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To see how the frequency content of a signal evolves over time, one can use
a Spectrogram. A spectrogram takes segments of the full signal moving forward
in time and runs an FFT on each segment. This results in the frequency content
for each individual segment of time. This can then be plotted on the same graph
to give a visual of how the signal changes in time.

Figure 1: Comparison of Window Length on Spectrogram

There are a few design choices to make when using a spectrogram. First, one
must decide how long the sections should be. This determines the resolution of
the time and frequency axes. To demonstrate this effect, I experimented with
two very different window sizes as shown in Figure 1. In the first spectrogram,
I used very short window sizes of length 16 (24). This allowed for many samples
in the time domain, and therefore high resolution in the time domain. However,
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these 16 sample windows led to poor spectral resolution in the frequency domain.
I zero sampled each windowed section which increased the spectral sampling,
but this didn’t actually increase the spectral resolution. As you can see in the
first plot, there is very fine resolution in the time axis, but such poor resolution
in the frequency axis that it is very difficult to tell if there is only one peak, or
many close together, or at what frequency the peak actually is. In the second
plot, I used large windows of length 1048576 (220). This gave me many samples
to use for the FFT so I could get very high spectral resolution and sampling.
However, it gave me very poor time resolution. With windows of this length,
only 12 samples in the time domain fit. In plot 2, you can see that there is very
high resolution in the frequency axis, but poor resolution in the time axis. Unlike
plot 1, one cannot see exactly what point in time the frequency peak began or
ended, nor can you see the blip in the middle when it paused. However, the
frequency peak location is easily pinpointed.

Figure 2: Comparison of Window Type on Spectrogram

Another big design decision to make is what kind of window to use for each
data segment. To demonstrate the effect of different window types, I compared
the ideal square window to the Blackman window on the short window length
of 16 (24) and plotted the results in Figure 2. Doing it with this window length
really amplified the effects of window type and made the tradeoffs easy to see. I
zero sampled each window to get better spectral sampling, but this did not affect
the resolution of the frequency content. In Plot 1, I used a Blackman window on
each data segment. The Blackman window has a larger peak frequency width,
but much better side lobe behavior than the ideal square window. As you can
see, the peak frequency width looks about twice as wide as the signal analyzed
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with the same length ideal square window as seen in Plot 2. However, in Plot 2
the ideal square window left prominent side lobes, while the Blackman window
effectively suppressed them so they’re not even distinguishable from the noise.

Figure 3: Blackman Window with Length 2048

To analyze dataset 3, I decided to use a window of length 2048 (211). Win-
dows of this length allowed me to get pretty good resolution in both the time
and frequency domains. Because I would have pretty good resolution in the
frequency domain, I decided that I could deal with having a slightly wider peak
frequency width in order to get better side lobe behavior. The resulting spectro-
gram gives us good information about the frequency content, power, and timing
of the signal.

Depending on what you want to do with the signal, there are several ways
you can approach the spectrogram. If you want to get more information about
the spectral content at a certain point in time, you can take the spectrum
corresponding with that time stamp and use other spectral analysis methods to
examine the content, such as the techniques used in Part 1 of this project. If
you need finer frequency sampling, you can increase the window length. Using
the spectrogram in combination with other techniques allows one to gain useful
information about the spectral content power of the signal as it changes over
time. This is used in many applications, including radar, radio, and speech
recognition software.
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