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The first ANPR (Automatic Number Plate Reader) was developed in 1976 in the UK.
The workflow follows these main operations:

= Improve image quality
= Localize the license plate
= Segment the characters

= Read the characters

ANPRs are used on videos produced by cameras designed to focus on license plates, unfortunately they do

not work well on videos generated by CCTV cameras.
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Many different approaches were used in the following years to improve the results of the ANPR.

Thanks to the research and study on the subject of Machine Learning it was possible to start using Deep

Learning techniques to read degraded license plates.

This project was based on the work of Lorch et al.[1], where a Convolutional Neural Network is used to read

the characters of a very degraded license plates.

[1] B. Lorch, S. Agarwal, and H. Farid, “Forensic Reconstruction of
Severely Degraded License Plates,” in Electronic Imaging, S.for
Imaging Science & Technology, Ed., Jan 2019.
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Train a neural network on a synthetic dataset to be able to:

= Obtain a visually enhanced version of a degraded license plate

= Use the enhanced and original images to read the characters.

Define a synthetic dataset generation scheme, allowing generalization to different license plates patterns

at little cost, avoid privacy issues over the license plates used.
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The neural network was trained on the current format of
[aro11AuE] [TKA-340XLE]

Italian license plates.

To make the license plates more realistic some

transformations were applied to the synthetic images

= Random noise Ill ! I I lII m

= Shadow
=  Crop

We had also generated a binary mask of the license plate | AA 011 AW KA 340XL

to be used during the training of the denoising network.




Dataset B

To simulate the different degradations we can have on a license plate (due to poor illumination, poor

perspective, blur...) we added a combination of several transformations.

= Reduce the resolution
= Forward and backward perspective
transformation with perturbed parameters

= Gaussian Blur

= Random Gaussian Noise
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Training set Test set

JEJ- 193EFN [FH-611DR )

20000 synthetic license plates 884 real license plates
~4M training images ~170K test images
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[ | ]
It is based on the UNET architecture
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Validation set Test set
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It is based on the architecture by Lorch et al.[1]

| Input

|

Conv + RelLU

Conv+ RelLU

Max Pooling

Conv + ReLU

Conv+ RelLU

Max Pooling

Conv + ReLU

Conv+ ReLU

Max Pooling

Conv + ReLU
Max Pooling
Conv + ReLU
Max Pooling
Flat
Dense Output 1
Dropout Output 2
Dense Output 3
Dropout Output 4
g Output 5
L Output 6
Output 7

Training parameters:
Batch size = 64
Optimizer = SGD
Learning rate = 0.05

We used both the denoised image and the original
image because the Denoise network may have
deleted some useful information from the the
degraded image.

Loss Function = Sum of the binary cross-entropy
losses.

[1] B. Lorch, S. Agarwal, and H. Farid, “Forensic Reconstruction of
Severely Degraded License Plates,” in Electronic Imaging, S.for
Imaging Science & Technology, Ed., Jan 2019.
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Input Image Ground Truth Input Image Ground Truth
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Reading Network m
Input Image Ground Truth Input Image Ground Truth
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Average | position 1 position 2 | position 3 | position 4 | position 5
TOP 1 0.933 0.930 0.943 0.962 0.960 0.952
TOP3 | 0.978 0.973 0.985 0.991 0.991 0.989

TOP5 | 0.987 0.984 0.992 0.995 0.996 0.995

Average accuracy on the test dataset using the proposed method.

Average | position 1 | position 2 | position 3 | position 4 | position 5
TOP 1 0.932 0.930 0.927 0.973 0.967 0.957
TOP3 | 0.979 0.974 0.987 0.992 0.993 0.990
TOP5 | 0.988 0.986 0.993 0.996 0.997 0.996

Average accuracy on the test dataset using Lorch’s network.
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Average | position 1 position 2 | position 3 | position 4 | position 5 | position 6 | position 7

JLEC 170801

TOP 1 0.933 0.930

TOP3 | 0.978 0.973

Tops 0987 004 SRR UNIN

Average accuracy on the test ¢ We can cross
check the results

Average | position 1

E | 0.51770 0.60310

TOP 1 0.932 0.930
TOP3 | 0.979 0.974
TOPS5 | 0.988 0.986

Average accuracy on the test ¢ 5
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The architecture gives us good results, but there is still room for improvements.
We want to:

= further develop the transformations used for the degradation of the synthetic license plates

= train the neural network on other countries’ license plates

The final results, even if promising, should not be used as evidence, but merely as a clue to help

investigators when they can not identify vehicles with more traditional and reliable methods.
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