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AUTOMATION OF VEHICLE PLATE NUMBERS IDENTIFICATION
ON ONE-ASPECT IMAGES

The subject matter of the article is the method of automating the identification of vehicle plate numbers based on the
processing of one-aspect images obtained using video recording means. The goal is to provide automation of the
process of identifying vehicle plate numbers within a wide range of changing the viewing angles and the levels of
illumination. The task is formulation of the method of automated identification of vehicle plate numbers on one-aspect
images, which are obtained by means of video fixation within wide limits of changing both the viewing angles and the
levels of illumination. Analysis of the problems of methods and algorithms of automated detection and recognition of
vehicle plate numbers has shown that it is most promising to use flexible algorithms that adapt to the changing
conditions of observation of traffic control devices. One of the promising technologies for implementing such
algorithms is the application of artificial neural networks. The solution of the problem of recognition of vehicle plate
numbers can be represented as a complex of image processing and analysis of algorithms, which includes the initial
preparation of the image, the discovery of the area of the vehicle plate on the image, the segmentation of symbols and
the recognition of symbols. Conclusions: an algorithmically implemented method of identifying vehicle plate numbers,
which makes possible searching the text areas under an arbitrary angle in different lighting conditions, is proposed. This
method allows automating the process of identification of vehicle plate numbers within a wide range of distances to the
car, as well as viewing the angles and levels of illumination. The purpose of further research is to improve the proposed
method for its implementation, using modern software and hardware.

Keywords: vehicle plate number identification; image processing; character recognition; neural network; convolutional

neural network.

Introduction

On the present stage of society development, the
problem of providing road safety has become a major
one [1]. In particular, the road safety is paid much to in
our country. The problem of improving the level of road
safety is to be solved, including through the introduction
of automated means of traffic control, as well as the
improvement of carrying out the analysis of causes of
road traffic accidents [2]. Automation of vehicle plate
numbers identification with the integration of video-
fixing systems of traffic rules violations will provide
reliable control over the transport routes.

Problem analysis
and task setting

Currently, there are quite a few systems for
automatic  vehicle plate numbers recognition.
A comparative analysis of the literature dealing with the
methods for recognizing symbols on the images [3, 4]
showed that a large number of methods can be used to
identify vehicle plate numbers. The definitions of the
most effective of them [5, 6] occur depending on the
conditions of general illumination, the shooting angle
and the presence of partial shading of license plate
images.

The solution of the problem of recognizing vehicle
plate numbers can be represented as a complex of
algorithms of processing and analysis of images, which
includes the initial preparation of the image, the
discovery area of the vehicle plate number on the image,

the segmentation of characters and the recognition of
symbols.

The purpose of this article is to develop methods
and algorithms for automated identification of vehicle
plate numbers based on the processing of one-aspect
images.

The necessity of developing such methods and
algorithms is related to the possibility of geometric
distortions of the vehicle plate number image, which is
due to various conditions for its obtaining.

One can use the images of identified vehicle plate
numbers in accordance with the known types as the
input data entering the vehicle plate number automated
identification algorithms being developed, [7]. Such
images may have certain deviations from the reference
vehicle plate number image having a zero rotation angle
in the image plane and uniform illumination: the angle
of the vehicle plate number in the image plane and the
reference ratio of the horizontal image size of the
vehicle plate number to the vertical one, due to changes
in the angle of the survey; different general background
on various images, as well as partial shading of license
plate images resulting from different lighting conditions
during shooting.

The main part

The main problem while identifying vehicle plate
numbers is its arbitrary orientation relative to the
horizon, which makes it difficult to use the existing
algorithms for segmentation of text information on
digital images [3, 5].
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Given this circumstance, an algorithmically
implemented method for identifying vehicle plate
numbers, which allows searching for text areas at an
arbitrary angle and consisting of the following 8 steps,
is proposed.

Stage 1. Correction of the histogram of the original
image. The original image contains low informative
zones, so that one needs to perform the “trim” of the
histogram to the left and to the right of the measured
levels of brightness, depending on the maximum filling
of the histogram. The specified levels of the image
brightness reduction are due to the type of photodetector
used and the general level of illumination [3].

Stage 2. Localization of the plate number area on
the obtained image of the car is carried out with the help
of the algorithm presented in the specified literature

(Fig. 1) [6, 8].

Fig. 1. Localization of the plate number area

Stage 3. Binarization of image. It consists in
viewing the entire image by rows and columns. For each
pixel of the input image, when the binary condition is
fulfilled, the unit is written into the output image and
zero if this condition is not met.

