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EE354: Lab #8 Digital Line Codes 
 

In this lab you will explore the properties of Digital Line Codes for baseband communication. You will use Matlab to create 
and view signals and the oscilloscope to display both the time-domain and frequency-domain signals.  Digital data will be 
output from the sound card to the oscilloscope using a cable provided by the instructor.  
 
I. Theory 
 
For this part, you will use Matlab to generate four different baseband line codes with random binary data: 
 

• Polar NRZ 
• Bipolar NRZ 
• Polar RZ 
• Bipolar RZ 

 
Matlab is very good at giving us random bits by using the rand(1,N) function, however, if you plot those bits (go ahead 
and try it), the resulting waveform will not look like a nice digital signal.  The reason is that we have not given Matlab a time 
scale to go along with our data, and thus Matlab presumes it has exactly one sample per data bit.  To get a nice digital line 
code out of Matlab, we need to increase the number of samples per bit to give Matlab some sense of the time scale. 
 
The first step is to choose a sampling frequency.  Since we’re outputting data from the sound card, the natural choice of 
sampling frequency is 44.1 kHz.  We need at least 2 samples/data bit, however, the more samples/bit, the more accurately we’ll 
be able to model a baseband data stream.  A good number to work with is 10 samples/bit, but anything larger than about 8 will 
work fine. 
 

Generate at least 10 seconds worth of baseband data using code similar to the following snippet: 
 

 
Rb = fs./sam_per_sym;     % Data rate is less than the sampling rate 
Tstop = 10;               % Stop time in secs 
 
data_stop = Tstop.*Rb;    % Set up for a 10 second time duration 
time_stop = Tstop.*fs;    % Sets the number of bits, and number of samples 
time = 0:1/fs:Tstop; 
 
% Generate the random data 
data = randint(1,data_stop); 
 
% Initialize the vector for output data 
output_data_NRZP = zeros(1,time_stop); 
output_data_NRZB = zeros(1,time_stop); 
output_data_RZP = zeros(1,time_stop); 
output_data_RZB = zeros(1,time_stop); 
 

 
Next, generate the four different types of digital line codes.  Keep in mind that you’ve already initialized an output vector, and 
all you really need to do is replace every N samples (where N is the number of samples/bit you decided on above) with the 
value of the current data bit.  You may find a for loop to be very helpful here.   
 
Hint:  you can do this in three (3) lines of Matlab code (including the start/stop of the for loop).  You’re simply replacing 
blocks of samples with the appropriate bit value (0 or 1, +1 or -1, etc). 
 
Finally, using the subplot command and get_spectrum function, generate a plot of a few baseband data bits along with its 
baseband spectrum in dB. When finished, your results should look similar to Figure 1 below. 

 



 
Figure 1:  Example Time-Domain and Frequency-Domain Plots of Baseband Digital Line Codes. 

 
 
Do the Matlab spectra match the theoretical predicted spectra?  Pay particular attention to spectral nulls and spectral lines. 
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What differences do you observe between the different types of line coding? 
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II. Extra Credit Hardware Verification (+25% to this Lab Grade) 
 
For this part, you will use the oscilloscope to verify that all the predicted and simulated frequencies really exist in your 
sampled signal.  Start by connecting the output of your PC’s sound card to the Channel 1 input of your oscilloscope (you 
will require a set of adapters provided by the instructor).   
 
First, bring the scope back into the default mode by selecting File  Recall Setup  Recall Default.  Next, set the scope 
to record exactly 10,000 samples of the waveform by selecting Timebase  Max Sample Points  10 ks.  Next, set the 
scope’s sampling frequency to 50 kS/s by adjusting the horizontal time knob.  Finally, set the scope to display the 
frequency spectrum by going through the Math  Math Setup  FFT menu.   
 
After connecting the Oscope, use Matlab to output the digital line code to your PC’s sound card. The Matlab command to 
generate an audio output is sound(<varname>, fs, Nbits).  In this case, your output data stream will be the 
<varname> output, fs will 44.1 kHz, and Nbits should be set to 16. 
 
 
Set the scope to trigger in Normal mode.  Observe the frequency spectrum on the scope and compare the results with 
theory/simulation.   
 
Save a copy of the spectrum, and include a plot of all four (4) measured spectra in your report. 
 
 
Do the actual spectra match the theoretical/Matlab predicted spectra?  Pay particular attention to spectral nulls and spectral 
lines. 
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