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Abstract— The problem of Vacant Parking space detection
from static images using computer vision based algthms such
as color histogram classification, car feature poindetection has
been recently proposed by a few researchers. In tiproject we
implement some of the suggested approaches and alsse
additional techniques such as background subtractio and some
improvised methods to classify the state of a parkg space.

I. INTRODUCTION

Finding empty parking spaces in a parking lot can dn

aggravating experience. A system that can autoaibtic
identify empty parking spaces and guide users willitsave a

lot of time, money and effort. Many solutions whiemploy

sensors for this purpose have been suggestedhbutare

either too expensive to implement or have failed b®

effective. This led people to look for other ecomah

solutions. Computer vision based techniques haw@dhential

to provide a cost effective solution to this prabldecause
they can use existing infrastructure such as sgcoamera’s

to capture images which can be processed to glabsifstate
of the parking space.

[1] uses a multi-class support vector machine &ssify the
color histograms of parking spaces and therebytifgeracant
parking spaces. Another possible solution is to @o
background subtraction and then use some kind aifsst
from the background subtracted image in every parkpace
region to classify its state. Yet another solui®ito detect car
feature points and use this to determine the existeor
absence of a car in each parking region. In thegept we have
implemented the above methods with varying degrée
success. In addition we present a method whiclmsgas to
texture matching but with a few additional tweakisich has
given us better results compared to the other ndstho

The images used in this project have been captuosd the
online webcams of Clemson university website wigmnitors
the parking lot in between Long Hall and Sikes .h@he of

Figure-1

The rest of this report is organized as followect®n-11 gives
a detailed description of the various methods wed)
Section-1ll presents the various experimental tssobtained
and finally Section IV presents the conclusion raébeamining
the various experimental results.

Il. METHOD

A. Identifying Parking Subspaces and Decision Regions

The first step in any method is to uniquely idgntifhe
parking spaces from the image. This can be dorwratically
by taking the empty parking lot image which cleathows the
parking lines and running the hough transform da itdentify
the parking regions. However we have manually aceted
these parking lines on the empty image because ghat the
camera position is fixed, the system would onlychébrated
once and it is not necessary to do this step dumey

Next we need to determine the decision region ofi gearking
space. One would think that the entire parking spzan be

the sample images captured is shown in Figure le Tlased to make a decision but this is not the casealse of the
resolution of the image is 640x480.As is obviousnfrthe camera angle it so happens that a car parked admTent
figure the image quality is poor and the camergoisitioned at parking space crosses the gridlines of that parkjmace and
an angle which causes vehicle occlusion and coatelicthe occupies a portion between the gridlines of it hbay. This
problem. Images captured from this webcam closelyakes the task of classification all the more diffi.
approximate the images captured from a securityecam Fortunately in many cases we have identified aavarstrip
which makes our approach and analysis more realisti between the parking lines which seems to be ocdupiea
vehicle actually parked in between those two parKines.
This region will henceforth be called the decisiggion.



These regions are indicated in Figure-2.

B. Background Subtraction

Background subtraction is a common method usethageé
processing. There are two ways to do backgrounttestion.
namely absolute difference and thresholded difiegein the
absolute difference method we compute
difference between the two images pixel by pixal atore it
in a third image. In the thresholded difference hudt the
output image is binary. In this method we first ute the
absolute difference and only set the output imagel fif the
difference is above a certain threshold. By doimg tve take
into account subtle variations in the backgroundhsas
lighting changes. In our context the backgroundgen# an
image of an empty parking lot. We subtract an imadggh
vehicles from the background image using method{e
algorithm for the background subtraction methodsiollows.
Step-1: Choose the best match background imagaédagiven
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region as empty, otherwise it is occupied. We hawmaputed
the histogram using RGB color space which is a 3-d
histogram.

D. Texture Matching Approach

In this approach we basically take a small patamfrthe
pavement region of the image and try to match thwiach
parking space region. The algorithm for this apphoé&s as
follows.

