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Abstract. In this paper, through the research on two-dimensional bar codes of
food source tracking; a set of traceability tracking system was designed based
on the two bar coding algorithm and decoding algorithms. This system could
generate PDF417 code based on food production, logistics and transport,
supermarket and other storage information. Consumers could identify PDF417
code through a client based on B/S architecture so that a simple process of food
traceability has been completed.
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1 Introduction

In recent years, food safety is always a focus of governments, food companies, news
media and the consumers, such as foreign BSE, GMF, domestic Melamine scandal,
Sudan, etc. In 2009, the Food Safety Law adopted on Two Sessions shows the
importance of food safety.

As more serious and emergent of food safety incidents were appeared, the
concept of food traceability was mentioned once again. Food traceability is a process,
in which the supply chains of participants take use of information technology to carry
out the information sharing or to track food supply chains. Once a problem was
discovered in some part of the food supply chains, we could find out the root of the
problem using the information technology from downstream to upstream. There
would be another relative word—traceability. It means that the system can provide
backtracking mechanism at all possible steps, such as food growing period, breeding,
processing, transportation and sale which involved in the process of products
providing. So the consumers could decide what to buy according to this information
related to the origin and transport. The application of backtracking mechanism was
more mature and widespread in the EU and Japan than our country.

Currently, there are two popular traceability technologies in the world, including
isotopes tracing and barcode technology. Isotope tracing technique is to distinguish
various types of food and their possible sources, depending on isotopic composition in
vivo of which is affected by the factors of climate, environment, and type of
biological metabolism ™. The basic principle and foundation of this technique is



based on the natural isotope fractionation effects. AS the information carrier, the bar
code technology is a traceable method from downstream to upstream. This method is
widely used in the world, and it also reached a certain high degree of maturity.
Different types of bar code offered different origins of the principle.

In China, traceability of food safety technology develops late. There was only the
concept of food traceability in the late 1970s, but it has a fairly rapid development.
During the Tenth Five-Year Plan period, independent innovation capacity original
innovation of food safety technology and recreation capacity of digestion and
absorption are greatly enhanced through the implementation of food safety science
and technology projects. In recent years, due to the repeated food safety problems, the
government intensifies the monitoring of food safety but the work is just beginning.
As the feature of decentralized management of food security monitoring, the uniform
national food safety traceability system has not been established. The stage of
research and simulation is presented in the sector, local department and company. At
present, there is a relatively standard of food tracking and traceability technology
which is introduced by the ANCC (Article Numbering Country Centre); but it has not
carried out specific research on a particular aspect of the traceability technology.
During Spring Festival of China in 2010, the two-dimensional bar code has a good
use for security identification.

There has been 80 years since the bar code was invented. With the advance of
technology, development of bar code is maturing and people’s lives are more
convenient. However, there is a separatist party because of the different
characteristics in areas. Currently, bar code has more limited application which is
only used in goods, logistics, library management, medical treatment and so on. Bar
codes are different in different aspects. The same series of information cannot be
shared between each other. The two-dimensional bar code which is emerging in these
years can solve this problem well.

2  Coding of PDF417

As shown in Figure 1, each of PDF417 code includes 3~90 layers and each layer is
composed by Start/End, Left/Right Row Indicator Code words and 1~30 symbol
characters. Each symbol character is consisted of 17 modules, including the four
black bars and four white bars®!. As the number of layers and each symbolic in a
layer is uncertain, the PDF417 can suit different needs.
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Fig.1. The Schematic of PDF417. It contains start symbol and terminator, left and right level
indicator.



As shown in Figure 1, the PDF417 code is composed by a symbol for each
character which has four black bars (The black part in Figure 2, b1~b4) and four
white bars (The white part in Figure 2, s1~s4). From the Start, each bars contains 1~6
modules from left to right. In a symbol character, there are a total of 17 modules in
every bar.
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Fig.2. The schematic of symbol characters. In this chart, it contains a symbol for each character
which has four black bars and four white bars.

The PDF417 symbol set is formed by the three clusters. Each cluster contains 929
PDF417 codeword in different bars. In each cluster, each symbol corresponds to a
unique code word characters which is ranging from 0 to 928.In PDF417, the symbol
characters are used in cluster No.0, No.3 and No.6.PDF417 uses only one cluster on
each layer of the symbol characters . The same clusters have a repeat in every 3
layers. Layer 1 uses the symbol character of the O cluster, Layer 2 uses the symbol
character of the 3 cluster, Layer 3 uses the symbol character of the 6 cluster, and
Layer 4 uses the symbol character of the O cluster, and so on.

The most important process which is taken by the mix of main text is translating
data (character or ASCII) into a symbol in coding with two-dimensional bar code.
The corresponding relationship of data and text mode was stored in a database. Text
code will be obtained through the corresponding to each character from a database.
This text can generate PDF417 code word. The combination formula is C =30 x H +
L(C means code words and H and L means high and low characters in the
corresponding character value respectively)!.

First, the algorithm flow chart of generated codeword is shown in Figure 3.
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Fig.3. The algorithm flow chart of generated codeword.

As shown in Figure 3, it can calculate the required error-correcting code word
according to the generated code and choose error correction level. The error
correction code words generated according to Reed_Solomn algorithm, including the
following three steps ..

