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Genetic Algorithms Based Orientation and Scale
Invariant Localization of Vehicle Plate Number

G. Abo Samra

Abstract— In this research, an enhancement of a previously designed genetic algorithm is introduced to detect the locations of the License
Plate (LP) symbols at any in-plane rotation angle. Consequently, the unify-sort-partition-sort (USPS) crossover operator and the objective
distance definition introduced in the original system are generalized to support rotation invariability. In addition, a more efficient
implementation is introduced in the design of the chromosome layout and the geometric relationship matrix (GRM) to support fast evaluations
and convergence in case of inclined plates and missed symbols. A verification stage has been added to filter out false positives and minimize
false negatives. Encouraging results with average accuracy above 98% have been reported for a large dataset of 1500 LP samples having
variability in orientation, scaling, plate location, illumination and complex background. Examples of highly inclined LP images were
successfully detected proving the ability to detect LPs in emergent conditions such as accidents and crime circumstances.

Index Terms— Genetic algorithms, image processing, image representation, license plate detection, road vehicle identification, sorting

crossover, USPS crossover.

1 INTRODUCTION

Automatic license plate recognition (ALPR) is the most
important module of Intelligent Transportation Systems
(ITS). ALPR is used separately to perform vehicle identification
for the purpose of toll payment, parking fee payment, freeway
and arterial monitoring systems, detection of stolen vehicles,
among others [1]-[2]. ALPR is divided into three main steps:
plate detection, character segmentation and character recogni-
tion. The accuracy and performance of ALPR is significantly de-
pendent on the first two steps. Numerous researches have been
based on the three-step approach (excluding the capturing step
because it is done by the hardware input device and the prepro-
cessing step because it is included in the detection step) to solve
the ALPR problem [1]-[3]. Text-based and texture-based license
plate detection can be considered two-step approaches that
start by the segmentation of the license text in the image and
then do the character recognition step. The main drawback of
these segmentation techniques was their intensive computa-
tional demand and sensitivity to the presence of other text such
as bumper stickers or model identification [1]. Further differen-
tiation between the license text and other types of text data
needs the recognition of each character and based on lexical
rules related to the license number format, correct detection can
be achieved. Detecting license text and at the same time distin-
guishing it from similar patterns based on the geometrical rela-
tionships between the symbols constituting the license number
using GA was our novel approach in [3]. Scale and translation
invariability were introduced by defining the geometrical rela-
tionship matrix (GRM) that encodes the relative locations and
dimensions of the symbols inside the plate number resulting in
the GA based localization system in [3]. High accuracy above
98% was achieved in a comparison with one of the state of the
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art work [4]. Focusing on GA-based systems used in the solu-
tion of the License Plate (LP) detection problem, there were
three trails [5]-[7] mentioned in [3]. These GA based solutions
tried GA but did not introduce general solutions because of
color-and-shape dependency with low accuracy, scale depend-
ency, and sensitivity to other text respectively as stated in [3].
Moreover, none of these GA-based algorithms is orientation in-
dependent. The necessity of using GAs in the LP problem can
be justified by the various researches published in image regis-
tration where the goal is to match two images taken under dif-
ferent geometric, lighting, and sensor conditions [8-15]. The de-
tection of a specific LP with a fixed Vehicle Plate Number (VPN)
can be regarded as a special case of image registration when the
objective is to find a reference image (template) in a landscape
image [12]. On the other hand, detection of an unknown LP
with unknown VPN cannot be achieved by most of these image
matching and registration techniques since the template image
and the unknown plate will have a different pattern for the
VPN. Hence, there should be a transformation to a feature
space, which is invariant w.r.t to the VPN and/or a machine
learning technique such as neural network (NN) to detect any
LP with any VPN. Following this approach, a serious trial [16]
used GA to randomly select candidate positions of LP windows
inside an image and evaluate each window based on a NN fed
by the vertical-edge-based statistical features of the window.
This technique gave better performance than moving a fixed
window sequentially from pixel to pixel in the image but it is
neither scale invariance (because of fixed window) nor orienta-
tion independent (because of vertical edge based features). A
recent study [17] used a GA-based technique similar to [16] but
the fitness measured by the NN is based on the histogram of
oriented gradients (HOG) features of a fixed size window. Alt-
hough HOG features are scale invariant and a high accuracy
rate is reported (above 98%), the technique is still scale and ori-
entation dependent because of using a fixing size window with
horizontal orientation. Moreover, using a neural network based
evaluation for the fitness function requires too many positive
and negative training samples in case of adaption to another LP
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layout or style. The main contribution that distinguishes the
system in [3] is the use of only one template to locate the license
number based on the geometric layout of its symbols without
incorporating the shape of the LP or even its colors. This single-
template based solution makes it easy to adapt the system on
different LP formats or styles. Although the system in [3]
showed great tolerance in the localization process in case of
physical and/ or perspective distortion, higher threshold values
that limit the objective distance (OD) between the LP prototype
and the unknown LP were needed in case of highly inclined
plates which would result in more false positives (FPs). Having
a wide range of angles allows the ALPR system to detect LP
numbers in emergent conditions in which a person or a police
officer takes a picture by a hand-held camera or a mobile phone
in crime circumstances. Other conditions concern the images of
cars before being flipped or turned over in accidents. Hence,
our goal in this research is to introduce rotation independency
to the system in [3] through several modifications in the GRM
layout, the objective function definition and the crossover oper-
ator. Many other changes of the system are introduced for per-
formance enhancement as will be described in the following
sections. A complete overview of the modified system that we
name GABOSIL-VPN (Genetic Algorithms Based Orientation
and Scale Invariant Localization of Vehicle Plate Number) for
further referencing is given in Section 2. The image-processing
phase is summarized in Section 3. In Section 4, the separated
objects filtering phase is summarized. GA modifications are
demonstrated in Section 5. The results are presented and dis-
cussed in Section 6. Finally, the conclusion is given in Section 7.

