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Recognition of Data Matrix Two-dimensional
Bar Code Based on Mobile Phones

LIU Ning-zhong, YOU Hai-ying, SUN Han

S22z of Information Science and Technology, Nanjing University of Aeronautics and Astronautics, Nanjing 210016 )

Fraditionally, bar codes are captured and recognized by industrial scanner. In recent years, with the
= mobile value-added services and 3G technology, the application of two-dimensional bar codes in mobile
= rapidly. Taking Data Matrix as an example, the recognition technology of the two-dimensional bar code for
de phones is researched in this paper. First, a fast bar codes detection algorithm based on chain code tracing
is proposed according to the character of Data Matrix. Then the model of blurred bar code signal caused
»d function is analyzed, and Wiener filter is used to recover the signal. At last, aiming at perspective

zon, a fast inverse perspective transformation algorithm is designed, which is suitable for embedded
Tee experimental results show that the performance of the algorithm proposed in this paper is excellent. It
B recognition rate and faster speed, which suffices to the requirement of the practical use.

@mnensional bar code, mobile phone, data matrix, deblur, inverse perspective transformation
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Recognition of the stacked two-dimensional bar code
based on iterative deconvolution

N-Z Liu**, H Sun® and J-Y Yang®

“College of Information Science and Technology. Nanjing University of Aeronautics and Astronautics,

Nanjing 210016, China

®Department of Computer Science, Nanjing University of Science and Technology, Nanjing 210094,

China

Abstract:

Traditionally, the method of bar code recognition is based on edge detection.

Because of the high density of the stacked two-dimensional bar code, the signal is severely
blurred by the point spread function of the optical system. And this method is not suitable. In
order to deblur the image, a deconvolution technique is necessary. Under the influence of noise,
deconvolution is a type of ill-posed problem. Based on the idea of bar codes as bilevel
waveforms, a novel bar code recognition algorithm rooted in iterative deconvolution is
proposed in this paper. First, the bar code is rotated to be horizontal using the interpolation of
sixteen points. After analysing the waveform, the system identification is accomplished. At last,
the bar code waveform is reconstructed based on iterative computations. The results show that
the performance of the algorithm proposed here is excellent. It can achieve higher recognition

rates than previous models.

Keywords:

1 INTRODUCTION

Bar code technology is an important way of auto-
matic data identification."? Its recognition technol-
ogy is a problem of edge detection.” For a long time,
the basic ideas for bar code recognition were all based
on zero crossing of the second derivative to detect the
edges.>* When the density of the bar code is low. this
method can achieve a good result. However, when the
bar code’s density is high, if the camera’s focus is not
on the surface of bar codes, after convolution of the
point spread function® of the optical system, the
edges disturb each other, which causes edge locations
shift.*> At this time, recognition methods based on
edge detection are no longer viable. So the observed
data need deblurring processing before recognition.

The MS was accepted for publication on.

*  Corresponding author: Ning-Zhong Liu, College of Information
Science and Technology, Nanjing University of Aeronautics and
Astronautics, Nanjing 210016, China,; email: Inz66@hotmail.com

IMAG mpl97 © RPS 2010 DOI: 10.1179/136821909X12581187859970

bar code recognition, deconvolution, point spread function, bilevel waveform

There have been some recent efforts on this problem.
For example, Joseph and Pavlidis® calculated the
standard deviation of the point spread function, and
then compensated the edge locations of the bar code.
In Refs. 7 and 8, the deblurring method based on
deterministic ~ expectation-maximisation  algorithm
was applied to process the signal. Shellhammer et
al’ obtained the edges of bar code using selective
sampling and edge-enhancement filter technologies.
Liu and Yang'®'' applied Fourier transform to
process the observed signal to obtain the edge
locations. In Ref. 12, an approach using a hidden
Markov model was applied to edge detection in bar
code signals. Kresic-Juric et al.'*'* analysed statis-
tical properties of edge localisation errors in bar code
signals corrupted by speckle noise. Okol’nishnikova'®
applied recursive step-by-step optimisation formulas
to recognize bar codes.

Although the bar code scanners are already well-
established products in these days, how to deblur the

The Imaging Science Journal Vol 58
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1 A tilting bar code

signal is still a hot point. It can make the scanners to
recognize bar codes of higher density. Because of
commercial value, the latest research is kept confiden-
tial. These existing approaches introduced before used
the method of image enhance to deblur the signal, so
there is limitation in deblurring range. Furthermore,
most of these approaches use laser scanners to
recognize stacked two-dimensional barcodes. How-
ever, with the development of barcode technology, we
have to use cameras to capture images in some
applications. So some new problems need to be
overcome. In this paper, a novel algorithm based on
iterative deconvolution is proposed to recover the
signal. Under the influence of noise, the deconvolution
becomes an ill-posed problem.'? It means that a tiny
change in the observed data can cause a huge change in
the answers. If there are no additional assumptions or
limitations, the ill-posed problem cannot be solved.
After segmentation, the each row of stacked two-
dimensional is composed of black bars and white
spaces, so the bar code’s signal is binary. Using this
limitation, we present an approach based on iterative
computations to process the deconvolution.

2 LOCALISATION AND SEGMENTATION

The stacked two-dimensional bar codes have similar
structures. In this paper, we use PDF41 7"2 bar code as
the example to present the algorithm. Bar code’s
localisation is an important step for recognition. The
bar code needs to be located by filtering text and other
signs in the image. The technology of bar code
localisation can be found in Refs. 10, 11 and 16. In
general, the bar code is at an angle in the image
(Fig. 1). So after getting the bar code’s location, it
needs to rotate the bar code to be horizontal. First, the
top edge points are identified, and Hough transform'’
is used to get the linear formation of bar code’s top
edge. The details are showed in Refs. 10, 11 and 18.
After determination of the inclination angle, the
bar code needs to be rotated to be horizontal. If

The Imaging Science Journal Vol 58
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2 Interpolation of 16 points

nearest neighbour interpolation'” is used to rotate the
bar code, it will cause jagged edges. To avoid jagged
edges, bilinear interpolation'’” is used in Ref. 10.
However, bilinear interpolation blurs edges, so it is
not suitable for deconvolution. In this paper, we use
sixteen points sin (x)/x interpolation.'” It can over-
come the disadvantage of jagged and blurred edges.
Here, a piecewise polynomial s(w) is used to

approximate the best interpolation function'”
sin c(w) =sin(w)/w
1=2\w +|w]? w| <1
s(w)=1< 4—8lw|+5S|w|*—|w]> 1<|w]<2 M
0 [w|>2

As shown in Fig. 2, 16 nearby points participate in
the interpolation to get the grey value of point (x,y).
Here (1,J) is the nearby top-left point of (x,y) and
u=x—1I, v=y—J. The interpolation equation is'’

sy’

s(Y2)

s(Y3)

s(Ys)
(fI—1J-=1) fd-1J)y fU-1J+1) fU—-1,J+2)
fUJ—1)  fdJ)  fAJ+D)  fdJ+2)
fU+1,J=1) fU+1,J) f+1,J+1) fU+1,J+2)
|t +2,0—1) f+2J) fU+2J+1) fI+2,J+2)
[s(X1)

flx,y)=

$(X32) (2)
s(X3)
| $(Xa)
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