Stage 4. Morphological operations of compression
and expansion. It is proposed to use morphological
operations to isolate the connected regions of pixels,
corresponding texts to the alphanumeric areas of plate
numbers in the image of the car. Morphological
compression is used to eliminate small objects and lines
of 1 pixel width. Then, the separation of connected
regions is performed by means of a morphological
expansion [3, 9].

Step 5. Search for connected areas in the image
corresponding to the vehicle plate number. To find
common areas, it is suggested to use a wave algorithm
in the given work . The essence of using the wave
algorithm is as follows: for each single pixel of the
image the wave propagates in 4 directions per unit
pixels. At each step of the wave algorithm, the pixels
belonging to the same group are introduced into a
corresponding list, and in the input image, the pixels are
assigned a zero value to exclude the looping of the
algorithm. Then, the revealed areas are ranked according
to the dimensions, and the areas with the largest
dimensions are transmitted for further processing [3].

Stage 6. Design of a bounding quadrangular area.
To do this, the image is scanned by columns and they

search for pixels corresponding to the middle of the
columns forming the bound area. Further, pixels
corresponding to the middle line of the bound area are
searched for. After performing this, the parameters of a
straight line approximating the center line points are
searched for. On the basis of obtained parameters of
the straight line slope, the maximum width of the
bound region and the coordinate of the abscissa axis of
the left and right extremities of the bound region, they
construct the lines forming the bounding quadrangular
region (Fig. 2) [5, 6].

i

Fig. 2. Separated quadrilateral area
of the vehicle plate number

Stage 7. Transformation of the deformed by
projection distortions quadrangular region into a
rectangular one. The text of the vehicle plate number is
located at a certain angle relative to the base of the
image, in this connection it is proposed to use affine
transformations of the quadrangular region into a
rectangular one. The latter can be accomplished by
using the conversion formulas of a point from one two-
dimensional plane xy into another one x'y ":

e a-x+b-y+c
g x+h-y+1’
,_d-x+ey+f (0

where a, b, ¢, d, e, f, g h are transformation coefficients.
Knowing the coordinates of the 4 points of the
transformable region, as well as the coordinates of the 4
points of the rectangular region, presented in Fig. 3, one
can substitute them in the transformation formula (1),
and obtain two equations from each pair of points, thus,
from 4 pairs of points 8 equations with 8 unknowns are
obtained. Solving this system, they obtain the required
coefficients a, b, ¢, d, e, f, g, h. Substituting them in (1),
one obtains the formulas for the transformation of a
quadrangular domain into a rectangular one.

Fig. 3. Quadrangular and rectangular areas
of vehicle plate numbers

In Fig. 4 there is represented the conversion result
of the specified quadrangular area of the vehicle plate
number (Fig. 2) with certain vertices of the quadrilateral
region, limiting the area corresponding to the vehicle
plate number, into a rectangular area suitable for further
segmentation and recognition of single symbols.
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Fig. 4. Converted rectangular area
of the vehicle plate number

Step 8. To recognize individual vehicle plate
number characters, it is suggested to use a convolutional
neural network trained by the method of error reversing.
The choice of technology for artificial neural networks,
in general, and neural networks of the above structure,
in particular, is due to the specific nature of the task of
identifying the vehicle plate number symbols [6, 10].

The structure of convolution neural network for plate
number symbols detecting on the image consists of several
convolution layers, before which are downsampling

convl conv2 conv3 fcl
max max max
Image pool pool pool
e —_— R — —_—

layers, and output layer before which will be applied
several layers to combat re-training problem by means
of dropdowm method [11].

Also, before each collapsing layer will be added
preparatory layers, those add zero elements along the
contour of input matrix for processing on the next layer.

The image sizing 32x32 pixels with image area of
each sign of the vehicle plate number are at the matrix
input.

Output result of neural network is probability
vector of each of the possible characters of the number.
The algorithm of neural network creation and training
was represented [12, 13].

Obtained neural network scheme represented at the
Fig. 5.

fc2 fc3 softmax
probability
dropout dropout vector

Fig. S. Generalized structure of obtained convolution neural network
(every convolution layer consists of three sub-layers)

For creation programming product which will
demonstrate developed method the Python programming
language was chosen.

The recognition result is shown in Fig. 6.

AX4689EX

Fig. 6. Recognized vehicle plate number

Thus, after the recognition operation is performed,
on the basis of the proposed method the vehicle plate
number is presented either to the operator, or enters the
corresponding database for registration.

To implement a software product that demonstrates
the developed method, Python programming language
was selected.

