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Abstract: Tmage processing is the science of extracting vital information from an image like edges, color
distribution, ete. This information can be used as for analysis and also as a feedback to control many processes.
This study gives an insight of how mmage processing can be used to control crowding of vehicles in a parking
lot and compares this system to current smart systems already in place in terms of efficiency and feasibility. A
new method to achieve the aforementioned goals involves a slight alteration to the appearance of parking
spaces, thus, streamlining the algorithm for a faster detection without a heavy load on computing power. The
different algonthms that are the focal point for this study are: canmy edge detection and circle hough transform.
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INTRODUCTION

Let us begin with comparing the application at hand
as an analogy of a control system with a feedbacl. This
study starts with this basic idea as a foundation and then
builds up on this idea to solve a practical challenge.
(Davies, 2000).

The basic elements of process control involves a
desired set point, a controller to correct errors in result
and a feedback loop that provides the current output to
the controller. The feedback is for comparison of the
current output with the desired set point. The controller
then gives the control signal to an actuator, so as to
mfluence the output and correct the error (Davies, 2000
Arora et al., 2008).

Image processing 1s the science of mampulation of
digital pictures and analysis of these digital pictures to
obtain numeric results for further computations. Image
processing is a field with vast number of applications
ranging from artificial intelligence, robotics to security
systems.

A feedback loop comprises of a sensor to sense the
variable in question and a transducer converts it to a
usable signal which is understandable by the controller.
These sensors are usually designed with a specific goal
i mind and often their use cannot be expanded to other
purposes. This is where image processing comes into the
picture. Modern day digital cameras are equipments
designed to capture digital images which are an array of
numeric data. This data can be processed to provide
information for vital feedbacks. Here, cameras are acting
as a sensor for the required feedback with the added
advantage of expansion to other purposes.

Literature review

Data and information from images: An image mitially
begins as a capture of an amray of data from the
environment. Digital images a two
dimensional array of data. Each element of the array is
called pixel. Displaying these pixels mn the mtended two
dimensional order is what gives us a final image we
can see and understand. The size of the aforementioned
array 1s what gives the size of the mmage. For
example, an image with a resolution of 1920x1080 1s
basically a two dimensional array of pixels with 1920 rows
and 1080 columns (Lew, 2001).

Now this image that has been captured, doesn’t have
any information that the computer can understand. Thus,
this mnage undergoes umage processing and then the
algorithms return values that can be used by the computer
for further calculations. These values returned that can be
used 1s termed as the information extracted from the array
of data (Lew, 2001). This is the basic theory that comes in
handy for cameras being used for artificial intelligence and
automation.

are stored as

Edge detection algorithms: Edge detection is a major
section of innovation in the field of image processing.
As the name suggests, edge detection involves detection
of the boundaries mn an image, so as to distinguish
and analyze the objects that can be seen in an image.
These algorithms work on the principle of marking
discontimuties in the colors and output levels of the
image while the algorithm does an overall scan of the
image (Kaur and Kaur, 2016).

Edge detection is widely used to feed information
extracted from processed mmages to neural networks
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engines to help develop artificial intelligence and to
develop an artificial understanding of the world
around us to computers. It works by marking the
areas of discontinmties of in brightness and colors in the
image.

The most common edge detection algorithm in
use 18 carmy edge detection (Kaur and Kaur, 2016). It
15 a multi-stage algorithm which involves the followimng
steps.

Application of a Gaussian filter: This step serves two
purposes. Firstly, it reduces the overall noise present in
the image. Edge detection algorithms are very sensitive to
noise in the image. There is a possibility that the small
specks that appear as noise can be detected as tiny
objects resulting in erroneous edge detection. Secondly,
it gives the sharp object edges a gradient fading towards
the background which is the basic principle on which
cammy detection works (Cope and Rockett, 2000).

Finding intensity gradient of the image: This step
passes the image through a sobel kernel which is a
preliminary detection of the edges. The basic logic
behind this 1s that the gradients caused by the gaussian
filter 1s always literally perpendicular to the edge of the
object.

Non-maximum suppression: This stage removes the
unwanted pixels that may have a gradient and was marked
as an object.

Hysteresis thresholding: This passes the image through
two threshold values that gives sharper edges resulting
in a high clarity result.

Hough transform: Hough transform 1s a process for
extracting features which 15 used in digital image
processing and image analysis. This process is used to
find instances of objects within a specific class of shapes
using a voting procedure (Wang and Chen, 2009).

