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ABSTRACT

Locating the license plate is an important issue in recognition because the vehicle and its
plate are in the same picture. The proper arrangement of both position and angle of camera to the
vehicle results in having the license plate image within the specific area and with proper
brightness. However, overexposure or underexposure image still exists because the lighting

conditions of places are hard to control in the field environment.

In this thesis, the algorithm for Thai license plate localization using high dynamic range
imaging from multi exposure images for image enhancement and specific properties and
characteristics of pattern conformation grouping is purposed. The algorithm consists of image
enbancement, binary image preparation, and license plate localization. The experimental result of

the proposed algorithm to 312 test images is 95.8%.
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Input: matrix AllBoundingBox where: AllBoundingBox = array of all boundingbox
region that show on image

Stepl: Grouping all consequence boundingbox in AlBoundingBox that have
y-coordinate difference lower than 7; to Result1
T;: Threshold of accept delta y-coordinate

Select boundingbox group in Resu/t! where the group have more than or
equal 3 members to Result2
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Step3: Select member in the group of Resu/tZ where have height difference
lower than 7> to Result3
7> Threshold of accept difference height

Step4: Select boundingbox group in Resuft3 where have horizontal space
between member lower than 7;to Resuitd
75 Threshold of accept horizontal space

Step5: Select boundingbox group in Resuit4 where the group have less than or
equal 6 members to GandidateBoundingBox

Output: matrix CandlidateBoundingBox where: CandidateBoundingBox = array of
satisfied boundingbox

* boundingbox consist of x-coordinate, y-coordinate, width, height and label
attributes
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Abstract

Characters segmentation from a license plate image is
a challenged problem forvehicle license plate recognition
system because camera'’s light exposure is not match with
the scene results in lower details of the captured inage.
Ideally, the system configurations especially the lighting
conditions around the image taken arca are needed to
have adequate brightness. However, overexposure or
underexposure image siill exists because the lighting
conditions of places are differently hard to control. In this
paper. the algorithm for Thai license plate character
segmentation that can recover details in the image at
overexposure or under exposure using high dvmamic
range imaging from multi exposure images and projection
technique then segment the charvacter images with specific
properties such as size and position. Overall experiments
has shown that the technique can solve the mis-exposure
image problems correctly with accurate characters
segmentation, and also apply with license plate images

with shades problem.

Keyword: License Plate Recoguition, License Plate
Character Segmentation, High Dynamic Range

Imaging, Projection
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Abstract— Robust image enhancement under various lighting
conditioning is a challenged problem for vehicle license plate
recognition system. If camera's light exposure is not matched
with the scene, the captured image will result in low detail
picture. Ideally, the external lighting sources or surround unit
are needed to be controlled with proper brightness. However,
overexposure or underexposure image still exists because the
lighting conditions of places are hard to control in the outdoor
environment. In this paper, the application of image
enhancement techniques for license plate recognition that can
recover details in the image at overexposure or underexposure
using high dynamic range imaging from multi exposure images is
purposed. Overall experiments have shown that the techaique
can solve the mis-exposure image prok correctly and also
can apply on license plate i with shaded prob!

=

Keywords— high dynamic range imaging, license plate
recognition, image enhancement, morphology

L. INTRODUCTION

License plate recognition system is one of the automation
traffic control technology, Intelligent Transportation System:
ITS, to identify the vehicle. These systems are used as
checkpoints, such as parking or toll collection, to reduce the
human workload and automated work with other information
systems. Performance of the system depends on the ability to
cope with the unstable environment such as light, the position
of the camera and the angle of license plate captured as well
as the condition of the plates, such as dirtiness or plate’s
background color, License plate recognition system starts
from loqating the plates in the picture. Then segment
characters from license plates image and finally apply the
process of character recognition one by one [1]. However, if
input image has not enough detailed, then the license plate
position will be difficult to locate. Stared with wrong plate
position, segmentation and recognition is impossible.
Therefore, images input are needed to make sure that they
have enough detailed before working on the main processing
algorithm.