Conclusions

Thus, an algorithmically implemented method for
identifying a vehicle plate number, which allows
searching for text areas at an arbitrary angle in different
illumination conditions, is proposed. This method makes
it possible to automate the process of identifying vehicle
plate numbers in a wide range of changes in viewing
angles and levels of illumination. The purpose of further
research is to improve the proposed method for its
implementation in modern software and hardware means.
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ABTOMaTH3aNis ineHTH(DIKANIT ABTOMOOIILHUX HOMEPIB HA OIHOPAKYPCHHUX 300paKeHHsIX
H. 0. JIro6uenko, O. A. Hakoneunnii, A. O. [Tonopoxnsik, I'. M. CroneBa

IIpeqmerom BHBUEHHS B CTarTi € croci® aBromMaTu3alii ifeHTH]iKanii aBTOMOOUIBHHMX HOMEPIB Ha OCHOBI 0OpOOKH
OJJHOPAKYPCHUX 300pakeHb, OTPHMAHMX 3a JOIOMOrOI0 BiJeopericTpylounx 3aco0iB. Mera — 3a0e3nedyeHHs aBTOMAaTH3allii
npouecy ineHtudikanii aBTOMOOLIPHMX HOMEpPIB B IIMPOKHX MEXaX 3MiHM KYTiB CIOCTEPEXKEHHsS 1 PIBHIB OCBITIEHOCTI.
3aBnaHHs — GopMyIIOBaHHSA METO/y aBTOMAaTH30BaHOI ileHTU(iKallil aBTOMOOLIBHUX HOMEpPIB Ha OJHOPAKYPCHHX 300pa)KEHHSIX,
OTPHMAaHHX 32 JIOIIOMOTr 010 3ac00iB Bieodikcallii B MMPOKUX MEKaxX 3MiHU KyTiB CIIOCTEPEIKCHHS 1 PIBHIB OCBITIICHOCTI. AHAII3
po0ieM MEeTOJIB Ta aJrOpUTMiB aBTOMATH30BaHOIO BUSBIICHHS 1 PO3Ii3HABAaHHS HOMEpIB aBTOMOO1IIB IIOKa3aB, 1110 HAWOLIbII
MEPCIEKTUBHO BUKOPHCTOBYBATU THYUKI aJITOPUTMH, SIKI HiJJIAIITOBYIOTECS O 3MiHH YMOB CIIOCTEPEXCHHS 3aC001B KOHTPOIIIO
JIOpPO’KHBOTO pyxy. OIHI€I0 3 NEPCIEeKTUBHUX TEXHOJOrIH peanizalii TaKUX alroOpUTMIB € 3aCTOCYBAHHS IITYYHHX HEHPOHHMX
Mepex. PilleHHs 3aBaHHS PO3Ii3HABaHHSA aBTOMOOUIBHHMX HOMEPIB MOXKHA IPEJICTABUTH y BUIJIANI KOMIUICKCY alrOPHTMIB
00poOKH 1 aHaizy 300pa)keHb, IO BKIIOYAaE B ceOe MEpPBHHHY IIiATOTOBKY 300pakeHHs, BUSBIECHHS 00JacTi HOMepa Ha
300pa)KeHHI, CEIMEHTAIliI0 CUMBOJIB 1 PO3Mi3HABaHHA CUMBONIB. BHCHOBKHM: 3alpoONOHOBaHUI aNrOPUTMIYHO peani3OBaHUN
MeToJl ieHTH(iKanii HoMepa aBTOMOOLIS, IO J03BOJISIE 3/1IHCHIOBATH MOIIYK TEKCTOBHX 00JacTeW IiJ HOBUIBHUM KYTOM B
pi3HMX yMOBax ocBiTieHocTi. [laHuil MeTon [O3BOJIsIE aBTOMATU3YBAaTH Hpolec ifeHTHdikaiii aBTOMOOITBHHX HOMEpIB B
IIMPOKHUX MeXaX 3MiHM BiJICTaHi 0 aBTOMOOLIIA, KYTiB CIIOCTEPEXXEHHS 1 PiBHIB OCBITJICHOCTI. METO0 MOAANIBIINX AOCIIDKEHb €
BJJOCKOHAJICHHS 3aIIPOITIOHOBAHOI'0 METOY JUIS HOro peaii3amii Ha CydacHUX IPOrpaMHO-TEXHIYHHX 3aco0ax.

Kao4doBi caoBa: ineHtudixanis aBToMoOiIbHOrO HOMepa; 00poOka 300paXkeHb; pO3Ii3HABAHHA CHUMBOIIB;
HelpoMepeska; 3TOpTKOBa HEHPOHHA MepeKa.

