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Multi-frame Super Resolution for Improving Vehicle
Licence Plate Recognition

Amin Torkian & Payman Moallem”
Department of Electrical Engineering, Faculty of Engineering, University of Isfahan,
Isfahan, Iran
Abstract

License plate recognition (LPR) by digital image processing, which is widely used in traffic monitor and
control, is one of the most important goals in Intelligent Transportation System (ITS). In real ITS, the
resolution of input images are not very high since technology challenges and cost of high resolution cameras.
However, when the license plate image is taken at low resolution, the license plate cannot be readable; hence,
the recognition algorithm could not work well. There are many reasons resulting in the degradation of
captured license plate images, such as downsampling, blurring, warping, noising, and distance of car from
camera. Many researchers try to enhance the quality of input images by image restoration algorithms to
improve the LPR final accuracy.

Recently, super-resolution (SR) techniques are widely used to construct a high-resolution (HR) image
from several observed low-resolution (LR) images, thereby removing the degradations caused by the imaging
of a low resolution camera. As mentioned, in real ITS, the resolution of input image is not high, but there are
successive frames from a target, therefore multi-frame SR methods can be used to overcome the ITS resolution
challenges.

In this paper, an SR technique based on POCS (Projection onto Convex Sets) is used to reconstruct an
HR license plate image from a set of registered LR images. The normalized convolution (NC) framework is
used in POCS, in which the local signal is approximated through a projection onto a subspace. However, the
window function of adaptive NC is adapted to local linear structures. This results in more samples of the same
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modality being fused for the reconstruction, which in turn reduces diffusion across discontinuities, that is very
important factor in improving LPR accuracy.

The first step in multi-frame SR is image registration which is necessary to improve quality of the
reconstructed HR image, especially in LPR when the quality of the reconstructed edges of characters is very
important. For simplicity, it is often supposed simple motions (usually translation) between successive frames
in multi-frame SR, but changes in scale, rotation and translation in license plate successive images may
happened. It means that the registration is one of the main challenges in SR used for LPR. This paper proposes
use of a two-step image matching algorithm to improve the quality of registration stage. In the first step,
Fourier-Mellin image matching is used for registration which overcomes the scale and rotation challenge, but
the accuracy of registration is not suitable. After matching of the successive input images by Fourier-Mellin
algorithm, the Keren or Vandewalle image matching is used to improve the quality of final registration. For
real LR images, Fourier-Mellin plus Keren shows higher performance while for simulated LR images,
Fourier-Mellin plus Vandewalle shows higher performance.

In order to compare the results of two proposed SR algorithms for LPR application with the other
methods, we prepare three real datasets of successive frames for Persian LPR, the first and the second one
are captured HR and LR successive frames, respectively, while the third one is a downsampled LR version of
HR frames. The output HR image of all compared methods is feed to a demo version of a Persian LPR software
(www.farsiocr.ir), and the accuracy of each character and the accuracy each license are reported. Five SR
methods are compared including: cubic interpolation, ASDS-AR (Adaptive Sparse Domain Selection and
Adaptive Regularization), standard POCS, our first and second proposed SR method which both of them
firstly use Fourier-Mellin registration, while the first one uses Keren, and the second one uses Vandewalle
image matching for a fine registration. Moreover, to present the effectiveness of using SR methods before
LPR, the LR images are also directly feed to LPR software.

The results represent when the length of license is less than 50 pixels, using SR methods before LPR
improves the recognition accuracy. Moreover, when the license plate length is less 35 pixels, SR methods could
not improve the performances. Our investigations show that for LR downsampled images from HR ones, our
proposed SR method with Fourier-Mellin plus Keren registration reaches to the highest performance, while
for real LR images, which are captured by a low resolution camera, our proposed SR method with Fourier-
Mellin plus Vandewalle registration reaches to the highest performance. On the other hand, since some
Persian numerical characters, like ¥ (2) and ¥ (3) are very similar to each other, all of the compared methods

may confuse between them in LPR step, therefore, the accuracy per license of all compared methods are not
high. Among all previous compared methods, for LR images with length between 35 to 50 pixels, the standard
PCOS shows the best results, while our proposed SR methods improve the accuracy per character around
25%, with respect to PCOS method.