2 SYSTEM OVERVIEW

In this research, it is intended to separate the new system into
three phases, instead of two to support development of each
phase separately. The three phases: image processing phase,
objects filtering phase and GA phase are shown in the system
flowchart in Fig. 1. Each phase is composed of many stages.
The starting stage receives an input color image that is pro-
cessed in the first two phases to produce the best candidate ob-
jects fed to the GA phase. The GA phase searches for the opti-
mum objects sequence that resembles an LP number based on
the objective distance between the GRM of the unknown object
sequence and the input GRM of the prototype LP symbols.

3 IMAGE PROCESSING PHASE

In this phase, an input color image is exposed to a sequence
of four stages to extract a number (N) of the relevant 2-D objects
that may represent the symbols constituting the LP. These four
stages (Color-to-Gray Conversion, Adaptive Binarization,
Morphological Operations and Connected Component
Analysis (CCA)) are the same as in [3] and will not be described
again since there is no change done to them. Fig. 2 (a) shows the
output of the adaptive binarization stage and Fig. 2 (b) shows

the output of the CCA stage as rectangle-bounded objects.

4 OBJECTS FILTERING PHASE

This phase includes three stages: aspect ratio filtering, dimen-
sional (or size) filtering and black/white ratio (or extension) fil-
tering. These stages can be carried out separately or combined
in one stage. Size filtering is the same as in [3]. Aspect ratio and
extension filtering are combined due to the nature of some sym-
bols like “1” and ‘1" as will be described in the following section.
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Fig. 2. Image processing stages 2 and 4: (a) Stage 2: Adaptive binarization output.
(b) Stage 4: CCA output (440 objects).
4.1 Aspect ratio and extension filtering

Extension filtering is carried out based on the amount of
black pixels (NB) inside each symbol box that contains other
white pixels (NW). The extension (Ext) is equal to NB /
(NB+NW). By measuring the extension of Latin symbols in
about 200 Saudi LPs, we found that the extension of license
symbols lies between 0.15 and 0.8. We found that the same
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range is correct for most Latin symbols present at the public da-
taset in [18] except for one or two thin symbols such as the digit
1" and the letter ‘I". Hence, by filtering out objects outside the
used extension range, a great reduction of the number of output
objects is introduced. On the other hand, in most LPs, the box
surrounding the LP symbol has an aspect ratio
(ASP=Width/Height) between 0.3 and 3.3, taking rotation and
perspective distortion into consideration. In variable width
fonts, some thin symbols like the digit ‘1" and the letter ‘I’ may
have aspect ratios below 0.3. These thin symbols may also have
an extension of 1.0. Hence, the higher limit of extension is not
applied on thin symbols leading to the following inequalities
for any LP symbol object (obj):
0.3 <ASPj <3.3 AND 0.15 <Extopj < 0.8

for normal symbols 1)
(0.05 < ASPqhj <0.3 OR 3.3 < ASPqp; <20)
AND (0.10 < Extopj < 1.0) for thin symbols (2)

An example of the output of this stage is given in Fig. 3 after
applying objects filtering on the objects shown in Fig. 2 (b).

Fig. 3. Output of M (48) objects after objects filtering of the N (440) objects
in Fig. 2 (b).

Table 1 gives a real view of the effects of both size filtering and
the combined aspect and extension stages for 10 different im-
ages; where N is the number of objects output from CCA stage,
M1 is the number of objects after size filtering only, and
M2(=M) is the number of objects after all objects filtering stages.

TABLE 1 NUMBER OF OUTPUT OBJECTS: N (AFTER CCA), M1 (AFTER
SIZE FILTERING ONLY) AND M2 (AFTER OBJECTS FILTERING PHASE)
FOR 10 IMAGES.

Img# Average
1 2 3 4 5 6 [7 8 9
number
NV 4576/7544(2034(9119 [2628|3812(9518 (7885 |12662 (6392|6617
M1 |44 |63 |43 (141 (38 |81 (180 (118 (80 114 [90.2
M2 |40 |43 (30 (134 34 |68 (163 (103 (70 101 (78.6

5 GA PHASE

Several modifications of this phase have been carried out on
the original GA in [3] to support rotation invariability in LI de-
tection. These modifications are done in a smart way in the
chromosome layout, genetic operators and objective function to
support accurate and relatively fast detection of inclined plates.
The details of these modifications will be discussed in the fol-
lowing section.

5.1 Compact chromosome layout

Encoding of the LP is accomplished as in [3] based on the
constituting objects inside it taking into account undetected or

missed symbols due to image capturing conditions and image
processing problems. An integer-encoding scheme has been se-
lected. The chromosome is composed of L genes. Where L is the
number of symbols in the LP. Each gene i is assigned an integer
value j, which represents the index to one of the M objects out-
put from the objects filtering phase. The data used for each ob-
ject j as in [3] are the upper left corner coordinates (x, y), the
height (H) and the width (W) of the rectangle bounding the ob-
ject. As declared in [3], the Number of Skipped symbols (NS) is
set to zero in the first run of the GA. If the objective distance of
the best chromosome is above the Objective Distance Threshold
(ODT) (or better the maximum allowable objective distance
OD,uix), a new run is initiated after incrementing NS. As shown
in the example in Fig. 4 (a), the skipped symbols were repre-
sented in [3] by extending the chromosome by a number of
genes equal to the maximum allowed number of skipped sym-
bols (4 in case of Saudi LP as set in [3]).

gene index (i) -1 2 3 4 5 6
object index(j) | 13 12 15 17 11 9 8

2 4

NS=3

gene index (i) - 1 2
object/gene| 13 15

index (j /1)
l V \e

gene index (i) - 1 2

object index(j] 13 SK

Fig. 4. Original and new layout and mapping steps: (a)
Original layout. (b) New layout. (c) The non-skipped symbols
in (b) after being mapped to their original locations in the two
steps shown by the arrows (stepl: dashed arrows and step 2:
solid arrows).

