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Abstract— In this paper, a novel algorithm for a car images are particularly important. Super-resolution
license recognition system is presented. We employ algorithms are particularly attractive when extensof
double  back-projection  super-resolution image existing onv resolutmn system is a requ.|rementlwhs
enhancement technique. Modification of initial gues rebuilding is not possible. A novel solution, asgwsed
estimation idea has resulted in accuracy improvémen in this work, is the pre- and postprocessing image
and convergence speed up. Bi-lateral back-projectio ©enhancement, which increases the optical character
filtering scheme which has been employed as an recognition accuracy. Most license plate recognitio
advanced preprocessor can achieve edge-preservingsysftems r']n é)peratmtn tpday usethwdeo slg?[quegc_:e ?nd
image smoothing by incorporating the additional CcuSiom nhardwaré 'to- improve fthe quaily. -simple
information from the feature domain. After compgtin mterpolatlon methoc_is tend to produce blurry result

; . ' . while edge preserving algorithms may remove image
such processed input video sequence with respect to

i i del Irani and Pelea’s back-proiecii details in regions without strong edges. The mobile
affine motion model Irani and Peleg's back-projeeti 3 ners motion trajectory is random, so that we have

algorithm may be applied. Moreover, we considegi&in  ,qonted very flexible affine motion model to itshi
mobile camera image acquisition case. Our soluson  gnproximate. Additionally, as our work is addressed
fully unsupervised and gives excellent optical high performance optical character recognitionesyst,

recognition results. introductory unsharp mask filtering is applied. é&ssed
in this way low resolution image sequence is then
Keywords-super-resolution, license plate recognition combined into one high resolution image frame.slt i

realized by modified Irani and Peleg’s iterativeclba
.- INTRODUCTION projection scheme. What should be noted, its typica
Video camera based traffic surveillance systermis a drawback has been eliminated here modified ondvét
important part of many practical applications. back-projection SR initial guess estimation phifaspis
Information about present situation on the road toay presented. Although this method can improve thegama
immediately extracted by image processing algothm  quality significantly [6], it suffers from some
License plate recognition (LPR) applies image unsatisfying artifacts, such as the ringing effectl the

processing and optical character recognition telclyyo chessboard effect [1]. This motivates the usage of
to identify vehicles by automatically reading th&ense isotropic back-projection kernel. The term of theck-
plates. The problem of automatic license plate (LP) projection is used here two times. In this worle tise of
recognition has been studied since early ninetiés. bilateral back-projection method as the introduciep
recognition applications require a lot of complesks, is proposed. As has been shown, the original back-
such as license plate detection, segmentation inatiyf projection algorithm can minimize the reconstructio

character recognition. These tasks used to becoome m  error efficiently under certain conditions [1]. The
sophisticated when dealing with plate images taken bilateral filtering is employed to guide the back-
various angles or noisy plate images with various projection process. The knowledge about image eidges
lighting conditions. The last advances in survaik integrated into the method to avoid a cross-edge
systems and sensor manufacturing technologies have projection, thus the ringing effect and chesshasfelct
implied the popularity of this kind of devices. can be removed. The preprocessing part has to iapro

Unfortunately, their resolution and image qualityry the image and facilitate its analysis. Finally,tjosfore
often are poor, which makes their usage problem@tic the OCR part we also apply a quadratic unsharp imgsk
instance, optical character recognition systemsl riee filter which allows for highlight high frequencieand
have sharp and possibly denoised high resolutipatn enhanced character edges. Additionally, to increase

Super-Resolution technique, which is presented,here robustness against impulsive noise, the quadrdiic 2
seems to be very useful for this task. SR methad® h Teager filter [2] is used instead of linear unshiitprs.
found applications in a wide range image applicetjo Namely, quadratic non-linear filters have proverirth
such as surveillance imaging, medical imaging. Here value in enhancement of character edges, as destirss
relative displacement between set of low resolution [3]. Double Back Projection Technique
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Being powerful, the iterative back-projection super
resolution algorithm [10], however accurate and
powerful, suffers from a couple of drawbacks, high
convergence dependence from the initial guess acgur
The initial guess image is usually obtained by agermg
low resolution images or up-interpolating the refere
one. Unfortunately, those approaches may result in
convergence and final result accuracy deteriorafitis
observation prompted us to consider higher comgexi
initial guess computing procedure, see fig. 1. His t
paper we propose introductory, bilateral back-putige
based initial guess estimation method. Image seguisn
first processed and affine motion parameters with
respect to affine motion estimation algorithm [1E
compensated [11]. Further parameters are used to
compose appropriately positioned irregular set of
samples. After the compensation step the bilateaek-
projection algorithm is applied
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Figure 1. Structure of a back projection initial guess getiena
BBPSR denotes Bilateral Back-Projection For Sirlglage Super
Resolution

