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Part 1a: Coarse Spectrum Characterization

Block Diagram for System Used to Count Narrowband Signals:

Figure 1: Block Diagram of Windowed Averaged Periodogram

Design Choices and Rationale:

The first thing I wanted to do was model the PSD of the signal. I used two different meth-
ods to do this - Parametric modeling using the Yule-Walker equations, and a modified, averaged
Periodogram. First I’ll discuss the Yule-Walker model.

For the Yule-Walker model, I used 216 samples of the signal and chose an order of 1000. Visually,
this spectrum seemed to match the original signal pretty well. I used findpeaks to find the peaks
of this estimated PSD, which found the frequencies, magnitudes, and half-power bandwidths of the
peaks. These values can be seen marked the top plot of Figure 2. I noticed there was a small,
second peak right next to the main peak of the left most signal in the spectrum. By zooming in
and running findpeaks again as seen in Figure3, I was able to locate the smaller peak - denoted by
the sixth marked arrow. I plotted this smaller peak along with the other peaks in the second plot
of Figure 2. This plot is on a dB magnitude scale and shows the peaks as red circles.



Figure 2: Yule-Walker Peaks

For the Modified, averaged Periodogram, I used the pwelch function in MATLAB. This allowed
me to choose a window filter for each signal segment, as well as average the periodograms of these
signals together. This allowed me to reduce side lobe leakage and better see closely spaced peaks,
as well as reduce the variance of the periodogram due to white noise. For the type of window filter
I used a Blackman window of length 217. This is a sufficiently large window for the periodogram to
get good mean peak values, as well as allowed me to average about 600 segmented periodograms
together to vastly decrease the variance. The resulting Periodogram can be seen in Figure 4.

I used similar techniques to find the peaks half-power bandwidths of the averaged Periodogram
as I did for the Yule-Walker estimation above. The output of the initial findpeaks call can be seen
in the first plot of Figure 4. I then once again zoomed in on the small signal peak as seen in Figure
5. The true peak seemed to fall between the 7th 8th arrows, so I averaged these two frequencies
together as well as the magnitudes to find the approximate frequency and magnitude of the peak. I
then calculated the -3dB or half-power bandwidth of the signal. The 3dB below the magnitude line
can be seen in Figure 5 in orange. The points where this intersected were the half power points.

Now that I had the locations and bandwidths of the peaks, I just had to integrate each peak
across the bandwidth take the magnitude. These values are shown in the table in the following
section. Peaks 7 and 8 are asterisked because the bandwidth power measurements of these signals
are less certain. Peak 7 is the small peak right next to the much larger one I calculated. The
bandwidth power measurements of this signal were distorted by the sidelobes of the much more
powerful peak right next to it, despite my attempts to lessen the effect with the Blackman filter.



Figure 3: Zoomed Yule-Walker

The resulting calculations are therefore approximate. Peak 8 is the DC signal, which is incredibly
small and likely not useful or accurate.

Ranked List of Narrowband Signals:

Signal # Center Frequency/π Bandwidth/π Power [dB]

1 1.7004 0.0327 -51.4994

2 0.5686 0.0198 -55.5743

3 0.2300 0.0162 -58.9605

4 0.9675 0.0117 -64.8377

5 1.4347 0.0225 -79.4223

6 1.1725 0.0086 -83.7209

7* 0.2565 0.0109 -86.9050

8* 0 0.0006 -93.3140

System Used to Estimate Noise Power:
To estimate noise power, I found the magnitude of the noise floor, which would give me the



Figure 4: Modified Averaged Periodogram Peaks

power spectral density(PSD) because the PDF of a white noise signal is constant. To get the
magnitude of the noise floor, I averaged the Averaged Modified Periodogram over all unoccupied
parts of the spectrum. This gave me the average white noise floor for the signal.

Final Estimate:
PSDnoise = −78.1652dB/rad
Integrate the Power Spectral Density over the full frequency range of 0 to 2π and you get the

Power.
Pnoise = −70.1834dB



Figure 5: Zoomed Averaged Periodogram

Part 1b: Extraction of Strongest Signal

Design Choices and Rationale:

I wanted to get a better spectrum of the largest peak (at frequency 1.7π). To do this I shifted the
frequency spectrum so that this peak was centered around 0, used a LPF to isolate this frequency
peak, then downsampled to expand the spectrum.

To shift the frequency spectrum, I took a 226 sample FFT (largest possible power of 2 for the
signal), then rearranged the spectrum so that the largest peak was centered at 0. I then took the
226 point IFFT of this shifted spectrum. I took this new signal and put it through an order 50
Hamming LPF with cutoff frequency 0.3/π. I downsampled the output of this filter by 14 which
would allow my signal to span the full FFT spectrum. I took the downsampled signal, took its
FFT, and plotted it as seen in Figure 7. The first plot in this figure is the FFT of the signal, and
the second is the averaged periodogram using 20 overlapping segments of this signal.



Figure 6: System Block Diagram



Figure 7: Spectrum of Strongest Signal