Keywords: Super Resolution, Normalized Convolution, Images Registration, License Plate Recognition
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(Figure-2): Examples of structure-adaptive applicability
functions on a typical vehicle image (the scales shown
exaggerated).
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(Figure-3): Effect of robust signal certainty and structure-
adaptive applicability functions in license plate image (1: input
image, 2: output of the proposed algorithm considering above
functions and 3: output of the algorithm without considering
above functions)
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(Figure-5): Downsampled real images (Left: actual size,
Middle: 4 to 1 down-sample, Right: 5 to 1 down sample)
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(Figure-6): Low resolution real images (6 LR cropped frames
matched by Fourier-Mellin matching method)
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(Figure-7): Results of LPR algorithm for the simulated image
32x71 (1: Input image, 2: ASDS-AR, 3: Cubic interpolation,

4: POCS, 5 and 6: the proposed SR plus Keren and Vandewalle
image matching method, respectively)

rgal Sl gaRie S50 a5 boles
Gryai Gllal 02,58 g golariny (g, b eadislusl
2 9 00 o CorS by, ple 4 Cund ooy
Ol 3 bamg (ooled woliital 550 Iy o )5l
oSl by, ple sl oals ain g0
pisll (e e dzlge S L leE S
ol odel (A) UKo 10 prgaas ool sl le= S

fo 2l ¥ 5,ll1¥AA JLe

@) a0 ) A Y gl b LSy V0 XY
YoXSe o ToxVB sgum Sz olal b ygai slals
ools cpl 5l slaiges (O) JSo )0 aS Wgd oo howd JuSly
Al o28ly pglal paw Awd (Sl ol 00 lS gal 4
9 ERNSESE (Gmy9d i g Sl dmy Joay &5
3 wools 5l aiws ol JSis ol a0yl pelbio cualS
g oxd M (adny peal Syl pgal OB Cde olas
osls 5l atws cpl pglad olal 0.5 o 513 Lialejl 5,50
S G gilulaz gl el LSy 00XV sg0
oy ) eolaiwl b polas (pl jo 1) 95095 S Caandd oyl
S5 50 oS (o0 Bebate o2 Gl dy)98 S e LI
il (g 3llaz kil 51 us 45 nools ) 51 (leges (£)
sl 0 aseiee
Giks 699,9 lrools 5l s &ws gl > ol o
097 s Grbom 558 (S gl BLdail (bg) 5l eolinul &
500 &ws 93 (gl Lol s ol (699,9 pslas olral>
5 89355 pobal ol lralx s 4 (5395 sleesls
PR (90 S5 5l (U oS Ll el Sl (izen
Sryas Bkl wi s 4 polas bl sl (5,195 9o
Lwd & by Jole ol 51 G g 0ol ools yude—ay o8
b 05 srpad bl Ghy) Jold (39,9 slaosls o
Pl Wil 59y 52 M Sl hgy e 5 s
aS D g0 0ddline 3)lge iy ;0 A Gl S 0,5 e
llasl o 651 5l ool b aS” (5 s glas 3 oonel s s
2 S el g loads Bilaie wa p Jods e
Sryad @bl o )ssl o L (8ly pglal o5 (69)l5e
bohs b g il ot Gelaie o8 » (w0 (elomay 93
Slp a5 Bl A 2929 gal )0 S slaad b pais
SO O S e Ao (5 Ghe) kel
(535)5 Lools Sl pses 5 50 Ews & bgyye slaiyle]
0L (ko 98 (s pgeas Bl b, 5 ool pae 3G

Dgls oo ool
YO & OF\ v Y5 i 674 v MY S & 574 v

N YT

S 2 314 1]

P e T —— ey ==

SPETEN

¥ & 4
SAMSSL b (Lol yga 1) (g lwanls pglad ((F- i)
U 0T 31 oo g 3wammd palas 5 58 F ¥ Y sloo,lois o YU

