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1 Introductory Material

1.1 ACKNOWLEDGEMENT

This project was inspired by the technical information on computer vision provided by Dr.
Alexander Stoytchev. Assistance and additional motivation from ISU parking was also
received from a meeting with Mr. Miller, Director of ISU Parking Division.

1.2 PROBLEM STATEMENT

Iowa State University’s current parking violation system requires a worker to manually
check each car for a parking permit. If a violation is identified, a physical ticket must be
generated along with a photo for proof of the incident. This process bottlenecks the
amount of cars seen by the worker and leaves a large amount of cars undetected. Because
of this tedious approach, many students do not feel threatened to park in illegal spots,
resulting in overcrowding of the lots. Our goal is to automate and streamline the process
of detecting violations and delivering tickets to increase throughput. By doing so, we hope
to make it easier to find parking on campus. We accomplished this using computer vision
to detect licence plate numbers that are then compared to a list of allowed cars for the
specific parking lot. If a violation is detected, a flag is set on the map in the output video.
This system will be mounted to the workers vehicle and require only a little user setup to
operate.

1.3 OPERATING ENVIRONMENT

The end product is a camera and GPS mounting system attached to the roof and window
of a vehicle. It is able to withstand outdoor elements and adapt to different lighting
conditions.

Before starting, a concern to our group was the speed at which the car could travel to
adequately take a picture every foot. It was found that if the car traveled 15 mph (parking
lot speed limit) it would need a camera with a frame rate of at least 22 fps and a computer
which can process those frames at 22 fps as well. However, after some testing, we found
that 15 mph is too fast not only because of the fixed camera frame rate, but it is also a
safety hazard. Speed of 5 mph seemed a reasonable speed for checking for license plate
violations.

All of the computations were done on a laptop inside the car.

1.4 INTENDED USERS AND INTENDED USES

The end user of Ticket Torpedo is intended to be ISU parking division or any other
parking regulatory agency. With this in mind we tailored our front end user interface to be
as friendly to use as possible. The user will drive through a parking lot while using our
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system to generate a output video that reports all cars that don’t have permits for the
current lot.

1.5 ASSUMPTIONS AND LIMITATIONS

The end product is capable of reading only clean/visible license plates. Any license plate
which is covered by mud, snow, or any foreign object obstructing the view will be ignored.
Some special purpose parking spots are able to be detected, but currently treated as a
normal parking spot. This includes the following parking spots: parking meters, time
limited, emergency services, and others which don’t require a permit for the entire
parking lot. The speed of the enforcement vehicle is limited to five miles per hour to
achieve the most accurate results of multiple frames on each plate and ensure overall
safety during the driving and scanning process.

The data being used to compare each license plate is stored in a local database that is
manually populated. This is due to the lacking privileges to access the ISU Parking
Division database. The ISU legal team deemed the release of the license plate to parking
spot information too risky and denied our request. The local database contains real data
which was obtained by walking around the parking lot and retrieving licence plate
numbers.

1.6 END ProbpucT AND OTHER DELIVERABLES

The end product is a hardware and software system placed on an enforcement vehicle that
detects licence plates while cross checking the results with a database to detect violations.
The report consists of a video file which contains information on each frame. The frame
number, timestamp, latitude, longitude, and vehicle speed for the current frame are
always shown. Information regarding the vehicle detected has two states, instantaneous
and final. The instantaneous reading shows the current reading from OpenALPR and its
confidence level. After scanning the entire car, all the readings are merged together to
create histograms for characters frequencies to acquire the best result.
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Figure 17: System Information

After scanning the whole plate, the final results are shown, including the plate number,
confidence level, car latitude, car longitude, parking spot, and parking spot confidence.
The shown counter for total cars scanned in the middle of the video will also increment. If
the vehicle’s license plate is not in the local database, the total violations counter will get
incremented.

Figure 18: Calculated Information
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In the middle, there is a simple map which shows the trajectory of the scanning vehicle
and the parking positions. Each parking position has three states: red for violation
detected, green for valid vehicle, and blue for unknown or unscanned (or empty, at the
end of the scan).

