Hardware Implementation of an EAN-13 Bar Code Decoder
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Abstract— This paper presents an FPGA hardware imple-
mentation of a bar code decoder using the EAN-13 standard.
The design was implemented on a FPGA situated on an ATMEL Alooooosllog2090

FPLSIC (Field Programmable System Level Integrated Circuit,
AT94K40-25DQC). The design has comparable performance and Fig. 1. An example of an EAN-13 bar code.
is in many ways more robust than commercially available devices.
However, to the authors’ knowledge, these all use a microproces-
sor while our design is purely dedicated hardware.
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|l. INTRODUCTION

Nowadays bar codes are well proliferated in daily life. Sev-
eral ways of encoding information are used. In Europe the
standard is EAN-13, Fig. 1. Bar codes of the EAN-13-type
[2] consist of (1) a starting code (BWH (2) 6 (decimal) dig-
its each encoded as a series of 4 bars (WBWB), (3) a middle
code (WBWBW), (4) anew 6 digits (BWBW) and (5) an end-Fig- 2 The input signal as the reading speed slows down. (scale: 100 ms/div
. ! : . .__on top and 5 ms/div below)
ing code (BWB). If the width of a single bar of the starting
code (1) is taken as unit width then the four bars (each encod-

ing 1 digit, (2) and (4)) are of multiple (1 to 4) unit widths. of light generated by a pen placed on a bar code. After this
An additional digit, further on called the country-digit (7), canpitstream has been filtered the width of the bar in number of
be extracted from the specific encoding of the 6 digits in (2klockperiods and in equivalent number of unit widths is deter-
Hence 13 digits ((2), (4) and (7)) can be recovered. The J@ined. If no unit width is yet present the width of the first bar
digits correspond to a correct bar code if a specific linear con considered to be the new unit width. If the current width
bination of these digits results in zero (mod 10). lies between half and three halves the unit, the bar width is
A harware decoding device for these bar codes, not necegored as the new unit width. Note that every set of 4 bars cor-
sarily read in ideal conditions, is presented in this paper. fbsponding to one digit contains at least one such bar. Thus we
should only recognize genuine bar codes at its input. No othean accomodate varations in reading speed.
inputs may be accepted. The output should be the 13 digitSthe total width of 1 encoded digit is 7 unit widths. The par-

along with several indicator signals. ity (the equivalent total number of unit widths in the white bars
of a digit) of the first digit read permits to find the direction in
which the barcode is read. As can be seen in Fig. 1, although
the outer digits of the barcode are both 0 the encoding (and
A. Flowchart parity) is different. This parity can be obtained after having
A simplified flowchart of the design is shown in Fig. 3. Theread only the first 3 (out of 4) bars so the parity (and direction)

input for our design is a bitstream of logical highs (black) angeeded for decoding a digit is known before decoding itself is

. . A . ‘Started. The parity of each digit in (2) allows to recover the
lows (white) (Fig- 2) normally originating in the reflection country-digit. A final check on the lineair combination men-

1B=black bar, W=white bar tioned before is executed.

Il. THE DESIGN
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Fig. 3. Simplified flowchart.

When a correct bar code is sent into the system, it is retg_uf‘l‘er directly after the ending code is read. Furthermore the

. - . . . . ~Par code can be read at different speeds. The total length of
ognized and a recognition signal is set to high. The 13 d|g|§, bar code is variable, but a commc?n length is about 3 1g4 cm
of the bar code are then present in the buffer of the FPGA al ﬂnit width = 330;m) 'With our choice of data types im.ple—
acces_S|bIe fo.r other devices Ilkge.g. aPCoradisplay. NOW. Rentation and clock frequency we can handle reading speeds
pther input will be accepted untllla pulse appears on a .Speuﬁ(]étween 3.8 cm/s and 126 cm/s (i.e. between 25 and 836 ms
input of the system. Any other bitstream will cause |nd|cator{50 read the total bar code), which is very well comparable to
to reveal why the input is not accepted as a bar code. In thé%mmercially available war;ds e.q. [3]
E:ieb;hfezgfiznls S\rl:]tgmatlcally reset. Of course the Sys’temAnother feature is that reading speed variations of 5% over

y ' a distance corresponding to one unit width can be allowed, as
long as the min. and max. velocity are not exceeded. (Fig. 2)

B. Strategy and implementation Even when a poor quality bar code is scanned at constant speed

A top-down strategy was used and the design was chosg]‘?re may be a kind of uncertainty in respect to the exact transi-

to be completely synchronous. Careful separation of the cof@nS between black and white regions. Our design can handle

module (effective decoding part of the design) and the applicHl'S and the ratio of two neighboring bars of unit width can be

tion specific 10-interface module allows the core module to peP o 3/2. A bar of width 4 units can be seen as 4 consecutive

placed in a cell library, so it can be reused with other input anl&""rS of the same color. FO”OW‘”9 a un.it width bar (worst case)
output possibilities. each one of these may be 1.13 times its predecessor.

After defining a high-level behavioral description in the Furthermore in poor quality bar codes white (black) dots
hardware description language VHDL the system was partrir_1ay be present in a black (white) bar. The decoder should
tioned. This was carried out with attention to logical coherendd®t €valuate these dots as real bars and therefore they are sup-
and with a focus on minimal and easy interconnection betwe@‘iessed by a Iow-pass-ﬂlter..TabIe I givesan idea of the dotqze
the resulting parts. In every step of the optimization, the syr]ibat can be allowed a_t the different reading-speeds. Th_ese fig-
thesis outcome of the individual parts (done with Synopsy res Wlll only be achieved when the dot follows a region of
was examined to find out where further optimization could b&@PI€ input of at least 250s.
achieved. The VHDL program lines were adapted accordingly

to obtain the goal of minimum used silicon area. Due to the IV. SUMMARY AND CONCLUSION
care taken in the partitioning part of the design the entire de-
sign also sufficiently met this goal. In this paper, we presented a hardware implementation of

Also, the needed amount of memory is reduced as only tl@ EAN-13 bar code decoder on an FPGA. During the design,
width of the last bar (in clock cycles) has to be stored. Almositeps for minimizing silicon area were taken. Not so very com-
all commercial decoders start decoding after the total bar cod®n features were obtained and the calculations during the de-
is read needing memory for the widths of all the bars. Quite sign process matched the measurements. Besides the fact that
design effort was spent on finding a correct way for decodintdpis is a purely hardware implementation, compared to com-
on-the-fly, in which finding a genuine start code in a randormercially available decoders, our approach is unique in that
series of black and white bars is the greatest challenge. the decoding is done on-the-fly. This allows the early detec-

The final synthesis and routing of the FPGA on the FPSLI@on of faulty codes and immediate responsiveness to reading a
(ATMEL AT94K40-25DQC [1]) used 287 equivalent gates andorrect code after a faulty one.

763 LUTSs (4 inputs). A 4 MHz clock was used, providing the
necessary time base to measure bar widths.
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