A. Bilateral back-projection for initial guess
reconstruction

In general, the generation process of low resalutio
image can be modeled by a combination of the blur
effect (due to atmospheric phenomena, the camera
motion, and the sensor) and the down-sampling
operation. Using a single filteg) for the entire image,

the generation process may be formulated as follows

I'=(1"*g)1.,

where | " and | are the high resolution (HR) and low
resolution (LR) images respectivelyF is the

convolution operator, and  is the down-sampling

operator with scaling factog. The reconstruction error
of an HR imagel is formulated as the difference
between the LR input image and the predicted LR
image byl as follows

e()=1'-(1*g):. @

Back-projection

Back-projection [1] is an iterative algorithm of
high resolution image reconstruction by minimizihg
error function defined by (2). Starting with antiai
guess [2] for the high resolution image, the imggin

process is simulated to obtain the low resolutibage
corresponding to the observed input image. GivéR a
input image sequence, the updating procedure can be
summarized as doing the following two steps
iteratively:

1) Compute the LR errog, (I th) by (2).

2) Update the HR image by back-projecting
the error as follows:

1, =10 +e (1)1, *p,
where | is the HR image at th-th
iteration, 1 is the upsampling operatop is
a constant back-projection kernel.
where Ith is the HR image at the-th iteration, 1 is
the upsampling operatorp is a constant back-

projection kernel. In each step, the LR er&pr(l h) is
back-projected to HR image by a kerpel

Bilateral filtering

Bilateral filtering [1] is a method of non-linear
filtering which can combine image information both
from the space domain and the feature domain in the
filtering process. In theory, it can be represerigdhe
following equation:

1

k(x)

where | and h are the input and output images
respectively, X and y are pixel positions over the

image grid, C(X, y) and S(I(X), I(y)) measure the
spatial and photometric affinity between pix¢land
pixel y respectively, and

k(X): ZC(X, y)s(l(x), I(y)) is the normalization
y

factor at pixelx. The functionsc([) and S([) are

usually chosen as follows

() =1 g 2 (el sl (1 (v)

=X
dxy)=exg —> = |
2
qu,v) = exp —”:afvnz ,

The major idea of the bilateral filtering is to twe
smoothing according to pixels not only close inspace
domain, but close in the feature domain as waelis e
edge sharpness is preserved by avoiding the cdigs e
smoothing. Bilateral filtering is closely related other
edge preserving techniques widely applied in MRAge
reconstruction, such as nonlinear diffusion andptida
smoothing [1]
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B. Back-projection multi-frame super-resolution
image reconstruction

Starting with an initial guesd, [2] for the high

resolution image, the imaging process is simulated

obtain a set of low resolution image%gﬁo)}

corresponding to the observed input ima&b&}. In

this paper we have extended the initial guess astm
issue. In [14] S. Borman, R. L. Stevenson argued
compellingly of take an attention for initial guéasage
estimation procedure. These methods have the
disadvantages of non-uniqueness of solution,
dependence of the solution on the initial guesswsl

convergence and high computational cost [14]] Jf
were the correct high resolution image, then the
simulated image&{gk} should be identical to the

observed images. The difference imaég§ - IL} are

used to improve the initial guess by "back projegti
each value in the difference images onto

coresponding field inl ,, yielding an improved high

its

resolution imagel ;. This process is repeated iteratively

to minimize the remaining error. This iterative apsl
scheme can be expressed by:

K
00 =10+ LS T (g, - 1) 197 P
k=1

whereK is the number of low resolution imagésarrow
an upsampling operator by a fac®mndp is a back

projection kernel determined Hy andT, . Taking the

average of all discrepancies has the effect of diedu
noise.

Il.  CHARACTER SEGMENTATION OF THE LICENSE
PLATE

In contrast to the method of image binarization [5]
the algorithm which is presented here uses the
information of intensity and avoids the abruptiomda
conglutination of characters that are the drawbaufks
image binarization. In addition, because of usirgugh
transformation and the prior knowledge, the
segmentation become more accurate and robusthian t
simple projection method [1]. The algorithm corsisf
three steps: preprocessing, horizontal segmentatioh
vertical segmentation.

A. Preprocessing

Preprocessing is very important for
performance of character segmentation.
preprocessing which is pre-sented in this papdudes
size normalization (the license plate images are
normalized), determination of plate kind and object
enhancement. There are many kinds of license plates
black characters on a white background, white char-
acters on a blue background, white characters liack
background and others.

good
The

B. Hough transformation based LP segmentation
supported by adaboost algorithm

The segmentation part uses Hough transformation
and the prior knowledge in horizontal, vertical
segmentation and an information obtained from the
AdaBoost algorithm.

