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Title: A SYSTEM FOR REAL-TIME AUTOMATED SEGMENTATION AND
RECOGNITION OF VEHICLE'S LICENSE PLATES CHARACTERS FROM
VEHICLE’'S IMAGE AND A METHOD THEREOF.

FIELD OF THE INVENTION:

The present invention relates to generic license plate character segmentation and
recognition. More specifically, the present invention is directed to develop a
system and a method for real-time automatic segmentation and recognition of
license plates characters of a vehicle by analysis of images of the vehicle.

BACKGROUND OF THE INVENTION:

Development of computationally efficient and robust automatic license plate
recognition (ALPR) system that is equally effective in different countries is a
challenging task. A generic ALPR system should be invariant to the background
and foreground colors of the License plates (LPs) and should be independent of
the scripts and fonts used to write the alpha-numeric characters in the LP. State-
of-the-art ALPR systems often work efficiently for a specific type of LP
corresponding to a specific country or a group of selected countries. In most of
the cases existing ALPR systems are dependent on the dimension and shape of
the LPs specific to a specific country. Moreover, the script and fonts of alpha-
numeric characters and symbols used in LPs throughout the world are different -
which causes problem for many existing ALPR systems to work efficiently without
any modification in the system configuration. Furthermore, LPs often have
different foreground-background color combinations and many countries also
have multi-colored as well as multi-textured LPs. The popular techniques of
image thresholding/binarization, edge detection based LP recognition schemes
often fail in these different situations.

The existing techniques of LP’s character segmentation are often ineffective for
multi-colored, multi-textured LPs without special consideration of the jurisdiction
and templates of license plates. Image thresholding method based on single level
binarization often fails to segment all the characters in the textual region
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properly. This is due to the fact that in cases where two LPs have opposite
foreground (characters) and background (plate) colors, single level thresholding
schemes produce opposite binarize images in those cases. In one binarize image
foreground (characters) will be of white and the background will be of black. The
negative binarize image will be produced for the other LP image. Because the
foreground (characters) will be of two different (opposite) intensity values - as a
result no fixed rule can be applied to automatically segment the characters from
the LP image in both these situations.

Moreover, in most cases, commonly used multi-thresholds based character
segmentation schemes alone are unable to properly segment each and every
individual character of the LPs. This is because of the inefficiency of the system
for segmenting characters and similar noise like components in a multi-colored
environment. Stroke width filter based techniques are color invariant but are
computationally expensive. Template matching and/or advanced deep learning
based character segmentation and recognition schemes perform better but
require high computation resulting in low FPS processing in limited hardware
configuration.

The commonly used binary image feature representation schemes for character
recognition are not robust against noise/distortion, even if they appear in a low
level. Moreover, considering different types and sizes of alpha-numeric characters
and symbols used in LPs in different countries — it is often not possible for the
state-of-the-art methods to correctly recognize the characters and symbols using
a unified algorithm. Therefore, there is a need to develop effective character
segmentation technique capable of overcoming the above mention shortcomings.
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OBJECT OF THE INVENTION:

It is thus the basic object of the present invention is to develop a system and a
method for real-time automatic segmentation and recognition of license plates
characters of a vehicle by analysis of images of the vehicle.

Another object of the present invention is to develop a system and a method for
real-time automatic segmentation and recognition of license plates characters of
a vehicle by analysis of images of the vehicle which will be adapted to segment
and recognize license plate characters under day-light condition without using
any external light.

Another object of the present invention is to develop a system and a method for
real-time automatic segmentation and recognition of license plate characters of a
vehicle by analysis of images of the vehicle which will be adapted to segment and
recognize license plates characters without any spatiality constraints and/or
demographic considerations and/or without any restriction on jurisdiction.

Yet another object of the present invention is to develop a system and a method
for real-time automatic segmentation and recognition of license plate characters
of a vehicle by analysis of images of the vehicle which will be adapted to segment
and recognize license plates of any type consisting of any variety of alpha-
numeric characters and symbols.
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A still further object of the present invention is to develop a system and a
method for real-time automatic segmentation and recognition of license plates
characters of a vehicle by analysis of images of the vehicle which will be adapted
to filter noisy LP like localized regions to achieve high frame-per-second (FPS)
throughput.

