Homework #8
LabVIEW Dr. Pogo

Assignment is due on Thursday, November 16, 2023 Assigned October 31, 2023
Assignment #8: Image Analysis using IMAQ (Homework-only track)

Controls: Buttons: configure, snap, record, analyze, replay, cancel, simulate, and quit.
Numeric controls for string length in cm, and playback duration.

Indicators: A video image, a webcam session indicator, an “xy Plot” of 8vs. 7, an xy plot for simulated y vs
x, a Boolean “run active” indicator.
Numeric indicators for period and damping time constant.

Hardware: USB Webcam. Make sure the mode of your camera doesn’t have a resolution that’s too high! If
the resolution is too high, your program will run too slowly to be effective.

This is a very hard assignment. For this assignment, you will create a simple tool similar to “tracker”. First, you will
construct a pendulum that has an adjustable string length. For example, if your pendulum is a large steel washer on a
thin thread, you can tie the top end of the thread to a horizontal pencil, and then wrap the string around a few extra
times to shorten the string. Aim your USB camera at the pendulum in such a way that both ends of the string are on-
screen (i.e., both the pencil tip and the hanging washer). Use a very dark background, and attach distinctly colored
markers to the center of the mass (e.g., the washer) and to the top of the string (e.g., the pencil). Obviously, the
pendulum should swing within the plane of focus of the webcam. I used “red” to mark both ends of my string.

o The Configure button is used to select between the available cameras and camera modes in a dialog. It should
not crash if my default camera number is different than yours when I grade it!

The Snap button (“latching” mechanical action) is used to shoot one frame of video, and display it in the
image indicator.

The Record button (“latching” mechanical action) is used to begin a run. During a run, the configure button is
disabled, and the “active” indicator is lit. During the run, frames of video are recorded and displayed live in
the image indicator. A run ends when the user presses Cancel, or when 300 video frames have been
recorded. Pressing Record also clears saved calculations from earlier trials, and therefore also clears the
two required numeric indicators. Pressing Cancel ends a run, but does not delete the data!

The Analyze button uses the recorded frames (if they exist) to generate (x, y) data for the bob and pivot. It
then uses these positions to compute 8(¢). Use a non-linear fit (see the “Mathematics” palette) to compute
and display the period and the damping coefficient for the oscillation. You’ll probably also solve for phase,
amplitude, and angular offset (see tip #5 on the other side...). To obtain time information, I counted the
number of images in the run, and also measured the total time of the run.

The Replay button shows the set of saved video images in the image indicator, in real time.

The Simulate button uses the computed period and damping time constant to draw a simulation of the
pendulum’s motion in actual time (so, 4 periods of replay lasts 6 seconds when the period is 1.5 s). The
vertical and horizontal scales should be 1:1 (i.e., a vertical cm should match a horizontal cm). The duration
of the simulation will range from 1 to 10 periods, as selected by the numeric control. It is disabled while
recording a run, or if there is no stored 8(¢) data. Don’t even start this unless everything else is done!

Your front panel might look like this:
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Tips:

1.Besides your LabVIEW code, you should submit a video that demonstrates you using your own program.
Be sure that you demonstrate EVERY required feature above: if you don’t show it in your video, then you
didn’t do it! Your video should be recorded from a perspective that lets me see your actual pendulum, and
your onscreen controls simultaneously. For example, when I watch your “simulation”, I want to see it side-
by-side in your submitted video with the actual (partly decayed) pendulum so I can directly compare the
frequencies.

2. You may use my ‘“‘start video” subvi.

3.You’ll need an array of IMAQ images to store the video data.

4. For image processing, I used the following method:

a.

I extracted the red color plane, using “IMAQ ExtractColorPlanes”. This also required creating a
new IMAQ image to store the extracted plane separately from the original video. The extracted
image is actually gray scale, but is “whiter” where the original image was more red.

In a “For” loop, I used “IMAQ Threshold” multiple times for each extracted image.
“Thresholding” means converting a grayscale image into a black and white image. I kept the
“white” parts of the image at 255 (but strangely, the “replace” default value is just 1!), and set the
definition for the dark parts of the image to different values (ranging from about 10 to about 240
in steps of 10) based on the For loop index.

While still in the For loop, I used “IMAQ Particle Analysis” on each thresholded image.
Specifically, I requested data about X, y, and area for each “particle”.

I evaluated each thresholded image using the particle data. Specifically, a thresholded image was
OK if it had at least two particles (being the top and bottom of the string!), and the two largest
particles accounted for at least 90% of the area of all the particles found, and each of the two
largest particles was smaller than 2% of the area of the entire image. Usually, more than one
thresholded version of the image was able to meet these criteria; in those cases, I used the most
aggressive threshold (but I don’t think it matters much).

Now that I had (x, y) coordinates for the two largest particles, the one that is higher vertically is
the “pivot”. I then used the Pythagorean theorem and arctangent to compute r and @for each
image. My value of r was just in pixels, because neither the period nor damping coefficients are
dependent on the physical scale.

5.The non-linear curve fit tool is (surprisingly) not case sensitive. This means that you can’t have separate
variables called both “#” and “T”. My fitting formula for &(f) had amplitude, phase, period, damping
coefficient, and a vertical offset (in case the camera wasn’t perfectly vertical). You might look up “damped
sine waves” anywhere on the internet first, and just add the vertical offset to then end of the formula.

6. The non-linear curve fit requires initial guesses for each parameter.

a.

b.

I used the “length” input to determine an initial guess for the period using “physics” (it’s the only
reason the length input is even there).

My guess for the angular amplitude was ¥2(6,.x — Gnin) (note that I expected 6., to be negative in
this formula!).

My guess for the damping coefficient was just 5 seconds. I expect that it will actually be in the
hundreds of seconds, but the non-linear curve fit gave better results when it was initialized too
small. If the damping coefficient came out to be negative, I used zero instead. This happened
whenever the orientation of the pendulum moved significantly out-of-plane due to precession.
My initial guess for the vertical offset was ¥2(6,.x + Gnin) (note again that I expected 6, to be
negative in this formula!). Again, this value became more significant when the motion was out-of-
plane. It should be near zero in any case, if your camera isn’t tilted to the side.

I used a finite-difference method to compute the initial slope of 8(¢), and then used this to help
make a good estimate of the initial phase. Specifically, I used Mathematica to learn that:

¢ =—sin” [Initial Slope]~ Period
27 - Amplitude

The results from this formula were mediocre, but apparently worked well enough. This formula
assumes that &) is in the form of a cosine, not a sine.