Since the skipped symbols indices (j’s) will not be used in
any manner and at each run we know their number (NS), hence
their locations in the chromosome can be used to store their
skipped gene indices (i’s) instead of their object indices (j’s). The
NS skipped gene locations are grouped at the tail of the chro-
mosome and their values are initiated as random integers from
1 to L. To illustrate this we refer to Fig. 4 (a), where the skipped
symbols locations are 2, 4 and 7 which means that objects 12, 17
and 8 will be considered absent in the current chromosome and
their position and dimensional values will not be required in
the objective distance calculation. In the new implementation,
the skipped gene indices (2, 4 and 7) are stored at the tail of the
chromosome as shown in Fig. 4 (b) without extending the chro-
mosome as in Fig. 4 (a). The remaining positions of the chromo-
some will be just enough to store the (L-NS) non-skipped object
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indices and will occupy the front part of the chromosome as
shown in Fig. 4 (b). Returning the non-skipped objects to their
original positions can be automatically done in two steps when
needed as illustrated in Fig. 4 (c). The advantage of this compact
representation over the original one lies in saving the positions
of skipped symbols which fixes the population representation
size to Z (number of chromosomes) X L integers instead of Z x
(L+NS) integers reducing the search space during skipping
and hence decreasing the detection time. Moreover, reaching to
the optimum solution will be easier in case of image processing
problems such as connection of some symbols to their neigh-
bors or to the plate frame, because these skipped symbols are
not fed to the GA and hence it will not wait until other random
objects occupy these skipped positions as in the original imple-
mentation. Other benefits of this representation exist when do-
ing crossover and mutation as will be shown later.

5.2 Multidimensional GRM Layout

In [3], a 2-D GRM was used to represent the geometric relation-
ships between the consecutive symbols in the prototype LP.
The GRM is defined and described in detail in [3].

In short, for L-symbol LP, a 4 x (L-1) matrix was built to repre-
sent the geometric relationships between each two consecutive
symbols in the LP. The 4 relationships RX, RY, RW and RH are
used to represent the relative horizontal and vertical position
values and the relative width and height values between each
two consecutive objects respectively. Only the relations RX, RY
and RH ware used in [3] and defined as follows:

RXir1,=(Xi+1-Xi)/ Hi 3)
RYis1,=(Yi1-Yi)/ H; 4)
RHi+1,=( Hi+s-Hi)/ Hi )

Since these relationships were stored in the GRM then the cal-
culation of the objective distance in case of no symbol skipping
(or in the first run of the GA) is done as described in [3]. In case
of skipped symbols, the objective distance is calculated only for
the non-skipped objects based on the geometric layout of their
corresponding symbols in the prototype plate. This will require
evaluation of the relationship values for non-consecutive sym-
bols in the prototype plate such as RH31 or RHy; if we skip one
or two symbols after the first symbol respectively. Since the
GRM matrix is defined for consecutive symbols only, we
should deduce the relationships between all non-consecutive
symbols to support any skipping case. In general, to deduce the
relationship RHj+; (by skipping the (i+1)% symbol) in terms of
the stored values of RHi+1; and RHi+»,i+1, then based on (5) we
can deduce the following:

RH,‘+2,,‘=(RH,‘+2,1‘+1+1)(RH1+1/1+1)—1 (6)
Similarly, based on (3-5) we can deduce that:

RXis2i= RXiw1it (RHivg,i+1) RXi,i41 @)

RYii2i= RYjs1,it (RH;‘+1,,'+1) RYiizi41 (8)

Hence, any relationship between non-consecutive symbols can
be calculated from the old GRM. Since these relationships are
fixed for the prototype plate, we can calculate them at offline
and store them in the new layout of the GRM matrix instead of
calculating them at runtime. To store the relationships between
any two symbols either consecutive or not, the GRM matrix
should be a 3-D matrix; where the first dimension refers to the

relation type (1:RX, 2:RY, 3:RH, and 4:RW) and the second di-
mension refers to the first gene (i;) which has values from 1 to
L-1 and finally the third dimension will refer to the second gene
i> that has values from i;+1 to L (7 in case of Saudi LP).
In this case, for example, GRM(1,1,2) will contain the value of
RX51 and GRM(1,1,3) will contain the value of RXzi1. Also,
GRM(2,1,2) will give the value of RY>: and GRM(2,1,3) will
contain the value for RY31. Having this matrix prepared at start-
up of the system will speed up the evaluation of the objective
function for each chromosome at run time.
Another step to speed up the calculation of the objective dis-
tance is introduced to support rotation invariability in case of
inclined plates, by calculating the values of the GRM for the re-
quired range of direction angles from -6,° to +6,° after posi-
tioning the prototype plate at each angle in this range (instead
of mapping each unknown inclined L-objects sequence in the
whole population (Z) to the horizontal position). This means
that we will have different values for the GRM matrix at differ-
ent direction angles 6°, which will result in a 4-D GRM matrix
represented as follows:

GRM (6, R, i1, 12) 9)
Where 6 represents the unknown sequence direction angle,
R represents the relation type (1: RX, 2: RY, 3: RH, 4: RW),
i; represents the first gene index, and finally
i represents the second gene index where i, > 1; .
To generate the 4-D GRM matrix we use only one copy of a hor-
izontal plate image as a prototype template. By rotating this
template and evaluating the GRM matrix values at each angle
starting from -6,° to +6,° we get all relevant values and store
the whole GRM into a MATLAB file, which is then loaded at
the start-up of the localization program. Adaptation to any new
layout will require only the existence of a clear horizontal image
of the new prototype including only symbol objects (or better
the rectangles surrounding the LP symbols) in their correct hor-
izontal locations without any geometric distortion.