SUMMARY OF THE INVENTION:
Thus according to the basic aspect of the present invention there is provided a
system for automated vehicles license plates characters segmentation and

recognition comprising
an imaging processor connected to atleast one image grabber module or camera;

said image grabber module captures images of the vehicles and forwards it to
said connected imaging processor; and

said imaging processor segments and recognizes the vehicles license plates
character region including the region with deformed license plates characters in
the captured vehicle images by involving binarization of maximally stable
external regions corresponding to probable license plate region in the captured

vehicle images.

In a preferred embodiment of the present system, the imaging processor
includes

LP localizer cooperating with the image grabber module or camera to receive
captured images of the vehicles and localizes probable license plate region in the
received images of the vehicles;

generic character segmenter connected to said LP localizer to receive the
probable license plate region and separate most of non-license plate noisy
regions from therefrom for segregating actual license plate regions and
subsequently discarding the non-license plate noisy regions; and
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character segmenter connected to said generic character segmenter to receive
the actual license plate regions and segmenting license plates characters
including deformed license plates characters therefrom free of noisy components
by involving distinguishing pixel statistics belonging to foreground and
background of the actual license plate regions thus identified through maximally

stable external regions.

In a preferred embodiment of the present system, the LP localizer localizes
probable license plate region in the received images of the vehicles by deploying
any standard License plate localization techniques based on image processing,

machine learning or deep learning technology.

In a preferred embodiment of the present system, the generic character
segmenter separates non-license plate noisy regions from the probable license
plate region and segregates the actual license plate regions by applying different
filtering criteria like number of connected components, dimensions of the

connected components etc. at different steps of the presented invention.

In a preferred embodiment of the present system, the character segmenter is
configured to operate on gray-scale of the actual license plate regions subjected
to image enhancement schemes whereby said character segmenter involves
maximally stable external regions to first crudely segment characters in the
actual license plate regions covering all the characters which corresponds the
foreground objects of the license plate regions along with noisy components while

remaining of the license plate regions as the background object.

In a preferred embodiment of the present system, the character segmenter
segments the license plates characters including deformed license plates
characters therefrom free of noisy components by involving
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calculating pixel values belonging to the foreground and the background of the
actual license plate regions and selectively converting the actual license plate
regions into grey scale based on median of the pixel values for having darkish
foreground and whitish background;

applying local-binarization on the gray-scale image for removing of noise
component from the binarized output;

applying morphological closing operation on remaining components to get a
closed image and thereby removing row-column based extra regions from the
closed image to obtain mask image for discarding of noisy components therein
based on the pixel values;

involving tight bound rectangle rotation to correct skew in the image and obtain a
gray-scale skew corrected image and discarding the noisy components therein
based on the pixel values;

applying a line fitting algorithm to remove noisy components based on bounding
box information of remaining characters and applying another noise removal
scheme to get the final output binary image containing all the characters properly
segmented.

In a preferred embodiment of the present system, the character segmenter
selectively converts the actual license plate regions into grey scale based on
median of the pixel values for having darkish foreground and whitish background
when the median value of the foreground pixels is greater than the median value
of the background pixels.

In a preferred embodiment of the present system, the character segmenter
which applies the line fitting algorithm to remove noisy components based on
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bounding box information of remaining characters involves minimum bounding
rectangles as final ROIs to prevent discarding of the deformed characters
attached to noises whereby remaining binary components which are outside the

minimum bounding rectangles are discarded as noise.

According to a further aspect in the present invention, there is also provided a
method for automated vehicles license plates characters segmentation and

recognition involving the above system comprising

involving the LP localizer cooperating with camera to receive images of the
vehicles captured by said camera;

localizing probable license plate region in the received images of the vehicles by
the LP localizer;

involving the generic character segmenter to receive the probable license plate
region for separating most of the non-license plate noisy regions from the
probable license plate region

segregating actual license plate regions and subsequently discarding the non-
license plate noisy regions by the generic character segmenter; and

involving the character segmenter to receive the actual license plate regions and
segmenting license plates characters including deformed license plates characters
therefrom free of noisy components by involving distinguishing pixel statistics
belonging to foreground and background of the actual license plate regions thus
identified through maximally stable external regions.