Segmentation algorithm

The Hough transformation has been widely applied
as a detector of lines in an image [1]. For eaclelgh

image space(xo, Y, ) using transformation. We get a
curve  =X,C088+Yy,SiN@ in the parameter

space(H,r). Suppose that there af@ points in the

image space. After translating them to the paramete
space, we obtain n curves in the parameter spiateske

curves cross the same po(r&o, ro), then the n points

in the image space are on a line. So we can fireslin

the image space by searching the cross pointsdn th
parameter space. The Hough transformation is used o
the midpoints of all subsection lines to eliminadke
incorrect subsection lines and combine the correct
subsection lines into a whole line. The vertical
segmentation algorithm [1] is based on two appresch
projection analysis, constrained by the prior krexige
and AdaBoost algorithm. The vertical segmentation
algorithm leads the estimation of the positiontad teft
and right borders of the big interval, using théoipr
knowledge of character size. The knowledge about
license plate characters is achieved from the AdaBo
character detector [8].

C. License plate detection based on the AdaBoost

Assuming that rough information according to the
license plate position within the image plane iswn a
learning method based on the AdaBoost algorithm may
be applied. Adaptive Boosting is a machine learnin
algorithm, formulated by Yoav Freund and Robert
Schapire [7]. It is a meta-algorithm, and can bedus
conjunction with many other learning algorithms to
improve their performance. AdaBoost is adaptivéhim
sense that subsequent classifiers built are tweaked
favor of those instances misclassified by previous

classifiers combines a set ‘@hportant weak classifier

to form a strong classifier for object detectiamspiring
by [8] the integral image [9] to generate a bank of
rectangle features for license plate detection ssedu
After feature, horizontal and vertical extractiote
AdaBoost framework is used to iteratively learrirarsg
classifier from a set of weak classifiers. At eastep, a

“good weak classifier is selected and added in turn to

form a strong classifier. Then, this approach amalav
and Jones method [9] are combined which resulis in
very fast license plate detector.

To reconstruct image high frequencies, we need to
enhance them in the LP image with appropriaterilte
Significant high frequency part of image spectrum
which is linked with character/background bordersm
be highlighted but impulsive perturbations integfer

POST-PROCESSINGNON-LINEAR FILTERING
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here. Appropriately chosen non-linear filtering eggzh
satisfies these requirements. For instance, th&éedger
filter, which is a class of quadratic Volterra dils [4]
can be used to perform mean-weighted high pass
filtering. Its impulse response is stronger in oagi of
high average intensity than in areas of low average
intensity satisfying Weber's law [5]. UsingN
corresponding samples of images we perform Teager

filtering to obtainl,?” (k=1,..., N, being filtered

images. This filter allows us to highlight charaactdges
and suppress the noise level.

IV. THEPROPOSEDALGORITHM

We propose a method in which preliminary image
resolution enhancement is realized by bilateralkbac
projection for single frame image enhancement
technique. This is the algorithm of image resolutio
enhancement. Typically, the bilateral filteringaisingle
frame super-resolution algorithm but in this pajpéras
been employed as the advanced initial guess multi-
frame BP method. When the image resolution is
enhanced license plate segmentation part may be
applied. As its core we employ effective Hough
transform supported by the AdaBoost learning system
based technique. Furthermore, the Teager filterchvhi
value in OCR systems has been proved [3], is applée
pre-OCR processing part.
l: inkial guess astimation| -
sequence
back projection
ety — ﬂ

e, _, o _._

Figure 2. Structure of an all functional blocks in the prombs
algorithm

,license plate
"~ isolation & segmentation

Due to the use of the Teager filter the estimators
proposed here are particularly well suited to
enhancement of text sequence. In general,
improvements in OCR performance seem to result from
increases in character separation rather than fiem
reduction of general noise. Finally, the ABBYY
FineReader Optical Character Recognition softwa® h
been employed.

V. EXPERIMENT

In the experiment about 100 frames video sequence f
built in mobile phone VGA camera have been use@. Th
images were captured under different angles and
positions. Results of direct use of Optical Chamact
Recognition system has been shown in figure 3c.
Robustness of the pro-posed approach is demortstrate
by the fact that in approximately 99% of cases (whe
characters of the license plate were visible) tHeRO
system resulted in perfect recognition.

VI.

Fully automated license plate recognition framewisrk
presented. Multi frame based image resolution
enhancement technique has been applied to licdate p
images refinement. Additionally, pre and post

CONCLUSION

proposed [7]

processing has been implemented, which has improved
the OCR system performance.

“O5SPNYGT”

ISPN!

Figure 3. (a) One of the test video frames which have beed irs
the experiment, (b) results of the character segatien technique, (c)
the output of the OCR system.

It should be noted that this promising fully autdeta
surveillance system may be used in many practical
applications. The system may be useful when the
information about car license plate is needed. fExé
form of information is easier to use then rasteselia
one. This form is flexible and may be rapidly
broadcasted and processed in many databases all ove
the world. Our approach may found applications in
private transport systems such as travel-time
measurements, parking lot traffic management, toll
collection, speed-limit enforcement, and identiiica

of stolen cars.
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