ABTOMATH3alMsl HICHTU(PUKALMHA ABTOMOOHJIbHBIX HOMEPOB
HA OIHOPAKYPCHBIX H300pasKeHUIX

H. 0. JIrobuenko, A. A. Hakoneunsrii, A. A. [Togopoxusk, A. H. Cronesa

IIpeaqmerom u3yueHus B CTaThe SABISIETCS CHOCOO aBTOMATH3AlMK WACHTU(HUKALIME aBTOMOOUIBHBIX HOMEPOB Ha OCHOBE
00paboTKH OJHOPAKYPCHBIX M300paxeHMH, MOTYYEHHBIX C MOMOIIBIO BUAEOperucTpupyronmx cpencrs. Ieap — obecrneuenue
aBTOMATH3AIMHU MpoLecca MICHTU(GHUKALMKY aBTOMOOMIBHBIX HOMEPOB B LIMPOKHUX IpejeaX M3MEHEHHs YIJIOB HaOJIOJICHUS U
YpOBHEH OCBEIICHHOCTH. 3aa4ua — HOpMyIUpOBaHUE METO/Ia aBTOMATH3UPOBAHHON MICHTH(HKALIMK aBTOMOOMIBHBIX HOMEPOB
Ha OJIHOPaKYPCHBIX M300pa)KCHUSIX, TOTY4aeMbIX C TOMOLIBIO CPEICTB BUACOPUKCAIIMY B IIMPOKUX TPEAesiaX U3MEHEHHS YIIIOB
HaOIOJICHUsT U YPOBHEH OCBELIEHHOCTH. AHanu3 MpoOJeM METOJIOB Ta AJTOPUTMOB aBTOMATH3MPOBAHHOTO OOHAPYXKEHHS U
pacrno3HaBaHUsl HOMEPOB aBTOMOOWJICH IOKa3ay, uyTo Hauboliee NEPCIEKTUBHO HCIIONb30BaTh T'MOKHE alrOpUTMBbI, KOTOpbIE
MOJICTPANBAIOTCd K CMEHE YCIOBUH HAaONIONCHHS CPEICTB KOHTPONSA IOPOXKHOrO ABMKEHHsA. OIHOH M3 IepCHeKTHBHBIX
TEXHOJIOTMH peau3alliil TaKUX AITOPUTMOB SIBISIETCS NPUMEHEHHE HMCKYCCTBEHHBIX HEHPOHHBIX cered. Pemenne 3amaun
pacrno3HaBaHUsI AaBTOMOOMJIBHBIX HOMEPOB MOXKHO IIPEACTAaBUTh B BHJE KOMIUIEKCAa alrOpUTMOB OOpabOTKM M aHalM3a
n300pakeHUi, BKIIIOYAIOIIEro B ce0s INepBOHAYalbHYIO IIOATOTOBKY MH300paskeHMs, OOHapykeHHe OOJacTH HOMEpa Ha
N300paKeHUH, CEIMEHTAIMI0 CHMBOJIOB M PACIIO3HABAaHUE CHMBOJIOB. BBIBOABI: NPEUIOKEH aNrOPUTMHYECKU peaslu3yeMbli
METOZ MICHTU(UKAIMKA HOMEpa aBTOMOOWIIS, MO3BOJISIONIMK INPOM3BOAUTH ITOMCK TEKCTOBBIX OOJIaCTEH IO IPOHU3BOIBHBIM
YIJIOM B Da3JIMYHBIX YCIOBHSAX OCBELICHHOCTH. JIaHHBIN METOJ INO3BOJISET aBTOMAaTU3MPOBaTh MNPOLECC HICHTU(HKALUK
aBTOMOOMJIBHBIX HOMEPOB B IIHMPOKHX Ipelenax W3MEHEHMs PAcCTOSHHUSA 10 aBTOMOOWII, YIVIOB HAOJIOJNCHHMS U ypOBHEH
ocBelleHHOCTH. Llenpro najbHEHIINX MCCIENOBAHMIl SBISETCS COBEPLICHCTBOBAHHE IPEIOKEHHOIO METoja JUlsl ero
peanu3alyy Ha COBPEMEHHbIX [POrpaMMHO-TEXHUUECKHX CPEJCTBaX.

Kamo4ueBble cjoBa: I/IZICHTI/I(l)I/IKaLII/Iﬂ aBTOMOOMJILHOI'O HOMEDA; 06pa60TI<a I/I306pa)KeHI/I171; pacrno3HaBaHuC CHUMBOJIOB;
HeﬁpOCGTB; CBEpTOUYHAsA HeﬁpOHHafI CCTh.
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