Proceedings of the World Congress on Engineering and Computer Science 2011 Vol I
WCECS 2011, October 19-21, 2011, San Francisco, USA

A New Method of Fractal Barcodes
Identification
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Abstract—This article introduces and explains a new
method of 2D coding based on L-Systems Fractal Hypothesis
which has a better security and capacity for coding. The
coding, image processing and decoding of two dimensional
codes by Hopfield Neural network are studied step by step in
this article. Different case studies for a new barcode shape
show that the current approach provides more reliable method
in the early stage of design process.
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I. INTRODUCTION

barcode is an optical machine-readable representation

of data, which shows data about the object to which it

attaches. By prevailing of barcodes for their good
accuracy and quickness, storing more data became easier
than before.
Many studies have accomplished on increasing barcode data
storing capacity suggesting the increase of barcode digits or
defining multiple barcodes by setting them adjacently.
However, mostly had problems; including the increase of
coding costs, barcode size and difficulties in reading and
decoding.
Following these problems, the idea of 2D barcodes is raised.
2D barcodes are able to store more data in smaller sizes.
There are some different types of 2D barcodes such as QR-
Code, Maxi Code, Data Matrix and PDF 417. One of its
more common types is PDF 417 which is not like barcodes
in shape consisting Black-White meshes similar to
Newspaper puzzle. It can store plenty of data in a small
dimension as a portable data bank. Although, increasing
data volume will increase the barcode size.[1]
In 1994, a Japanese company invented a new coding system;
QR. QRs are 2D matrixes that was first invented in
manufacturing trucks but nowadays they are utilized for
other applications because of their good storing capacity and
7-30% capability of data recovery with no problem and
confusion by any damage.[2] This technique stores plenty of
data in an image. By scanning the image and using decode
process the data will be extracted. Data matrix can store a
number of information in an image as a sign or label on the
goods.[3]
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Our Proposed method is using L-Systems in defining Fractal
Codes. This technique provides an eligible security and
complication in preventing deception while give us the
capability of storing large volume of information including
personal data and contact details or even a dairy of driver in
codes.

Fractal is an inharmonious Geometric shape which can be
divided in sectors as subsets of a reference.[4]

L- System is presented by Lindenmayer, a biologist, in
1968, to model the growth processes of Plant development
and morphology of a variety of Multi cellular organisms. It
can also be used to generate self-similar fractals such as
iterated function systems.[5]

In this article we will show the Fractal Coding procedure by
L-system. The advantage of using Fractal curves is that its’
shapes could be used in defining 2D Codes in a favorable
security and capacity. Also the Hopfield Neural Network is
used for decoding of Fractal Codes by recognizing the lines.
A Hopfield network is an integrated artificial neural network
that serves as content-addressable memory systems with
binary threshold units. By any input the most similar stored
pattern in network will be red and chosen as output. Its
function is very similar to human brain in remembering an
image or a memory by watching a part of it.

II. DRAWING THE HILBERT CURVE USING L-SYSTEM:

A Hilbert Curve is a continuous fractal space-filling curve
first described by the German mathematician David Hilbert
in 1891, as a variant of the space-filling curves discovered
by Peano in 1890. [4]

Below is the 6 order of Hilbert curve:

Figl.A Six order Hilbert curve
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III. DATA ENCODING STEP:

First separate the numerical coordinates in each matrix then
regarding the codes define the line between spots.

Here we use fractal pattern which gives us 64 data bits. As a
result the digit 1 is the sign of having the Line and digit 0
shows absence of the Line. Whereas the main codes will be
defined in barcode, we need 8 bits code. For further security
in coding other ways could be used for showing bit0 or 1 on
the Hilbert curve.

Below shows an encoded 5 order Hilbert curve.
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Fig2.Encoded Sorder Hilbert curve

Remember that 5 order of Hilbert curve has 1024 numerical
coordinates which can show 170 characters. 6 order of
Hilbert Curve has 4096 numerical coordinates which can
show 682 characters and also there are 16834 numerical
coordinates and ability of having 2730 character for 7 order
Hilbert Curve.

IV. BARCODE READER:

It’s an instrument that transfers the image of barcode to a
computer for processing and decoding.

There are three models barcode readers. Fixed barcode
reader, portable barcode reader and wireless barcode reader.
We have used a 2D fixed scanner which scans the image of
barcode for processing in a computer.

V. DECODING BARCODE:

Decoding is reading of data from scanned image as bits and
then excluding the primary raw information.

Firstly for preparing the scanned image we should
preprocess it.

Preprocessing:

At this stage for recovering the image quality a median filter
is used to remove the salt and pepper noises.

A median filter is a nonSlinear digital filter which we use it
by defining a 3*3 matrix widow at image. By scanning a
mask for the image, each 8 pixels adjacent to the center of
the window will be included in the median operator.[6]

The next stage is changing recovered image to a black-white
picture. Then by recognizing the lines, 0 &1 bits are
determined. The scanned image will has a different size and
will be angular comparing with its original image. For
solving this problem fist corners of image will be found and
then the turning angel will be determined and then induced
reversely to the image.[7] To sizing the image, diameter of
scanned image will be determined and compared with
original image.
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Fig3.Scanned barcode with determined four corners

In above image a scanned barcode with determined four
corners is shown. The amount of rotation angle is calculated
with following equations:

01 = arctg((ys — y1)/ (X4 — X1))
02 = arctg((y; —y3)/(Xz — X3))
0 = max (01,02)

Then black points of the image then morphologically with
operator of Erosion, a basic operator, defined in a 5*5
matrix window and implicated to image. This will
strengthen black lines of image to be better determined.[6]

Fig4.preprocessed barcode image

The next stage is removing redundant white margin of
recovered image. Referring the Hilbert curve process of
decoding will be started from down-left pixel of the image
and 11*¥11 pixels windows are framed while the window
length equals distance of two Hilbert’s’ coefficients. By
scanning the image according to Hilbert coefficients and
applying the result image to Hopfield neural network, Line
determination process will begin.

Hopfield neural network will be applied for storing some
patterns and their recovering. Training method of this neural
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network will be as follow: first 2D images of the lines,
vertically and horizontally with noise, as the size of selected
window on decoding introduced in neural network. Resulted
vectors will give us the weighting function of neural
network as below equation:

The main advantage of using this neural network is to make
the decoding process better in resistance against noises
which may be introduced while capturing and scanning the
image.

P
1 P
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Calculating the weighting vectors which is a 121*121
matrix (as same as scanned image), 11*11 sub-images
deduces from scanned image will be applied in neural
network. The neural network will map the input image to
one of its previously stored images and so the input image is
classified.[8]

Then the process output is a bit stream which the
preliminary data can be achieved after converting every 8
bits into its Ascii characters and so the decoding is
completed.

The main advantage of using this neural network is to make
the decoding process better in resistance against noises
which may be introduced while capturing and scanning the
image.

VI. CONCLUSION

In this paper we proposed a new barcode using fractal L
systems. Also the implementation process including
barcodes encoding, barcodes reading, enhancement of
scanned image and decoding Hilbert fractal barcodes using a
Hopfield neural network has been explained. The
application of the approach is exemplified by numerical
solutions provided to support the analysis. Results show
significant adaptability in implementing the proposed
method.
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