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ABSTRACT: The recognition of license plate information plays a pivotal role in accident investigations and
monitoring traffic violations. However, surveillance cameras often capture license plate images in low resolution,
complicating their analysis due to severe motion blur caused by fast-moving vehicles. Existing methods struggle to
effectively restore these blurred images due to theloss of edge details and the complexity of motion. In this study, we
propose an innovative technique based on sparse representationto overcome these challenges. By analyzing the sparse
representation coefficients of the restored image, we can determine the angleof the blur kernel. We leverage the insight
that the restored image achieves the sparsest representation when the kernel angle matches the genuine motion angle.
Additionally, we employ the Radon transform in the Fourier domain to estimate the length of the motionblur kernel. Our
method demonstrates remarkable efficacy in handling substantial motion blur, even when the license plate is
indiscernible to the human eye. Through rigorous experimentation on real-world images, we compare our approach with
several contemporary blind image deblurring algorithms, highlighting its superior performance in terms of effectiveness
and robustness.

KEYWORDS: Blur, Kernel, license plate, restoration, vehicle.
I. INTRODUCTION

The license plate serves as a unique identifier for every vehicle and is crucial for identifying vehicles involved in traffic
violations. With the prevalence of automated speed detection systems on main roads and highways, capturing clear images
becomes challenging due to vehicle motion during exposure. The duration of exposure, or shutter speed, significantly
influences the amount of blur in thesnapshot. In outdoor scenes with ample sunlight, typical exposure times are around
1/300 second. However, for a vehicle traveling at 60 miles per hour, the displacement of the license plate during
exposure can be around 9 centimeters, comparable to the plate's size (14x44 centimeters in China). This translates to a
blur kernel length of about 45 pixels for a license plate image sized 140x440 pixels, with the camera angle at
approximately 60 degrees from the horizontal plane. In such conditions, motion blur becomes significant.

Under optimal lighting conditions, such as bright sunlight, shorter exposure times like 1/1000 second may result in
minimal blur that does not compromise the semantic information in the image. However, in low-light situations, the
camera may need to extend the exposure time to capture a properly exposed image, increasing the likelihood of motion blur.
Additionally, high-resolution digital cameras used for high-speed videography are also susceptible to motion blur.

In addition to motion blur caused by vehicle movement, environmental factors such as weather conditions and road

surface qualitycan also impact image clarity. Rain, fog, or dust can further degrade image quality, making it challenging
for automated systems toaccurately capture and interpret license plate information.
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Despite these advancements, ongoing research and development efforts are needed to enhance the robustness and
efficiency of license plate recognition systems. This includes exploring novel imaging techniques, optimizing algorithms
for real-time processing,and improving the resilience of these systems against environmental challenges.

Ultimately, by overcoming the obstacles posed by motion blur and environmental factors, license plate recognition
systems can continue to play a vital role in maintaining road safety, law enforcement, and traffic management
initiatives.

II. RELATED WORK

To restore natural images blurred by linear uniform motion and out-of-focus effects, a method leverages the spectrum of
theblurred images, capitalizing on a common assumption valid for most natural images. The isotropic power spectrum
exhibitsa power-law decay with spatial frequency, facilitating modifications to the radon transform for identifying blur
patterns. Blur parameters are estimated by fitting a function to both the natural image spectrum and the blur frequency
response.

A unified probabilistic model is employed for de-blurring, encompassing both blur kernel estimation and un-blurred
image restoration. Novel terms address common artifacts in current de-blurring methods, including a model for spatial
randomness of noise in the blurred image and a local smoothness prior. This prior reduces ringing artifacts by
constraining contrast in the un-blurred image where the blurred image exhibits low contrast. An efficient optimization
scheme alternates between blur kernel estimation and image restoration, yielding high-quality de-blurred results in
minimal computation time. Parallel processing techniques are utilized to expedite motion estimation and compensation
computations, particularly beneficial for multi-core processors or GPU architectures. Algorithms are optimized for
efficiency, minimizing redundant computations and memory overhead. Specialized data structures and algorithms
tailored for real-time image stabilization enhance overallperformance and effectiveness.