There are a few techniques for improving image for license
plate recognition. For example, the morphology techniques to
increase the contrast of the character as the background [2],
the histogram equalization to increase the contrast in the
image [3] before locating the license plate position, and
morphology to make the image offset plates uniformly
illuminated the entire image before the image is used for
character segmentation [4]. However, the image input still loss
of details if the exposure is not balanced with the actual
lighting conditions. Actually, imaging devices with low

dynamic range cannot store all dynamic range in the scene
with single exposure value. When the exposure is too high
(Overexposure), the picture will lose the details at the bright
area and when the exposure is too low (Underexposure), the
picture will lose details at the dark area. Figure 1 (a) shows a
low dynamic range image of a license plate. The details of the
character area are lost at the dark shadow. Studies have shown
that this - problem can be solved by using an image
enhancement technique called High Dynamic Range Imaging
(HDRI) using images with differently exposures, can recover
lost details better than other techniques. Figure 1 (b) shows a
high dynamic range image result of the same plate, which lost
details are recovered. HDRI research purposes number of
techniques. For example, grouping the sub-regions with the
same value of exposure selected from area features which
need to specify the number of sub-regions [5), selection of the
best value from different exposure but grouping of sub-
regions will carry on the high dynamic ranges area [6].

Fig 1 License plate image: (a) low dynamic range and (b) high dynamic
range image.

The results obtained from HDRI are expected to have more
details for the license plate localization and recognition, so
make the ficense plate recognition system more robust under
different light conditions including shading.

1I. BACKGROUND AND DESIGN IDEAS.

A High Dynamic Range Imaging

HDRI is a technique to create images that can show more
detail than general photographs when the image has very dark
and very bright areas in the same picture. This is so called the
image with the wide range of luminance or high dynamic
range. The technique can extend the limitations of the general
cameras which low dynamic range and could not be saved all
dynamic range in the scene by using a single exposure value
71
B. Design ldeas

The vehicle license plate image details are improved using
HDRI algorithm which can automatically separate the area
depends on the lighting conditions in the image [6]. Then
morphology technique is applied to reduce the border effects
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of the sub-regions connection. Figure 2 Comparison of the
HDR image converted to binary images directly, and results
presented.
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Fig 2 shows results converted to binary images: (a) HDR image, (b) binary
image using automated threshold and (c) binary image with morphology
technique applied.

HL SYSTEM

This algorithm is a process for preparing the binary image
for license plate recognition system under various lighting
conditions. The algorithm takes a set of multiple exposure
images then process to create a new image with recovered
details in high dynamic range and convert into a binary image.
Algorithm consists of three steps: sub-regions segmentation
and selection, image combination and binary image preparing.
Figure 3 shows the flowchart of the algorithm.

{ nput Image i

e

..... Yy 4]

i Sub-regions Segmentation
and Selection

.

Image Combination

| Binary Image Preparation

| - - i

Jo Y11 3¢

Output Image )

Fig. 3 The flowchart of proposes algorithm.

A. Sub-region Segmentation and Selection

Sub-region  segmentation combines images with the
exposure difference together and select the best exposure for
each area to show the actual lighting conditions of each pixel.
In this process the input data is a collection of images, with
different exposure value. The output image is combine
information from each input image. Figure 4 (a) shows the
sample input images used to describe the algorithm. The
process starts from segmentation each input image into four
sub-regions with the same ratio. Each sub-region will be
grouped into low dynamic range or high by using local
properties of that sub-region. Local properties are calculated
from the average intensity, intensity deviation, and entropy
value. Region with high dynamic range will be divided to sub-
regions repeated until the entire sub-region has low dynamic
range or has smaller than specified area. Then combine the

ICTEE

selected sub-area with the best exposure value. Figure 4 (b)
shows the results of the process.

Fig. 4 §
process.

and selection ple: (a) input images and (b) result of

B. Image blending

‘This process reduces the spread of different pixels on the
edge of each sub-region by using blending Gaussian function.
Figure 5 shows the results of the process.

Fig. 5 Results of combination process.

C. Binary Image Preparation
Preparation of a binary image is to convert HDR image into
binary image using the morphology process to increase the
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contrast of letters with the background and reduce the impact 1V.EXPERIMENTS AND RESULTS
at the border of the sub-region images. In this process the
input as a HDR image and the output is a binary image. This
process starts by converting the HDR image into a gray scale
image. Then use the black top-hat operation by the square
structure element. Finally, use automatically threshold to
convert the gray image into a binary image. Figure 7 shows
the results of this process.

In our experiment, front and back of the car images in
variety of lighting conditions. The 4 different exposure values
and different between images is 2-stop are applied for each
image. The camera was fixed on tripod and its aperture was
setup for a constant value while shutter speed was changing to
obtain images. The results showed that the algorithm can
improve the image detail of the image plate better. Figure 8
shows the results of algorithm.

id 753 |

i premeving

Fig 7 Binary image preparation example: (a) gray seale (b) morpholagy resuit
and (¢) binary image.

Fig. 8 Sample results: (a) input images (b) results of each process and (¢)
resalt image.
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