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS:

Figure 1 depicts the overall block diagram of the system and modules
implemented in accordance with the disclosed embodiments regarding the
generic ALPR.
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Figure 1a shows MSER based binarization scheme.

Figure 2 depicts the overall block diagram of the system and or module
implemented in accordance with the disclosed embodiments regarding the

generic character segmentation.

Figure 3 shows supporting examples of various steps of the generic character
segmentation system/method.

Figure 3a shows Line-fitting technique for noise removal.

DESCRIPTION OF THE INVENTION WITH REFERENCE TO THE
ACCOMPANYING DRAWINGS:

As stated hereinbefore, the present invention discloses a system and method for
automated vehicles license plates characters segmentation and recognition by
analyzing plurality of images of the vehicles in real-time under day-light condition
without using any external light. In one embodiment, the system can work
without any spatiality constraints and/or demographic considerations without any
restriction on jurisdiction and can effectively segment and subsequently
recognize characters of the license plates (LPs) of any type consisting of any
variety of alpha-numeric characters and symbols. In other embodiment, methods
for filtration of noisy LP like localized regions to achieve high frame-per-second
(FPS) throughput are described. In another embodiment, a dual-binarization

scheme is described for color invariant LP segmentation.

It is, therefore, one aspect of the disclosed embodiments to provide a method

and system for License plate (LP) recognition.

It is, therefore, one aspect of the disclosed embodiments to provide a novel
image thresholding technique based on character-bounding box information

applied on top of multi-threshold binarization output.
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It is, therefore, one aspect of the disclosed embodiments to provide a
computationally efficient multi-level hierarchical technique for character

segmentation from texts spanning different scripts and color combinations.

Reference is now invited from the accompanying figure 1 which depicts the
overall block diagram of a generic ALPR system in accordance with the present
invention. As shown in figure 1, the Image grabber module [1000] can be any
input image/video (plurality of images) source. The image grabber module
[1000] is basically a traffic surveillance camera configured to capture images of

the traffic or vehicles.

The images of the vehicle as captured by the image grabber module [1000] are
then forwarded to a connected imaging processor for automated segmentation
and recognition of vehicles license plates character region in the captured vehicle
images. The imaging processor includes a vehicle License Plate (LP) localizer
[1001], a generic LP characters segmenter [1002] and a character segmenter
[1003].

The vehicle License Plate (LP) localizer [1001] is provided for detecting probable
LP regions in the images of the vehicle including detecting multi-colored, multi-
textured LP regions. The LP localizer [1001] is capable of localizing both single
rowed and multi-rowed LP regions. Based on the disclosed embodiments, the
image region of the images of the vehicles corresponding to localized LP as
produced by the LP localizer is forwarded to the generic LP characters segmenter
[1002]. The generic LP characters segmenter [1002] is provided for separating
most of non-license plate noisy regions from the actual license plate regions and
subsequently discarding the non-license plate noisy regions. The next module is
character segmenter [1003] which is basically a feature vector extraction module
for segmenting characters of the LP free of noisy components by involving
various distinguishing pixel statistics belonging to foreground and background of
the actual license plate regions. The segmented characters are recognized in
character recognition module [1004] by a previously trained classifier (ML/DL).

10
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The accompanying figure 2 depicts the details of the disclosed generic characters
segmenter [1002]. Similarly, figure 3 shows supporting examples of various
steps of the generic character segmentation method. The input [2000] (figure 2,
figure 3) is the color LP image region of the original image localized by the LP
localizer module [1001] as the probable LP regions. It might be the case that the
LP localizer module [1001] detects some regions of the original image which are
actually not LP regions. The generic character segmenter [1002] separates most
of the non-LP noisy regions from the actual LP regions produced by the LP
localizer module [1001]. The generic character segmenter [1002] is capable of
identifying non-LP noisy regions and subsequently discarding the same at
different steps of processing.

