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DSP I: ELEC 3733

Spectral Inversion

Skills

In this laboratory you will write a program that processes data by inverting it's spectrum.  After this laboratory you should:

· Understand how to analyze a processing algorithm and implement it on a DSP

Description

Spectral inversion of a discrete-time signal can be described by examining Figure 1.  Plot a) shows the spectrum of the original signal.  Plot b) shows the spectrum of the signal after its spectrum has been inverted.  In both plots the spectrum is shown past the [-, ] range.
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Figure 1: Spectral inversion, a) original signal spectrum, b) spectrum inverted signal spectrum

Spectral inversion has been used in the past to scramble voice signals.  If you take a signal whose spectrum has been inverted and pass it through the inversion process again you have the original signal.  This can be done in the lab and is the processing to be done in this lab assignment.

DSP algorithms are usually implemented in a recursive manner.  In the case of this problem you should end up with an algorithm that has a form as in Equation 1.
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Equation 1
To implement this equation suppose the first input is x(0) and the output is y(0).  The output would be
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Equation 2
For the next input the output is calculated as
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Equation 3
Or, for any new input the new output can be described as
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Equation 4
This shows that all we need to determine the new output is the new input and the appropriate f(n).

Now suppose f(n) can be calculated in a recursive manner as
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Equation 5
An example of this type of equation is f(n) = an.  The algorithm would start with fold=1 and recurse like in Equation 5.  Note that for each new calculation the previous value, fnew, must be saved.  Figure 2 shows the flow diagram for implementing the example algorithm.
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Figure 2: Flow diagram for algorithm implementation

For this laboratory you must determine the processing necessary to invert a signal's spectrum as shown in Figure 1.  As a hint, examine what happens when a signal's spectrum is shifted in frequency.  Review DFT properties to determine how to shift the spectrum of a signal.  Once you have determined the processing necessary, write a flowchart, like the one in Figure 2, that implements your algorithm.

Laboratory

· Write a program to perform the spectral inversion.  

· Setup Code Composer Studio and run your program on the EVM to demonstrate the spectral inverter.

· Implement the unscrambler. Run the output of a scrambler into an unscrambler and demonstrate that the original signal is returned.

· Run the output of a scrambler into an unscrambler that has a different sampling frequency.  Is the original signal returned? Explain what happens if the scrambler and unscrambler are run at different sampling frequencies.
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