5.3 Objective Distance and Fitness Modifications
The objective distance is calculated as defined in [3], but due to
the new compact layout, there should be a type of mapping in case
of skipping that should be considered in the evaluation of the ob-
jective distance. To clarify this, the evaluation of the RX distance
is given as an example. In case of no skipping, the RX distance
(4ARXkp) between any chromosome k and the prototype chromo-
some p, corresponding to the input GRM, is defined in [3] as fol-
lows:
ARXyp = Xili |(RXi+1,i)k - (RXi+1,i)p| (10)
It should be noted that we mean by (RX i+1,i)k the value of the
RX relationship between the object j; stored at gene i and the
object j; stored at gene (i+1) located in the chromosome k; i.e.
there is a hidden mapping from the gene index i to its object
index j that is not explicitly shown for simplification. In case of
skipping, the skipped symbols are not considered in the objec-
tive distance calculations, only the distances between existing
symbols and their corresponding ones in the prototype tem-
plate will be calculated. Hence, there are (L-NS-1) distance val-
ues instead of (L-1). If we assume that i refers to the existing
symbol gene in the chromosome k, then the corresponding in-
dex in the prototype chromosome p may be equal to i or some
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other index smaller or greater than i that represents one-to-one
mapping from the existing symbol gene index 7 in the unknown
chromosome k to its corresponding one in the prototype p.
Hence, there is a one-to-one mapping function, which will be
called the skipping map (SkM) that maps each index in the k-
chromosome to its corresponding one in the prototype chromo-
some P. Hence, formula (10) in case of skipping of NS symbols
will be rewritten as follows:

ARX,, = Y251 |(RXi+1,i)k - (RXSkM(i+1),SkM(i))p| 11)
As an example, SkM of the chromosome in Fig. 4 (b) which has
3 skipped symbols has the following four values: 1,3,5,6.

Another modification that regards the redefinition of the ob-
jective distance function in terms of the multi-dimensional
GRM is introduced to support invariability with respect to the
plate angle. This is accomplished by detecting the main direc-
tion of the objects sequence in each chromosome k by averaging
the angles made by the vectors connecting each two consecutive
objects centers ((CX;CY;) and (CXi+1,CYi+1)) with the X-axis as
follows:

L—NS-1
1 CYi41—CY;
S E arctan (L) (12)
L—-NS-1 i=1 CXiy1-CX;

By knowing the chromosome angle 6 we have two choices:

First, rotation of (L-NS) objects for each chromosome in the Z-
population by an angle of 6« to make it parallel to the X-direc-
tion. This will take a large computational time because we
should rotate the bitmap regions of the objects and scan them
pixel by pixel to get the actual positions and dimensions of the
boxes surrounding each object after rotation. This processing
time can be saved by offline generation of the GRM matrix for
the rotated prototype plate symbols at each direction, which is
our second choice that has been described in the definition of
the constructed multi-dimensional GRM. Hence, formula (11)
is rewritten in terms of the GRM matrix defined in (9) as fol-
lows:

(13)
Due to the variability of the dimensions and positions of the
rotated symbols based on their shapes and the angle of rotation,

fine-tuning of the weighting parameters (wx, wy, and wy) in the
following OD formula defined by [3] is needed.

ARX), = YNt |(in+1,i)k — GRM(6y, 1, SkM(i), SKM(i + 1))|

0Dy, = WyARX,,, + WyARY, ,, + wy, ARH ), + W, ARW,.,, + W, AAS,,,  (14)

Without rotation we are sure that the relative heights and y-
positions between consecutive symbols are fixed (for the Latin
part of the Saudi LP and most Latin LPs), but in case of rotation,
the relative heights of the symbols and y-positions will vary de-

pending on the symbol’s shape as shown in Fig. 5.

In [3], wyn and w, were given the value of 4 and w, was given
the value of 1. Due to the mentioned variability we did many
experiments and found that reducing the values of wj; and w,
from 4 to 3 and increasing the value of w, from 1 to 1.5, will give
better convergence behavior and hence the final objective dis-
tance is fine-tuned as follows:

YP T =L 024

(

Fig. 5. Change of bounding box sizes of LP symbols due to rotation:

(a) Horizontal plate: all symbols have same bounding box size [159x98],
(b) Inclined plate with -40°, different symbols have different sizes
Y[163x166],P[138x154], T[163x149],4[149x137],0[149x149],2[170x166],
4[149x137].
Hence, the fitness of a chromosome k (Fit;) will be given as
follows:

Fit, = —1.5 ARX, , — 3ARY, , — 3 ARH,, (16)
In addition, due to the increased variability of the symbol rel-
ative positions and dimensions based on the angle of the in-

clined plate, the threshold OD,., is increased linearly with the
average angle 6 as follows:

ODax =4+0.1 | O | 17)

The above modifications should decrease the false negatives
(FNs) in case of inclined plates but may increase the FPs due to
the rising of the objective distance threshold in case of inclined
object sequences that may represent fake LPs. Regarding the
old system [3], we are sure that both rates will be higher than
the new system (GABOSIL) if the old OD,u is set to the value
that corresponds to the maximum allowable angle in the new
system because we increase OD,u slightly in the new system
based on the inclined angle but it will be fixed at the highest
value in [3] for all sequences of objects at any inclined angle.