The proposed character segmenter works on gray-scale image [2001] (figure 2,
figure 3) of the LP region. Many state-of-the-art character segmentation schemes
use color information as a cue for segmentation of the characters. This often
causes improper segmentation results as color is very much dependant on
environmental conditions - such that a LP with color plate depending on the
environmental might looks different at different time. Moreover, for effective
night-time ALPR, usage of infra-red (IR) has become prevalent - and as a result
only gray-scale image is available for processing. The gray-scale image might
need to go under some image enhancement schemes [2002] as shown in figure 2

and figure 3.

In [2003] (figure 2, figure 3), maximally stable external regions (MSER) is used
in the character segmenter [1003] to first crudely segment characters in the LP.
MSER has the benefit of being invariant to color of the objects as it uses multi-
thresholds binarization. But MSER suffers from the problem that it often produces
improper multiple segmentation for a single character. The MSER based
binarization scheme is now explained with the help of the Figure 1a.

The Figure la shows the same example which is previously discussed in the
earlier article. To explain the procedure clearly, some processing steps are not
shown, though they are necessary and part of the proposed system. In example,

11
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the LP contains whitish characters (foreground) and darkish LP background.
MSER is used to find the bounding boxes covering components of this LP. It can
be seen from the Figure 1a that MSER is covering all the characters along with
some noisy components. Because for a true LP - MSER covered boxes will
associate mostly with true characters. In other words, MSER will cover mostly the
foreground objects (characters). Now considering MSER covered boxes as
foreground objects and remaining of the LP as background, some statistics (like
median value) of the pixels are calculated. If the LP contains whitish foreground
and darkish background (like the given example) then the value of the median
value for foreground is going to be higher than that of the background region.
For example, in the Figure la for the first LP the median value calculated from
the MSER covered foreground pixels is found to be 240 (indicating whitish
characters/foreground) and the median value of the background pixels is
obtained as 140 (indicating darkish background). For the second LP (example 2)
in the Figure 1a, these values are 40 (indicating darkish characters/foreground)
and 170 (indicating whitish background), respectively. Therefore, based on these
statistics it can be decided how to proceed further. For example, for the first LP
(containing whitish characters and darkish background) the grayscale image is
reversed to get the negative image in which characters are darkish and
background become whitish compared to the foreground. For the second LP, this
inversion is not necessary as characters in this LP are already darkish and
background is whitish. In the next step of the system, binarization technique is
applied to segment the characters from the background plate. As the binarization
scheme works properly for darkish foreground objects and whitish background
plate - in both the binarization outputs - characters are represented always by
white and background by black value.

In the character segmenter, based on different criteria like dimensions of the
segmented components, positions of the segmented components etc. some of
the bounding-boxes identified by MSER are discarded [2004] (figure 2, figure 3)
from further processing. Based on the remaining MSER detected bounding-boxes
a mask image [2005] (figure 2, figure 3) is produced. The assumption is that
most of the character-like components (foreground) in the probable LP region will

12
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get separated from the plate (background) by MSER. In [2005] (figure 2, figure
3), white portions shows probable character-like components and black portions

shows probable background regions.

Using the extracted information some representative statistics (like medians) of
the pixel values belonging to foreground and background are calculated in the
character segmenter. It is to be noted, (and as can be seen from the given
examples of figure 3) that for a LP having whitish (higher pixel value) foreground
(characters) and blackish (lower pixel value) background the median value of the
foreground pixels will be greater than the median value of the background pixels.
The reverse will be true for a LP having darkish (lower pixel value) foreground
(characters) and blackish (lower pixel value) background. Therefore, this simple
statistic can be used to understand the nature of the LP's foreground and
background color combination. In [2006] (figure 2, figure 3), based on the
median values of the foreground and background pixel values, decision is taken
to invert the gray-values of the image [2007] (figure 2, figure 3) (first LP
example of figure 3) for whitish foreground and darkish background color
combination. Gray- values of the regions with darkish foreground and whitish
background color combination are not inverted (as shown in the second LP
example of figure 3).