First, data polynomial symbol will be established. Its expression is d(x) = dp.1Xn1
+ dpoXno + ...+ diX + do. The coefficients of this polynomial contains a data code word
which has a area code word, including the length of code word symbols, data code
words and filled code words. The alignment of each data code words (d;,i = 0,...n-1)
in the bar code is shown in Table 1.

Table 1. The location diagram of data, row identifier, and error correction code words
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Second, error-correcting code word generating polynomial will be established.
The polynomial with k-generator for the codeword is: g(x) = (x-3) (x-3%)...(x-3%) = x*
+ geaX L+ X+ o

Third, for a given set of data code words and a selected level of error correction,
error correction code words will be generated.

Finally, it arranged in a matrix on which the request was encoded in accordance
with the d,.1, dn_... dg, Cy.1, Cy...C4, Cp order. As shown in Table 1, the d,.;=n means
the number of data code word. The output encoding can be a text file. Each row in the
file corresponds to each line of bar code, and each line is content from Table 1.With
the calculated code word, it will be transformed into the corresponding 01 sequence
for white and black bars through a piece. Such as 41111315, it will be compiled out of
the 11110101111011111.

After completing these three steps, it will query symbol characters by the data
word, Left/Right row indicator, error-correcting code word and each cluster of a line,
and drawing a bar code in accordance with the code symbol character. It can be
modeled on the one-dimensional bar code.

In the design of the traceability of food safety system, the process of encoding is
to convert the readable information to a bar code character which is used to draw, and
then the additional and related information can be added. The process of coding is
shown in Figure 4.
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Fig.4. The flow chart of generating a PDF417 image. There are four statuses in this chart. At
last, a picture could be output.

The original information which contains text, characters, numbers, images and
fingerprints is converted to PDF417 bar code string. The code string is 929 for the
domain of integers. After searching the database, it will be converted into symbol
characters, and finally a two-dimensional bar code graphics will be drawn through the
relevant procedures.

3 Designing of System

There are four design principles of this system: 1, Convenient and practical. The
first principle of this platform design is convenient, simple to operate, and the system
is easy to learn and use, thus it reduces the threshold for using this platform. To some
extent, it avoids a difficult situation when promoting this system by the lack of
technology.2 Science and reliability. The food safety traceability system makes full
use of one-off data from research and market. It could ensured that the information
provide is scientific, reliable to meet the needs of all users.3 Three-dimensional, cross
and completely. The system uses the information dissemination chain with multiple,
three-dimensional and cross.4, High security, high compatibility, easy to maintain and



scalable. It ensures security of data backup and recovery automatically by using

advanced technology. With a cross-platform technology, all the function modules of

this system could be run normally in a variety of operating environment. Thus it could
be easy to maintain and manage in later period, easy to upgrade, expand and improve.

As a widely used system, the system’s designing goals and requirements,
combination of advancement and practicability, and scalability need to be balanced. It
can be considered from the following aspects of the system’s logical designing.

(D Make clear the construction goals and the user’s needs of this system. In fact, the
system can determine the goal of building phases. Only when the goal was
clearly defined, we can determine the content and size of system construction.
And to formulate a reasonable and ordered solution is the key of success or
failure of the system.

@ In the choosing of ‘advanced’ and ‘practicality’, it does not blindly pursue the
advancement in technology. It just tries its best to meet the needs of the user
when the technology can be achieved.

(® Considering scalability. With the development of society, the progress of
information technology and user needs can be changed; the system scalability is
referred to a very high level, which requires the structure of rational planning
system; and it should be set aside the interface with other systems.

Based on the above considerations, the map of the system logic design and

framework is shown in Figure 5.
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Fig.5. The map of system logic design and framework. There are three types of user in this
system which contains administrator, special users and guest

According to Figure 5, the logic design and framework map from the following
three aspects to illustrate.
(O The security and accuracy of core database data. In order to ensure this, the
authority of a person who stored such information into production base, transport



and supermarket is set to only increase data, but cannot modified and deleted the
information. The authority permission is set to place the database on management
who has the highest permission. In order to prevent the invasion of hackers and
viruses, the interface of information input was designed to C/S structure which is
the only way to guarantee data’s security and accuracy.

@ A major function of the system is bar code generation module based on C/S
structure. The appropriate encoding algorithm of PDF417 two-dimensional bar
code was selected in this system. It needs a special note that the PDF417 bar
code’s image should be saved as a picture into database in the background.

(® When PDF417 bar code is identified, there are two types of user groups. One of
them is identified as the typical consumer. The convenience and fast of use is
what they need mostly; so we choose the better algorithm of PDF417 bar code
decoding which reflected in the error correction capability and time. Another type
is identified as the user who has a special need, such as members with
information at all levels and the secession makers in other departments. They
need to draw more information on this PDF417 bar code and develop appropriate
policies and regulations; so these users should require higher accuracy of the
information. If necessary, such users can connect directly to the database.

4  Conclusion

This paper analyzed the current situation of food safety traceability at home and
abroad; and the framework map and logic design of the system was released in this
paper. The traceability of food safety in the promotion of the tracking system will be
restricted by a number of hardware and the narrow use. In future, if the hardware was
more mature, this system can be ported to the portable devices, such as mobile phones,
PDA and other mobile devices. Under the mature 3G network, the consumer is
convenient to use the system.
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