5.4 The selection method

The Stochastic Universal Sampling (SUS) method has been
adopted for the selection of offspring in the new generation as
in [3]. Individuals of 80% of the population size (0.8 Z) are se-
lected to be exposed to mutation and crossover operators with
corresponding probabilities P.=0.8 and P,,=0.02.

5.5 Mutation operators

In [3], two types of interchangeably used mutation operators
have been implemented; substitution operator and swap oper-
ator. Due to the new compact layout of the chromosome, the
implementation of these operators will be described (taking
skipped symbols into account) in the following sections.

1) Substitution operator

In this type of operators, a random position in the chromosome
is selected and the corresponding allele is replaced by a new
random object from the M available objects if the random posi-
tion is in the non-skipped region. The new object should be dif-
ferent from other objects in the mutated chromosome. If the
random position is located in the skipped region, a new random

0Dy, = 1.5 ARX,,, + 3 ARY, , + 3 ARH,, (15) number from 1 to L substitutes the current value at this random
position as in Fig. 6 (a).
IJSER © 2016
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2) Swap operator
In this operator, as in [3], we implemented the reciprocal ex-
change mutation that selects two genes randomly and swaps
them as shown in Fig. 6 (b). Swapping in the skipped part has
no effect since the order is not important in this part.

None skipped part

Skipped part

(b)

Fig. 6. Examples for the used mutation operators: (a) Substitu-
tion operator, (b) Swap operator.

5.6 Unify, Rotate, Sort, Partition, and Sort crossover
operator (URSPS)

In [3], the USPS crossover operator was introduced and its capa-
bility was experimentally proven by resulting in fast partitioning
of objects in parent chromosomes based on their y-coordinates
(or x-coordinates in the alternate operator) to produce more fit
offspring. In this work, this operator will be enhanced to perform
better in more complex situations of the parent chromosomes
such as those shown in the left most and right most cases in Table
2.

TABLE 2 PLATES INCLINED BY DIFFERENT ANGLES AND THE CORRE-
SPONDING ODS WHEN MEASURED BY [3] WHERE THE VERTICAL AND
HORIZONTAL BLACK-AND-WHITE LINES SEPARATE THE OUTLINED SYM-
BOLS EQUALLY.

06.4 19.2

OD | O | Image
o
(—]

Although all the shown LP numbers have been detected using
the USPS operator, we have shown that ODmax should be in-
creased in [3] to detect high sloped plates as shown in the left
most (-30°) and the right most (45) plates. This rising of the ob-
jective distance threshold, if fixed in [3], will increase FPs and still
we will get more delay in the detection time because of the fol-
lowing;:

If we assume that the two parents having a mixture of the Arabic
and Latin symbols as follow:

P1=[0[6 |7 |5|< | =] ¢|

P2=16 |50 |7|T[]|B]

If we apply the USPS on the plates having angles from -18° to
+19°, the two offspring will get the required separated genes. On
the other hand, it will be difficult to separate the Arabic and Latin
symbols outside the mentioned angle range because of the over-
lapping of both sequences in both X and Y directions. For exam-
ple in case of the 45 ° rotated plate, after applying the US(y)PS(x)
operator we will get the following offspring:

Chl=|0]% | T | <] | B]

Ch2=|6|5|6|7|5]|7|0]

If we apply the alternate US(x) PS(x) we will get a similar result.
Where we mean by S(x), sorting based on x- coordinates and by
S(y), sorting based on y-coordinates. Hence, to reach to the re-
quired result by applying the original crossover we will need
more generations to separate the Latin part of the license number
based on the random distribution of objects inside other chromo-
somes in the same population and sure, it will require further
mutation operations. This problem is not pertinent to bilingual
or two-line LPs only but it exists in single line licenses as shown
in the 2 and 34 rows of the Appendix Table because of overlap-
ping with other objects such as vehicle model or bolts and nails.
The overlapping problem can be solved by introducing the rotat-
ing URSPS operator, which unifies the two parents and then sorts
them based on the vertical distance from an inclined (rotated)
axis with random direction that represents a rotated X-axis (Xx).
Since this reference line X; passes through the origin point (0, 0),
then its equation can be written as follows:

X; =myx (18)
The vertical distance Y’ between any object j at position (X Yj)
and the reference line X; will be:

Y'=YrmX; (19)

By giving m, a random value between -tan (0,) and +tan (65)
and sorting the unified chromosome objects based on Y’, the GA
will be able to separate symbols of plates inclined with angles
from - 6, to + 6,. Reported values of the slope my and the new
objective distances after applying the modified operator on the
same images in Table 2 are shown in Table 3. The complete steps
for the implementation of the URSPS crossover (considering
skipped symbols) when applied on the two parent objects shown
in Fig. 7 are presented in Fig. 8. From Fig. 8, we notice that the
crossover process for a non-zero value of NS will be the same as
for zero value except that (L-NS) genes from each parent are to
be recombined instead of L genes. In addition, each offspring will
take its original skipping values at the end of the crossover oper-
ation. Fig. 9 shows convergence graphs for two different LP im-
ages (Al and A2) using the new URSPS at the top graphs (Bl
and B2) and the old USPS at the bottom ((C1, D1) for Al and
(C2, D2, E2) for A2).

Regarding the first image (A1), the GA with the old USPS
crossover failed in the first run with N5=0 (C1) and found the so-
lution at the second run with NS=1(D1) where (L-1) symbols can
be separated as indicated by the Vertical Separating Line (VSL) us-
ing the alternate operator US(x)PS(x) which partitions the objects
based on the x-coordinates.
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TABLE 3 THE SLOPE VALUES (Mx) AT WHICH LATIN AND ARABIC LP-
SYMBOLS SHOWN IN TABLE 2 ARE SEPARATED WITH THEIR CORRE-
SPONDING ODs IN GABOSIL-VPN SYSTEM.