Step-1:Choose a Point on the Pavement region in
foreground image and Choose a 11x11 size pixehpatzund
it. Find the absolute difference of all the pixglghe parking
region with the 11x11 Window and replace the cepieel of
the window with the sum of absolute differences.
Step-2:Repeat Step-1 for background image.

Step-3:Find the difference between the foregroundi a
background SAD images.

Step-4:Perform erosions followed by dilations oe image

the

the absoljpptained in step-3 twice to remove possible nofs# thay

lead to false classification.

Step-5:Classify the Pixels that are more than tireshold
value as occluded(fall under the car occupied régio
Step-6:Look up the reference image which has thkinglot
lines marked out in RED color and the rest in blde&rform
connected components on the image to assign aaitagel to
each parking slot.

Step-7:Compute the ratio of occluded pixels to nocluded
one’s and if the ratio exceeds threshold valuessifia the slots
as occupied.

test image (between night time and daytime backwtou E. Other Techniques & Approaches Attempted

images).

Step-2: For every pixel in the test image, comptite
absolute difference with the chosen background @red if
the difference lies within a threshold value, cdasithe pixel
as un-occluded and mark it green.

Step-3: Look up the reference image, which hasdgwsion
region marked manually on it. The reference limesdrawn in
such a way that they only get occluded when thera car
parked in that particular slot.

Step-4: The ratio of green pixels (occluded) to-nooluded
one’s in the decision area are computed and tké& @bove
the threshold are considered as occupied by a car.

C. Color Histogram Analysis

In this approach we compute the color histogram dach
decision region in the background image and also tdst
image. We then find the Euclidean distance betwhese two
histograms. If the distance is above a certainstioll we
identify the parking space corresponding to thisisien

While the methods listed above have given us fajbod
results there were some other approaches we trégddid not
give desirable results. We used PCA to detect fegiaints in
the background and foreground image. It turnedtiuatt if the
pavement area had no irregularities in texture thery few
feature points were detected in the empty parkilogs sas
opposed to when some of the cars were parked. Haowev
sufficient number of car feature points detected! ribt fall in
the decision region so that we could make a confide
classification.

Automatic identification of parking spaces by trse wf hough
transform was attempted after doing a canny edtgetien on
the empty parking lot image. However it did not eiv
satisfactory results. Also we tried to extract aegjment the
parking space stretch in the image but this needeatation
and interpolation of the image. The interpolatioteps
introduced some noise which was difficult to getaif



B. Modified Texture Matching

I1l.  EXPERIMENTAL RESULTS

A. Background Subtraction

Bckground Image SAD with 11x11 patch
from pavement
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Final Classified Image —Texture Matching(TM) Final Classified Image

The different algorithms have been run over adesif 12
images which included 193 parking slots in all. hecess
rate (which is calculated as the percentage of tatmber of
parking slots correctly classified ) for each metli®as shown

below.
S.No Method Success Rate
1 Background Subtraction 63.21%
Another Classified Image- TM 2 Color Histogram Analysis 59.06%
3 Modified Texture Matching 69.99%

IV. CONCLUSION

It is clear from the above findings that the colastogram
analysis approach has performed poorly. One ofr¢lasons
for this is that when the color of the car closmigtches that of
the pavement this method fails. Many of the testimages
had several cars which were close in color to theement.
: o Also the modified texture matching method that wepoesed
Night-Classified Image-TM has fared better than the other two presumablyusecaf the
window technique we use which kind of smoothensetfect
of any noise. We also notice that the overall penfnce of
C. Color Histogram Analysis any of the three methods does not exceed 70% vdfiolvs
the difficulty of the problem. The decision regiaa we have
shown in some of the images is very small and hdhee
decision statistic obtained from it is not veryiable. The
camera angle plays an important role in the sucnkah these
algorithms. Future work possible in this area is to
automatically draw the decision regions given ao$eataining
images. Also use of multiple cameras and motionnsake the
system more robust and reliable hence we will lmo&xplore
these options in the future.
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