III. METHODOLOGY

Utilizing the Hough transform to ascertain the blur direction involves treating the spectrum as an image and applying
the transform to identify the orientation of the line within the spectrum. The Hough Transform (HT) is a crucial
technique in image processing and computer vision for extracting integral features, adept at detecting basic geometric
shapes like lines, circles, and ellipses in images. Its effectiveness extends to identifying distorted or partially obscured
shapes, serving as a valuable tool when conventional edge detection methods prove inadequate. By converting image
space into parameter space, the HT facilitates shape detection through pattern recognition in this transformed domain.
The HT employs a voting mechanism in parameter space to highlight potential object candidates, offering robustness
against image noise and incomplete feature boundaries. This adaptability renders it applicable across diverse domains
such as medical imaging and manufactured part analysis. While the classical HT primarily focuses on standard curves
and is computationally less demanding, the generalized HT caters to more intricate shapes where simple analytic
descriptions are not applicable. n practical applications, the Hough transform can identify global patterns like lines,
circles, and ellipses in an image by mapping them to parameter space. Its efficacy is particularly pronounced in line
detection, as lines manifest as distinct points in the Hough transform space, leveraging the polar representation of the
line.

p=xcosf + ysin 6
In the realm of Cartesian coordinates, denoted by (X, y), a line can be characterized by the angle (0) formed between the

perpendicular from the origin to the line and the x-axis, along with the length (p) of this perpendicular. Thus, in polar
coordinates,a line can be represented by a pair of coordinates (p, 0).
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Figure no: 1 Hough transform

Cepstrum transform can be used for separation of blur components and image components. Cepstrum transform of an
imagef(x, y) is defined as follows

C{f (y)} = F'(log |F(f (v.))])

Uniform motion blur in the frequency domain exhibits periodic patterns due to zero crossings of the sinc function,
resultingin negative peaks in the cepstrum domain. Estimating the blur angle enables the determination of blur length in
an image. In the cepstrum domain, the image is initially rotated. The Radon transform then computes the projection of
the blurred image's log spectrum onto the x-axis at the estimated angle. Local minima in this projection correspond to
dark lines separated by nearly identical distances (d). By detecting and averaging these minima distances, the final blur
length can becomputed. The Radon transform proficiently transforms two-dimensional images with lines into a domain
of line parameters. Each line in the image produces a peak positioned at the corresponding line parameters. This
transformation calculates the projections of an image matrix along specified directions, expressed as line integrals in the
discrete domain equation

xcos0+ysinf=p.

¥ A 3
® R(8.0)
@
+ +9
xi2 *
Image Domain Radon Domain

Figure no: 2 Radon transform.

If the dataset is affected by measurement noise, numerical interpolation may yield a jagged curve with sharp corners
and significant interpolation error. An alternative technique involves numerically approximating the provided data
values.

If a vehicle cannot be located immediately through the search module, the register module can be utilized. This module
retrieves information about the desired vehicles using attributes such as vehicle number, user email ID, mobile number,
andvehicle details. The vehicle number is compared with each input number from the embedded system, and if a match is
found,an alert email is sent to the registered email ID. The register module's algorithm can be detailed as Algorithm.
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Images captured by an embedded camera are processed using digital image processing techniques in MATLAB 2016
software. A unique edge detection algorithm enhances the efficiency of extracting the license plate region. A dedicated
algorithm for segmenting characters in the license plate prevents character deformation. However, directly converting
the grayscale image to a binary image by thresholding at 127 pixel values may not efficiently detect license plate edges
when light intensity is uneven. The proposed algorithm enhances efficiency in detecting and extracting license plate
regions fromimages with non-uniform light intensity.

Similarly, directly applying the Sobel edge mask to the grayscale image may not efficiently extract the license plate
region under conditions such as high light intensity, shadows on the license plate, or light reflection. The proposed
algorithm exhibits improved efficiency in extracting license plate regions compared to existing methods, as
demonstrated in Table II (a).

IV. RESULTS

Figure no: 3 Input Video
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Figure no: 5 Shape Detector Output
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V. CONCLUSION

This project introduces a novel algorithm for estimating kernel parameters in the deblurring of license plates from fast-
moving vehicles. With minimal assumptions, we approach the license plate deblurring as a parameter estimation
challenge. We exploit an intriguing quasi-convex property of sparse representation coefficients associated with the
kernel parameter (angle), enabling the design of a coarse-to-fine algorithm for efficient angle estimation. Length
estimation leverages the power-spectrum characteristics of natural images. Our algorithm excels in handling very large
blur kernels, making deblurred results readable even for license plates unrecognizable by humans. Additionally, our
scheme exhibits robustness,benefiting from the simplicity of our model and its independence from strong assumptions
regarding image content like edge or isotropic properties. While artifact may still be present in deblurred results, our
focus on semantics greatly enhanceslicense plate recognition in practical applications
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