==

Fig. 7. Parent objects pl (vertical double lines boundary) and p2
(horizontal double lines boundary) used as inputs to the crossover
steps in Fig. 8., where X; represents the reference line used in step
2in Fig. 8.

Considering the second image (A2), the GA with the old USPS
crossover failed to find the solution at the first and second runs (C2,
D2) and the solution was found randomly at the third run with
NS=2 (E2) because the overlapping is very high between the Latin
and Arabic sequences and at least 3 or 2 symbols are needed to be
skipped to allow horizontal or vertical separation as indicated by
the VSL or Horizontal SL (HSL) respectively. Without forgetting
to compare with random crossover operators, a 2-point random
crossover has been modified as in [3] to prevent unaccepted object
repetitions and tried for the two test images. The 2-point random
crossover found the solution for the first image Al (M=333) at the
fourth trail (NS=3) after 188 generations whereas it found the solu-
tion for the second image (A2) at the second trial (NS=1) after 35
generations because of small M (=20). Hence, we conclude that the
new URSPS operator outperforms both the original USPS and the
2-point random crossovers when detecting highly inclined plates.
Considering slightly inclined plates (| 6| <15°), it was shown ex-
perimentally in [3] that the USPS operator outperformed the 2-
point random crossover operator. More experiments will be per-
formed to demonstrate the significance of the URSPS operator in
the results section.

5.7 Replacement strategy

As in [3], the best 20% of the parents are selected and ap-
pended to the offspring (80%) to produce the new generation
(100%).

5.8 Stopping criteria

The GA stops if one of the following conditions is met:

1. The best chromosome’s objective distance (ODrest) is less
than the minimum objective threshold (ODmin).

2. ODnin is decreased in case of skipped symbols by a factor
of ((L-NS)/L) as a penalty for non-complete matching while
it is increased linearly with the absolute value of the aver-
age angle of the best chromosome | Bhest| to compensate
for the increased OD in case of plate rotation as described
before. Hence, the formula for OD,i» becomes as follows:

3. ODmin =2 (( L-NS)/L)+ 0.1 | BOpest | (20)

4. ODpest is not improved for 5 successive generations and is
less than ODmax which is given by (17) and modified in case
of skipping as follows:

5. ODmax =4 ((L-NS)/L) + 0.1 | Opest | (21)

6. The average objective distance (OD,y) is not improved for
6 successive generations.

7. The number of generations Ngen reaches to the maximum
number of generations MaxNgen (set to 20).

If stopping happens due to reasons 3 or 4, the solution is ac-
cepted if ODkest is less or equal to ODpmax.

5.9 Parameters setting

The population size (Z) is selected dynamically as in [3] but
after changing 1.65 to 2 to simplify the process of sub grouping (if
needed for parallel processing or other reasons) in future develop-
ments as follows:

7 =D x D021 blength) 22)
Where blength is given by:
blength =L xLog, (M) (23)

5.10 Fake detection and verification stage

Due to the high values of ODnmax at large angles, some fake outputs are
enabled at some cases in the preliminary test of the new system, which
necessitates an addition of a fake detection and verification stage. In
this stage, if the candidate solution output from the genetic stage
has an angle more than 5° and OD\.s; is more than 4.5, the output
symbol sequence is rotated with the same angle to be horizontal
and the objective distance is recalculated based on the horizontal
template producing the horizontal objective distance (HOD).
Hence, the output of the GA is accepted if the following logic ex-
pression is true:

(HOD <3.5) OR (ODpest £ ODmax AND HOD <4.5) (24)
Otherwise, the solution is rejected and a new run of the GA stage
is initiated with the incremented value of NS. The significance of
this stage will be demonstrated in the next section.

6 RESULTS AND DISCUSSION

To evaluate GABOSIL, we collected 466 images in addition to the
800 images used in the first experiment in [3] and generated an-
other 234 images by rotation of different images with various angle
values reaching to a size of 1500 LP image dataset.
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4 b — > |

ind(i)}] 1 2 3 4 5 6 7,| 8 9 | 10 | 1 |

obj(j)| 4 2 5 15 11 6,1 9 12 14 1 |
x | 112 | 337 | 268 | 425 | sa2 | 752 | 177, | 313 | 424 | 483 | 227

y 233 154 144 246 486 379 26]: 347 410 466 76 I

Yy 177.25| -14.25| 10.25 | 33.75 | 215.25| 3.25 172.1_5 190.75| 198.25| 224.75| -37.25 :

L}

] I

| |

- |

ind (i) 1 2 3 4 5 6 7 I 8 9 10 11 |
obi() 1 3 | 1| 2 5 6 a, | 9 | 12| 15| 1

X 227 337 752 268 425 177 112 313 424 542 483 I

v | -37.25| -14.25| 3.25 | 10.25 | 33.75 | 172.75) 177.25| 190.75 | 198.25| 215.25 | 224.75 :

< } > |

| |

| [

| [

| OFs2 |

| ind()) 1 2 3 4 5 6 I

| obil)] 6 4 9 | 12 | 15 | 14 |
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| |

A |
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OFs1

ind(i)| 1 2 3 4 5 6 7 | OFs2

obj (i)l 6 1 2 3 5 1 2 |ind()f 1 2 3 4 5 6 7

x | 177 | 227 | 268 | 337 | 425 | 752 | skip | obj(j)| 4 6 9 | 12 | 14| 15 | 3
x | 112 | 177 | 313 | 424 | 483 | 542 | skip

