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Introduction:

Edge Detection:

Our project was to create a patch composed
of panels, each made of different types of smart
threads, that would change color when it reacted
with specific toxic industrial chemicals (TIC)
(Owyeung et al., 2019). We were also tasked with
developing an app that would use an image
processing algorithm to detect the different panels
on the patch, extract their pixel data, and classify the
small color changes of the different threads on the
patch. This was in turn used that information to
determine what TIC(s) the patch had been exposed
to(Lim et al., 2009). This however brought up a big
challenge. Namely, how can you algorithmically
recognize different parts of an image corresponding
to asymmetrical shapes? In this report I will do my
best to outline, one component of our approach to
this issue. My focus will be on how we can detect
asymmetrical shapes on an image, from a highly
unreliable system i.e. a smartphone’s camera in a
multitude of lighting conditions.

The way that we were able to detect the
patch and its individual panels was by using
something known as the Canny edge detection
algorithm. What is meant by an edge is the border of
a shape on an image. Let us take the following
image of our patch for example:

My focus will be split up into two sections,
how do you detect a shape using an edge detector
and how can we filter out the noise to allow for
finding unclear borders between objects in an image.
These elements are core to the Image Processing
system that will be used by our app and represent a
lot of the knowledge that we have gained over the
semester through significant amount trial and error.

Figure 1: Image of pollution patch

We want to be able to detect the different
panels; to do so we need to find the panels’ edge.
The edge of a panel is the border between the panel
and the outline. In other words, the edge can be
defined as where there is a large color
difference/gradient. In fact, that is how the canny
edge detection algorithm works. By dividing up the
light intensity into an upper and lower threshold, the
algorithm finds areas where the two thresholds meet,
and that is what is considered an edge (Gaurav &
Ghanekar, 2018). Here is an example of that same
image after the edges were detected:

patterns per signal. This is what allows us to get rid
of the noise using convolution, since we can find
where the patterns of the noise overlap with our
signal and remove it. Before converting is back into
its original domain. (Signal Processing : A
Mathematical Approach - Tufts University, n.d.)
Figure 2: Pollution patch after Canny Edge Detection

The threshold is of course the most important
aspect of this algorithm, since that is how we find
the edges. The mechanism that is often used is
finding the average intensity of every pixel of an
image and using that average to find the two
thresholds. This works a large amount of the time,
but sometimes the camera quality might not be good
enough to fully detect these gradients. This is where
the next part comes in.

In our case, we had to implement multiple
types of filters. We had to try our best to remove as
many forms of noise that we could so that our
Canny Edge detection algorithm could work as well
as possible. This reduction of noise would smooth
the gradient, making edges easier to detect. This
worked out well as can be seen by the how accurate
the outlines of the panels are in the following image:

Filtering:
Typically, in an image there is something
known as noise in it. Noise is another way of
defining random distortion of an image in other
words, the messy part of the image. Filtering is what
it is called when you try and remove this messy part.
The way that filtering works is as follows.
Most noise can be modelled by some
mathematical function. Of course, this will not be a
perfectly accurate model of the noise, but you can
get close. With the model, you can do something
known as convolving the model with the signal that
you have. In our case the signal is the image of the
patch. By convolving the signal with the model of
the noise, you effectively remove all forms of that
noise in the signal(Andreas Antoniou author, 2018).
However, this is not a complete picture of what it
means to convolve a signal.
To convolve a signal, you need to first
change the function representing the noise and the
signal itself into the frequency domain. What is
meant by this is that using a mathematical function,
you find specific patterns and record the number of

Figure 3: Pollution patch with panels found

Conclusion:
One of the most interesting parts about this
project was how many concepts that seemed like
they were only focused on one specific idea could be
applied to a myriad of different fields. Filtering is a
beautifully simple method to getting rid of some of
the biggest annoyances in signals. The signals could
be everything from images, music, language, or
whatever else one could think of. However, the most
exciting bit about this, is how it shows that often one
can find uses for skills one has in areas one would
not expect them to be useful in.
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