The classical hough transform was used to mark and
position lines in the image. But now it is being used to
mark shapes like circles and ellipses. This brings us to
Circle Hough Transform (CHT). CHT 1s a variation of
hough transform used to detect circular objects
within a digital image. The circles are detected by the
aforementioned “Voting” procedure in hough parameter
space and then picking out the local maxima m an
accumulator matrix. On a cartesian plane, a circle 1s
represented by the following equation:

(ea)+(y-b) = 1

@ (b)

Fig. 1: Example of hough transform beng performed on
an image: a) Original and b) Hough parameter
space

Where:
%,y = Pomts on the cartesian plane
a, b = Coordinates of the center of the circle

3]

r’ = The radius of the circle

The concept of circle hough transform revolves
around the above mentioned equation. An additional
feature used in circle hough transform is edge detection
(Chai et al., 2014).

Take a sample mmage with a circle m Fig. 1a. Consider
4 pomts, marked on the circle m white as shown on the
circle. Note that the radius of the circle is assumed to be
known for this example. For each of the marked
points (%, v) on the shown circle, define another circle with
the marked pomts as the centers and radius r. This forms
the hough parameter space as Fig. 1b.

This is where the accumulator matrix comes into play.
The accumulator matrix 1s used to track all the peoints in
the Hough parameter space where an intersection occurs.
From here, the local maxima point can be found (marked in
red) in the Hough parameter space. The position (a, b) of
this marked mexima 15 the center of the ongmal circle
(Chai et al., 2014).

This algorithm can then be extrapolated and used to
find multiple circles within a radius range. This
extrapolation of hough transform 13 what will be used in
the application of image processing to control crowding
in a parking lot.

MATERIALS AND METHODS

Overview: One everyday example of automation where
image processing can be applied is to control crowding of
vehicles in a parking lot (Banerjee ef al., 2011).
Currently, every mall m Dubai and many around the
world have systematic parking monitoring systems in
place. These systems help the motorists entering those
respective parkings to be able to find parking spots for
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their vehicles with ease. Tt helps them to avoid areas
if the system returns that the area has no current free
spaces.

In more advanced systems such as the ones n place
in the city center malls and also in Dubai Mall, an
ultrasonic sensor above each parking space which detects
the presence of a sizable object in that respective space,
i this case, a car. Now 1n the event of a car already
present, it will signify this using an LED which turns from
green (when empty) to red (when occupied). Before
entering the row of parkings, a motorists can take a quick
scan of the row and try to spot a green light before
advancing into said row. An added feature is that the
simple boolean data from all sensors are sent to a central
system for monitoring and thus that will display the
number of parkings open 1n that parking lot, thus, giving
an overall density of the crowd in the lot (Sun et al,
2015).

The disadvantages of the above-mentioned system
15 that there 1s a large amount of complexities in the
installation of such a system. Considering the capacities
of a large mall like Dubai Mall with over thousands of
parking spaces, installing a sensor over each parking
space 1s a huge and time intensive process.

The solution for this disadvantage 1s to use image
processing and cameras to monitor the parking lot. This
reduces the complexity of installation as one camera can
serve to monitor a whole area of the parking lot. The
salient feature here being that most parking lots of
commercial complexes have cameras in place for security
and surveillance. Tt will be just a matter of calibrating
these cameras, acquiring these images and posting them
to the program which will process the image and return
the number of spots available to incoming motorists.

The advantage of this system is that it serves 2 purposes:
one, as a convenience for incoming motorists to find
parking spots easily and also, it doubles as a security
system for swveillance. Both of which are necessary for
any commercial complex i todays day and age.

The solution to the above mentioned drawback 1s the
usage of cameras mounted and calibrated in a way to
recognize the difference between empty and occupied
parking spaces (Banerjee et al., 2011).

Setup and calibration: A rig of a parking lot is prepared as
shown in Fig. 2. A green circle is placed within the central
area in a way such that a vehicle occupying the spot in
mention will eclipse the circle from the view of the camera
monitoring the lot (Tung, 2014). The green circle thus, acts
as a marker as to whether the spot is occupied or vacant.
The parking lot rig that has been designed has a total of

Fig. 2: A mimature rig of a parking lot

6 parking space as shown in Fig. 2. Now, once it passes
through the circle hough transform algorithm, the output
image marlks all the green circles visible, counts the
number of green circles, thus, returming the number of
parkings available. This is where circle hough transform
comes into the picture.

Currently, for the algorithm to work at full potential,
the camera has to be placed at an almost vertical, 1.e., 90°
with respect to the plane of the parking lot. This
vertical angle helps in easy detection of the circle. At an
oblique point of view for the camera, the circle will appear
as an ellipse which may cause the algorithm to not
be able to detect the green marker circles on the parking
spaces.

A further extension of this algorithm could be to
expand the circle hough transform algorithm to detect
ellipses to allow for an easier calibration of the camera as
a sensor in this enviromment.