Fig. 8. The steps of the URSPS crossover operator. The slope and y-coordinates are inverted because the positive Y-axis in MATLAB fig-

ures points downward.
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Fig. 9. Convergence graphs for two different LP images (Al and A2) using the new URSPS at the top graphs (B1 and B2) and the old USPS at the
bottom graphs ((C1, D1) for Al and (C2, D2, E2) for A2).
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Although the Latin dataset in [18] was used in testing the sys-
tem in [3] in conjunction with a Saudi LP dataset, we preferred
to do our experiments on the Saudi layout only because it has
two number sequences (Arabic and Latin) which always have
overlapping problem in case of inclined plates. The Arabic se-
quence part is considered in our experiment as an interfering
part that should be separated from the Latin sequence in the
detection process. Another reason for not using the Latin data-
base is the lack of highly inclined samples in it. To the best of
our knowledge, a public data set that has the challenging vari-
ability of the plate angles in conjunction with other difficulties
has not been published until writing this text. This is because
most researchers base their proposed solutions on the tradi-
tional use of the LP detection problem. Another reason is due
to privacy concerns, which prevent most of them from publish-
ing LP images. The lack of a common evaluation database
makes evaluations and comparisons with other techniques un-
fair. Hence, to prove the significance of the new enhancements
we focus on the comparison with the previous system devel-
oped in [3]. Two experiments have been carried out. The first is
carried out on the 1500 test samples using the old system in [3]
with a value of 8 for the ODT (now OD,u) threshold and a
range from -85° to 85° for the GABOSIL-VPN system. The new
system is tested twice: the first, without the fake detection stage
(NW) and the second using the fake detection stage (NWFD).
Each image is tested three times in this experiment leading to a
total number of tests (NT) equal to 4500. The second experiment
is carried out only on the 48 images shown in Table 4 with the
same conditions in the first experiment but each image is tested
10 times leading to 480 tests. The purpose of the second exper-
iment is to test the perfomance of the GA when faced with a
relatively uniform distribution of plate angles along the full
range (from -85° to 85°). The results of the two experiments are
shown in Table 5.

From both experiments, we notice the following:

The previous system failed in the detection of most of the plates
having angle ranges from 30° to 85° and from -85° to -30° due
to the inability of reaching to the optimum solution using the
old crossover in addition to the high objective distance (>8)
based on the single horizontal template. Moreover, the selected
value (8) of ODmax caused the old system to fall into local min-
ima in most cases and hence increased FPs in both experiments.
In some cases, the old system overcome the situation in the fur-
ther runs of the GA where skipping some symbols and keeping
non-overlapped ones decreased the OD in these situations.

In case of GABOSIL without fake detection, we got less FPs and
less FNs than those produced by the old system but both are
still high because of the unexpected inclined fakes that ap-
peared at high angles. For example, at an angle of 80°, ODax
reaches 12, which is greater than the ODT (8) of the old system.
This allowed some unexpected fakes to be detected as LP sym-
bols as noted from the results at the second row. From the fifth
and sixth rows, we can realize the significance of the fake de-
tection stage where we got 0.4%NT as FNs and 1.7%NT as FPs
in the second experiment instead of 1.7%NT as FNs and
7.9%NT as FPs without fake detection. Decreasing FPs is ex-
pected because most fakes get large HOD (more than 4.5) when

made horizontal. On the other hand, some LP samples may
have OD more than ODmax but when made horizontal they get
very low HOD (less than or equal to 3.5) which transforms their
results from FNs to true positives (TPs) and hence the FNs are
reduced.

Considering Table 4, various examples of images detected by
GABOSIL-VPN system are presented with their angles (13t
value) and OD values under each image. The 2nd value repre-
sents OD for [3] which is always higher than the 3 value that
represents OD for GABOSIL without fake detection. A value
higher than 8 for the 2d value means that the sample is not de-
tected by [3] at the shown NS (The 5t value). The 4t value rep-
resents HOD for GABOSIL with fake detection which is almost
lower than the 3 value. For the sake of fair comparisons, the
old OD values shown under each image are measured in the
two experiments in the context of the new system (GABOSIL)
by fixing the chromosome angle 6y to 0° when substituting in
the GRM which resulted in different values other than an-
nounced in [3]. The reason behind this difference is that the
template of the new system at 0° differs slightly from the single
template in [3] and the objective function weights are slightly
different as stated earlier. It should be noted that bold numbers
are intended to indicate cases where OD is above the accepted
threshold value of the concerned system (8 for [3] and ODax
evaluated by (21) for GABOSIL). The success of detecting LPs
in the full range from -85° to +85° shown in all rows from A to
H demonstrates the ability of the new system to detect plates
captured in emergent conditions such as accidents and crime
circumstances (obviously within the reported angle range). Get-
ting accuracy above 97% in the performance test in the context
of the new wider-angle scope is due to the introduced features
in GABOSIL that minimize both FPs and FNs. The first feature
that makes GABOSIL highly stable is due to the introduced
crossover USPS and its enhanced version URSPS, which guide
the search space fast and accurately to the required solution and
hence minimize both FPs and FNs as proved in the experi-
ments. The second feature is due to the introduction of the fake
detection stage that minimizes both FPs and FNs by pushing
the GA to try another solution in case of fakes or FNs with more
skipping which allows it to recover from the previous local
minima. Moreover, decreasing the problem dimensionality in
case of skipping from Z x (L+NS+1) to Z x L by the new com-
pact implementation increases the probability of getting the re-
quired solution and consequently increases the speed and abil-
ity of GABOSIL when recovering from local minima. In addi-
tion, penalizing the OD thresholds in case of skipping by mul-
tiplying them by (L-NS)/L increases the accuracy and stability
of the GA by making the skipping more controllable. Finally,
calculating the OD of each chromosome based on its corre-
sponding inclined prototype (in the multidimensional GRM)
minimizes its value and makes the unknown inclined plate
chromosomes dominate the search space which results in more
TPs and less FPs.
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TABLE 4: IMAGES TESTED IN EXPERIMENT 2 WITH VALUES OF ANGLES, OD (OLD), OD (NW), HOD (NWFD), AND NS UNDER EACH
IMAGE. WHERE DETECTED SYMBOLS IN THE LATIN PART ARE OUTLINED BY RED DOUBLE-LINE RECTANGLES AND SKIPPED ONES ARE OUT-
LINED BY BLUE SINGLE-LINE RECTANGLES. THE ARABIC PART IS OUTLINED BY A SEMI-AUTOMATIC METHOD BASED ON THE LATIN PART
GEOMETRY TO INDICATE THE OVERLAPPING OBJECTS.
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Considering the total performance of the genetic phase,
many improvements have been introduced to compensate for
the overhead of the new enhancements done in the URSPS
crossover operator and the objective function evaluation. As
mentioned before we have added new filtering stages to mini-
mize the number of output objects (M) and changed the chro-
mosome and the GRM layouts to speed up the computation in
the GA phase. Due to the performed compensation enhance-
ments, the average detection time measured on the same PC
(2.6 GHZ with 2 GB RAM) used in [3] remains the same for
slightly inclined plates while it is increased by 10% in case of
highly inclined plates leading to about 0.13s to locate the LP
symbols for low resolution images (640x480) and 0.37s for high
resolution images (2048x1536).

