opening.  Print the eye diagram and include it with your prelab work.

Procedure
1.
Wire up the system shown in Fig. 2.  Use the function generator to clock the pseudorandom signal generator at about 6000 Hz.  Verify operation of your GAL before proceeding. 

2.
The LM386-based driver is shown in Fig. 3. The LM386 has a built-in voltage gain of 20.  When combined with the voltage divider shown at the input, the driver circuit has a voltage gain of about 0.2.  Apply the output from your pseudorandom signal generator to the driver input.  Observe the driver output on the oscilloscope.  Verify that the output is correct and record in your notebook this proof. The LM386 has a tendency to oscillate when wired on a breadboard.  If any oscillation is detected, try moving the 10 (F capacitor to pin 6.  If the oscillation persists ask your instructor for advice.


Figure 3.  Driver Circuit Using an LM386 Audio Amplifier.

3.
Observe the output of the orange filter on the oscilloscope.  Be sure that the output of the filter is terminated in 50 (.  (You can use the internal 50 ( resistor for this.  Just make sure that the switch on the filter is in the correct position.)  Trigger the oscilloscope from the SYNC output on the function generator.  Expand the oscilloscope display until the eye diagram is observed.  You may have to adjust the persistence control on the oscilloscope to obtain a complete eye diagram.

4.
Observe how the eye diagram changes as the data rate is varied.  Start with a data rate of two or three kilobits/s, and increase the data rate until the eye opening takes the value that you calculated in the prelab for a 10-6 probability of error.  Record this data rate and screen captures corresponding to “good” and “bad” reception.

5.
Measure the 3 dB bandwidth of the Orange Filter.  This is most easily done using the function generator and the multimeter.  Record the actual filter bandwidth.
6.
Use the Matlab program “Eyediag” to simulate your laboratory measurements.  To do this, allow two or three repetitions of the pseudorandom sequence, set the order of the Butterworth filter to five, and set the bandwidth of the filter to the value that you measured for your Orange Filter in Step 5 above.  Vary the data rate until the eye opening takes the value that you calculated in the prelab for a worst-case probability of error of 10-6.  Compare the Matlab data rate with the measured rate you obtained in Step 3 above, and compare predicted and measured eye diagrams.

Report

Your lab notebook is to be handed in at the end of the laboratory session.  Don’t forget to tape in the relevant Matlab graphs.
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