# SEaE SESRee Sad *

Figure 19: Generated Map

2 Approach and Statement of Work

2.1 OBJECTIVE OF THE TASK

The goal of this project is to decrease the amount of time it takes to check an entire
parking lot for cars that shouldn’t be parked there. It would also be less prone to human
error by increasing the detection rate and increasing the amount of revenue the ISU
Parking Division would receive. Due to the higher detection rates, students might be
more willing to buy parking passes increasing the legal effective parking lot utilization. It
might also turn away some parking violators because the detection rate would increase.

2.2 FuNcTIONAL REQUIREMENTS

The functional requirements of our project includes the following:

O Accurately interpret licence plate numbers
0 Match target car location with GPS coordinates
O Ability to acquire usable data at parking lots driving speeds (5 mph)

2.3 CONSTRAINTS CONSIDERATIONS

Constraints of our project includes the following:

0 5mph is the max speed in a parking lot
0 GPS accuracy of 0.9 meters to work with
0 Camera resolution

O Parking lot irregularities

0 Various lighting conditions

O Frame rate of the camera

TeaM-02

9



0 Computational power

2.4 PrEvious WORK AND LITERATURE

To gain the needed background information and do our market research, the team set up
a meeting with Mr. Miller, the Director of ISU Parking Division. He informed us that over
$300,000 in revenue is generated each year from issued parking tickets and meters on
Iowa State University’s Campus. Mr. Miller also gave us information of a system, similar to
our proposed description, that was implemented at the University of Wisconsin-La Crosse.
The system is called AMS and costs over $45,000 to implement. According to a case study,
UW-La Crosse saw a increase in revenue by 10% each year with 150 fewer citations and the
ability to issue 200 more permits [1]. Some features this system has is that it is capable of
scanning cars at 40 mph, and able to identify licence plates from parallel parked cars.

Our group also explored some research articles on the subject of licence plate recognition.
One in particular was from Aboura and Al-hmouz that recommend a strategy for going
about LPR. Their approach recommended first localizing where the plate is on a vehicle,
then segmenting the plate to extract characters and finally used processing to recognize
the characters [4]. We discovered that a similar flow was used in OpenALPR [6]
implementation and it became the best candidate for us to use.

2.5 PreEvIOUs EXPERIENCES

Our group had a wide variety of skills that was used to accomplish this task:

Tim Lindquist is a graduate student in Electrical Engineering. He has a background in
hardware and software integration from his internships and research experience.

Justin Wheeler is a senior studying Computer Engineering with a focus on software. He
has gained more software experience from his intern and co-op experiences as a software
engineer.

Jakub Hladik is an undergraduate student in Computer Engineering with a focus in FPGA
and ASIC development. He has past experience in GPS data acquisition and processing,
and OpenCV.

2.6 ProPOSED DESIGN

In this section we will discuss possible solutions and design alternatives to this project.
The first solution the team came up with was to eliminate physical permits and have the
licence plate serve the purpose. This is beneficial as it cuts down on labor and material
costs. It is also more fraud-resistant and easier to manage since each is unique to the car.
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2.6.1 HARDWARE

-

T —

Figure 1: Operational Vehicle

For handling the computer vision system the team proposed mounting two cameras on
the exterior of the enforcement vehicle. As shown in Figure 1 above, the camera will be
mounted in horizontal orientation on the enforcement vehicle. The GPS unit will be
attached to the top of the vehicle. The laptop will be inside the vehicle for the driver to
easily see while stopped. See Figure 1 for a mock setup of the operational vehicle.

2.6.2 SOFTWARE

Data is extracted from each vehicle using OpenALPR. The extracted data is then cross
compared with a local database of valid cars in the Howe parking lot. If the license plate
read is not in the local database of valid license plates, the number of violations will
increase and the mini-map on the report will show the parking spot filled with a red circle.
All the necessary data will also be on the frame in the report such as the latitude and
longitude of the capture vehicle, speed of the capture vehicle, unix time for current frame,
and the confidence for each reading. These confidences include the plate detection
confidence and parked vehicle parking spot confidence. Our system is capable of finding
which parking spot the parked vehicle is within. The ability to estimate the parking spot
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the parked car is giving our system the ability to account for irregular spots such as
handicap or emergency vehicle by having the locations mapped out.