Omly R SSy

(Figure-4): Simulated images, 1: real HR input image, and 2
through 6 are the simulated LR ones.
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(Figure-11): Results of LPR algorithm for the simulated image
51x99, which the output SR images are 4 times larger (1: Input
image, 2: ASDS-AR, 3: Cubic interpolation, 4: POCS, 5 and 6:

the proposed SR plus Keren and Vandewalle image matching
method, respectively)
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(Figure-12): Results of LPR algorithm for the simulated image
22x56 , which the output SR images are 5 times larger (1: Input
image, 2: ASDS-AR, 3: Cubic interpolation, 4: POCS, 5 and 6:

the proposed SR plus Keren and Vandewalle image matching
method, respectively)
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(Figure-8): Results of LPR algorithm for reconstructed image
using the proposed SR plus Vandewalle image
matching method

SH gyl babgiluand peal (1) JSS 0
o oty ol Sy YVXF-
GRSl g, Lol Sleas bz pslas

] soplie B )ilo sle gy g 6°L?r--:-’

ol olul 35lail as 9,045

59939 V) YVYxFe .:L'u| b cm‘sjbnw ).‘v.sba.‘{ @Lu (Q—J&u)
S (g3lgadin 10 POCS :F (xS b 49,0 :Y AASDS-AR:Y

(Jgig P9y Lol pod pgd goleslin F 1355 o9, Lol o2
(Figure-9): Results of LPR algorithm for the simulated image
27x60 (1: Input image, 2: ASDS-AR, 3: Cubic interpolation, 4:
POCS, 5 and 6: the proposed SR plus Keren and Vandewalle
image matching method, respectively)
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(Figure-10): Results of LPR algorithm for the reconstructed
image using the proposed SR plus Vandewalle image

matching method
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(Figure-14): Results of LPR algorithm for down-sampled real
image 42x99, the license is 91-Gh-34213 (1: Input image, 2:
ASDS-AR, 3: Cubic interpolation, 4: POCS, 5 and 6: the
proposed SR plus Keren and Vandewalle image matching
method, respectively)
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(Figure-15): Results of LPR algorithm for down-sampled real

image 30x61, the license is 25-H-54913 (1: Input image, 2:

ASDS-AR, 3: Cubic interpolation, 4: POCS, 5 and 6: the

proposed SR plus Keren and Vandewalle image matching
method, respectively)
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(Figure 13): Results for downsampled real image 37x76 (1:
Input image which is 4 to 1 down sampled, 2: ASDS-AR, 3:

Cubic interpolation, 4: POCS, 5 and 6: the proposed SR plus
Keren and Vandewalle image matching method, respectively, 7
and 8: the results of 5 and 6 without using Fourier-Mellin
image matching method)
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(Figure-16): Results of LPR algorithm for real image 56x124
(1: Input image, 2: ASDS-AR, 3: Cubic interpolation, 4: POCS,
5 and 6: the proposed SR plus Keren and Vandewalle image

matching method, respectively, 7 and 8: the results of 5 and 6
without using Fourier-Mellin image matching method)
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(Figure-17): Results of LPR algorithm for real image 53x137,
the license is 52-v-33812 (1: Input image, 2: ASDS-AR, 3:
Cubic interpolation, 4: POCS, 5 and 6: the proposed SR plus
Keren and Vandewalle image matching method, respectively)
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(Figure-20): Failures of LPR algorithm for real images without
using Fourier-Mellin image matching method (1: Input image,
2: Reconstructed image using the proposed SR plus only Keren

image matching method, 3: Output of license plate recognition
algorithm and positions of the failures)
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(Table-2): Percentages of accuracy per character and per
license for each compared methods among 72 different license
in different size.
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(Table-1): Number of correct recognized characters among 8
character in LPR algorithm using different SR methods, -
means non-recognizable plate in input image
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(Figure-18): Failures of LPR algorithm for simulated images
(1: Input image, 2: Reconstructed image using the proposed SR

plus Vandewalle image matching method, 3: Output of license
plate recognition algorithm and positions of the failures)
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(Figure-19): Failures of LPR algorithm for a real image (1:
Input image, 2: Reconstructed image using the proposed SR, 3:
Output of license plate recognition algorithm and positions of
the failure)
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