TABLE 5: THE RESULTS OF THE 1°T AND 2"° EXPERIMENTS WHERE
ALL PERCENTAGES ARE CALCULATED BASED ON THE TOTAL NUMBER
OF TESTS IN THE SECOND COLUMN.

. | of e | without] with | S| TP
(NT) skipping| skipping]

%SLD) 1500x3 | 3414 | 270 ?;5;%) ‘gi%)
g\t}w) 1500x3 | 3849 | 459 f’; o%) gi%)
%;WFD) 15003 | 3795 | 624 %&5% ) ?19 oo
?SLD) 48x10 | 193 74 22265%) 5(3188.4%)
?;W) 48x10 | 365 69 81.7%) ‘:’;9%)
?;?WFD) 48x10 | 405 65 %0.4%) ?1.7%)

If we consider all the techniques menstined in [1] and [2], we
will be convinced that our system localization time is
comparable to the recorded times for the detection (the major
bottleneck in the processing time in the ALPR problem) and
segmentation steps where the minimum time is 0.03s and the
maximum is 3.2s using different test images with resolution
that ranges from 320 x 240 to 800 x 600 (maybe there are larger
sizes but not explicitly written), we will recognize that most
reported real times are for small sizes such as 320%240. Hence,
we can conclude, assuming linear relationship between the
detection time and the image size, that our system can detect
the smallest LP (with size equal to 320 x 240) in 0.12/4 (=0.03s).
Another important criteria that should be taken into
consideration when comparing GABOSIL with other
techniques is the scope of each variable in the detection
problem. Having a wider scope of the problem variables affects
the system performance (relative to other application-based
systems) when applied on a narrower context. Stressing the fact
that our technique has a wider scope than almost all the
techniques mentioned in [1] and [2] in both scale and
orientation makes it a promotable competitor in the LP
detection domain. However, further filtering and clustering of
objects and analysis of the system speed are required to
improve its performance and capabilities. On the other hand,
further studies can consider comparisons in speed and stability

with other evolutionary techniques or bio-inspired algorithms
that may compete in solving the LP detection problem.
Experimentally, the enhanced system proved more ability to
detect plates in pictures taken in emergent circumstances that
do not allow adjustment of the position and orientation of the
camera with respect to the vehicle. In spite of increasing the
complexity of the system, the new enhancements increase the
system ability to cope with complex situations and reduce
human intervention rate by minimizing the system failure rate
in the detection of inclined LPs at a wider range of angles.

7 CONCLUSION

An enhancement of the previously designed genetic based
prototype system for localizing 2-D compound objects inside
plane images has been introduced to support the detection of
severely inclined LPs. A higher level of flexibility has been
introduced in the USPS crossover operator to allow separation
of inclined license numbers resulting in the enhanced URSPS
operator that can separate linearly separable objects sequences
instead of only vertically or horizontally separable objects in the
case of the original USPS operator. An efficient layout of the
chromosome has been introduced to model the skipped and
non-skipped symbols of the license plates. Moreover, the layout
of the GRM is evolved to support fast and efficient objective
distance evaluation in case of skipped symbols and inclined
plates by storing shift and scale invariant geometric
relationship values at every relevant direction in the specified
angle range. Minimization of both FPs and FNs has been
achieved by the addition of the fake detection stage that
transforms the GA output to the most stable and suitable
orientation (horizontal) for deciding its validity. Another minor
but very important addition is the detection of the angle of
inclination of the plate, which will support the final step in the
ALPR system (character recognition step). Finally, fine-tuning
of the objective distance function and its thresholds has been
done by changing the weighting parameters and adding factors
that incorporate the inclined plate angle and the number of
skipped symbols. The results were encouraging showing
increased ability of the new system in the detection of license
plates in complex geometrical situations. Although our
approach has an acceptable speed and accuracy besides its
superiority in scale and orientation, more research effort is still
needed to cover not only in-plane rotation but also all types of
perspective distortion and to allow for the detection of multiple
plates and even multiple styles in the same image. In addition,
image processing cards and techniques of pipelining and
parallel processing can be used to enhance the performance of
the system and hence apply it in real time monitoring
applications that require faster speed with higher resolution
images. Finally, the enhanced system can be used as a general
solution based on GA to detect compound objects in complex
environments.
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