2.6.2 CoMPUTER VISION ALGORITHMS USED

The license plate localization and optical character recognition will be done by OpenALPR
library [6]. The position estimation will be done using OpenCV [7] and projection
estimation from the geometry of the license plate which never changes. The approach to
estimate distance is derived from a model created using raw distance capture data. We are
accurately interpolating a fit line to predict measurements based off plate dimensions in
the frame. The angle to the license plate from the camera lense will be extracted from
simply the position of the camera lense, the center of the image, relative to the position of
the license plate in the image.

The camera will capture frames and run them through OpenALPR library algorithm to
determine whether there is a license plate in the picture. If there is, it will continue and
detect the bounding box for the license plate and then read it. With the capturing vehicle
traveling around 5 mph, the license plate should get read about 15 times. These additional
reads will help further boost the confidence measure of the neural network which
performs the license plate search and read in OpenALPR.

Once the license plate is extracted, the position estimation takes place.The GPS position
data is matched with the frames and the new geographical coordinate of the target license
plate is calculated.

By obtaining this data, the final product will check against a database of parking spots and
license plates which are allowed in the particular spot. If there is no matching entry, the
particular vehicle will be matched as a violator.

2.7 LicENSE PLATE CONFIDENCE

A simple measure of how well our system is working is to display a confidence reading
along side the plate results. Confidence is a measure of how much discrepancy is seen
while calculating a final plate number. Discrepancy comes in two forms. 1.: On a plate level
it is the measure of how close of a match each letter is to a predefined training set. 2.: On a
plate to plate level it is a measure of how multiple readings match one another. Measure 1.
is easily implemented by accessing result data from the plate interpretation functions.
Measure 2. is made by looking at the total measures of a plate while it is in the region of
interest.
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Figure 7: Plate to Plate Confidence Computation

The figure 7 above illustrates how the plate to plate confidence level is reaches. For a bach
of plates the program will analyze character “n” in all the plates and get a percentage of
the dominate occurrence relative to all the plates. The percentages are summed up and
divided by the number of plates and then divided by the total length. This confidence level

shows how many of the plates displayed the same data.

Our overall confidence reading is reached by a summation of “plate level” confidences
divided by the total plates in the batch multiplied by the “plate to plate” confidence level.

2.7 GPS PosITioN ACQUISITION

We used a cheap USB GPS receiver with U-Blox 7 chipset which supports WAAS (Wide
Area Augmentation System). WAAS is needed in order to achieve the 0.9 meter accuracy.
We logged the GPS position output into a file with timestamps for later processing. Data
can be interpreted in Google Earth mapping software as shown in the figure below.
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Figure 8: Recorded GPS path through Howe Parking Lot

2.9 ESTIMATING TARGET VEHICLE LOCATION

The GPS receiver provides us with a coordinate accurate to 0.9 meters every second. We
log these coordinates as we capture the video. Since the processing is done after the
recording and the scanning vehicle speed is fairly slow and constant, the coordinates can
be simply interpolated. We obtain the interpolated instantaneous position of the scanning
vehicle and use it to calculate the location of the target vehicle.

From the camera feed, we calculate the perpendicular distance to the plate using the
known license plate geometry and the size of the license plate in pixels. We calculate
angle 0, the angle between the camera line and the line from camera to the plate (marked
as “Distance to the plate”), by measuring the license plate offset from the center of the
picture. The distance to the plate gets calculated similarly, using the perpendicular
distance and the offset. By knowing these parameters, we estimate the approximate
coordinate of the license plate. Later, we apply length of 2.5 meters in similar fashion to
find the approximate coordinate of the center of the vehicle. Formulas for estimating new
coordinates based on the given information were obtained from Edward William’s website
“Aviation Formulary V1.46” [2].
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