Application of circle hough transform: The green circle
acts as a marker as to whether the spot 1s occupied or
vacant. Simply enough, if a parking space is occupied, the
green circle is not visible.

The parking lot n mention has a total of 6 parking
spaces. Now, once it passes through the algorithm, the
output image marks all the green circles visible, counts the
number of green circles, thus, returning the number of
parkings available.
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This code marks the green circles and stores a matrix
of the respective circle center coordinates in the variable
‘Centers’. Also it stores their respective radu m the
variable ‘radi’. Figure 3 shows the code window in
MATLAB.
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Fig. 3: a) The initial image of empty parking lot; b) The
image with a higher contrast and ¢) The green
circles marked in red

RESULTS AND DISCUSSION

Completely empty parking lot: This uses an inage with
a completely empty parking lot and passed to the
algorithm. This step was used as a calibration step, so
that, given a certain camera distance from the surface and
camera angle, we can find the correct radius range for
which the algorithm can find the green circle markers.

Note: The image contrast had to be drastically increased,
so that, when the image is converted to grayscale, the
background tarmac 1s darker than the bright green circle.
This causes a sharper edge for the circle which can be
detected faster and more accurately. Figure 3 shows the
different phases of the image being processed (Fig. 4).

Partially occupied parking lot: This iteration simulates a
situation wherein 3 out of the & parking spaces are
occupied. Once the image of the parking lot 13 passed to
the algorithm, it returmns an image where the green markers
1n the available spots are marked in red and also retums
the correct number of parking spaces available to parls in.
Figure 5 shows the image of the partially occupied parking
lot being processed to show a successful end result
(Fig. 6).

Both the iterations of the experiment have shown
successful results. This proves to be a novel idea with a
mimmum amount of software mamntenance to control
crowding 1n a parking lot.

In the first iteration, “Completely empty parking lot™:
The rig was made with 6 parking slots and none of
them occupied. The script returned an accurate result of
6 parking spaces being empty as seen in the following
image of the command window.

In the iteration, “Parially occupied
parking lot™ 3 spaces out of the 6 on the rig were

second

occupied by vehicles. The seript once again returned the
accurate no. of spaces being empty, i.e., 3 parking spaces

empty.

Improvisation of the algorithm: During the initial few
tests and trials of the experiment. The process would be
to capture the image and directly run it through the

307.7546 602.0011
563.8481 619.5232
188.6184 261,1935
164.4759 616.0548

6 Empty parking spaces
Jy > |

Fig. 4: MATLAB command window showing the number of parking spaces available i the empty parking lot
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Fig. 5: a) The iutial image; b) The image with a lngher contrast and ¢) The green circles on the empty spaces are marked

inred

Command Window
ircle find
338.1246 513.9701
548.9673 922.0206
132.9968 923.5628

3 Empty parking spaces
fx >>

Fig. 6 MATLAB command window showing the correct number of parking spaces available in a partially occupied

parking lot

algorithm. The problem with those trials was that m a
grayscale image, there wasn’t a clear distinction
between the circular marker and the grey tarmac.
This  yielded whose accuracy was very
dependent on the ambient light. In the event of any
error in angle of light and/or intensity of light the
accuracy of the edge detection would be lowered
sigrificantly.

As you have observed in Fig. 3 and 5, in stage b of
both images, the image goes through a high contrast
filter, so as to give a sigmficant distinction between the
marker and the tarmac once the image is passed on from
the RGB to grayscale domain for the circle hough
transform algorithm. This produced very accurate
results as observed in the iterations of the experiment
and these results were mdependent of the ambient
light as the high contrast filter created a distinction in
itself and brought only bright circular objects into
focus.

results

CONCLUSION

The most optimum method for controlling crowding
in a parking lot is with circle hough transform. This is
where the parking lot 1s designed with a bright green circle
marker on each parking space which gets covered by a
vehicle in that respective parking space. Circle hough
transform method is the most optimum method because
the logic 1s easy to parse and it 1s the least complex to

implement. There i1s a much thinmer margin of error with
this method because of the fact that the algorithm is very
modular.

For further development of this system, it can be
extended to a system where multiple cameras can monitor
multiple areas of a larger parking lot and the data from all
these cameras can be consolidated at one central
computing system. This computing system can then
deploy mumeric results to LED displays at parking lot
entrances to help incoming motorists to find parking
spaces faster. From a practical aspect, the cameras
capturing images should be placed at an angle inside
indoor parking lots which do not provide much vertical
space for a camera to be completely vertical above the
plane of the parking lot. In such a scenario, from the view
point of the camera, the circular marker will appear as an
ellipse. Thus, circle hough transform can be modified to
detect these ellipses.
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