In [2008] (figure 2, figure 3), local-binarization scheme (like Sauvola, Bradley
etc.) is applied on the gray-scale image of [2007]. Based on different criteria,
several levels of noise removal schemes are applied [2009] [2010] on the
binarized output of [2008]. Several levels of noise removal schemes are useful to
gradually removing noisy components. For examples, in the first level [2009],
too-small or too-large components are removed. Assuming that for a true LP
region, characters will be of approximately similar height. Therefore, in the
second layer of noise removal [2010] median height and width of the remaining

components can be used to remove noisy components further.

The character segmenter then applies a morphological closing operation on the
remaining components to get a closed image [2011] (figure 2, figure 3). Some

form of row-column based extra regions removal scheme is applied on the closed

13
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image [2012] (figure 2, figure 3). This is helpful when the LP localizer [1001]
output a region as probable LP which contains extra portions along with the
actual LP. In this situation, [2012] (figure 2, figure 3) provides facility to split the
actual LP from these extra noisy portions. Assuming for a true LP region, after
applying row-column wise cleaning mechanism [2012] (figure 2, figure 3) the
biggest component will be the actual LP region. In [2014] (figure 2, figure 3),
this biggest component is identified which can be processed further and rest of
the portions are discarded. Considering the output of [2012] (figure 2, figure 3)
as a mask image, only the components from the binarization output of [2008]
(figure 2, figure 3) is input to [2013] (figure 2, figure 3). Using the statistics
already computed in [2009] [2009] (figure 2, figure 3), noisy components of
[2013] (figure 2, figure 3) are discarded to get [2014] (figure 2, figure 3).

Using the concept of tight bound rectangle rotation - the skew in the image is
corrected to get a gray-scale skew corrected image [2015] (figure 2, figure 3).
The skew-corrected gray-scale image is local-binarized to get [2016] (figure 2,
figure 3). Using the statistics already computed in [2009] [2009] (figure 2, figure
3), noisy components of [2016] (figure 2, figure 3) are discarded to get [2017]
(figure 2, figure 3).

In [2018] (figure 2, figure 3), a line fitting algorithm is used in the character
segmenter to remove noisy components based on the bounding box information
of the remaining characters. This is very much useful for removing screw/noise
like components often found attached to characters of the LP - which makes the
correct recognition of the characters often difficult. In [2019], another noise
removal scheme is applied to get the final output binary image [2020] - which
contains all the characters properly segmented. The line-fitting procedure to
remove noisy components based on the bounding box information of the
remaining characters is explained with the help of the Figure 3a.

Two different LP's images are used to describe the line-fitting noise removal
procedure. One of the LP [10000] is a single row LP of a 4-wheeler and the other
[10001] is two-row LP of a 2-wheeler. As can be seen from the given example

14
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images that in both the LPs, some characters (1 and 8 in [10000]; 0 and 9 in
[10001]) are not in proper form/shape. In both the cases the characters' shapes
are distorted because of the existence of some noise (image of screw-tops or
similar) - some of them are shown by "red rectangles" in the Figure 3a. [10002]
and [10003] show the output after applying binarization technique on the input
images. It is clear from [10002] and [10003] that due to the existence of noise
attached to some characters of the LPs - binarization output cannot be used
directly for further processing, e.g. they cannot be sent to OCR engines to
recognize the characters. Therefore, noise removal schemes of some form based
on different statistics (like median height, median width of connected
components, etc) are calculated and applied on the binarized images (10002 and
10003) to get images [10004] and [10005].

However, it can be seen that due to existence of the noisy regions the deformed
characters gets removed in [10004] and [10005]. Based on the remaining
components' bounding boxes information- horizontal and vertical lines are fitted
to find bounding rectangles which are shown by "green dashed lines" in [10004]
and [10005]. Considering these minimum bounding rectangles' as the final ROIs
- Binary components which got lost in the [10004] and [10005] are brought back
to their original positions. Remaining binary components which are outside the

minimum bounding rectangles are discarded as noise.
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