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VOICE SYSTEM FOR REGISTRATION OF GOODS DENOTED BY A BAR-
CODE BASED ON THE SPECTRAL ANALYSIS OF THE HUMAN VO ICE

The computer system for registration of goods dmhbly means of the EAN-13
code is featured in the paper. Operation of thetesysis based on the spectral
analysis of the human voice. Thereby, the systenbean alternative to traditional
systems based on scanning a code by means ofalidaleer scanners.

GLOSOWY SYSTEM EWIDENCJONOWANIA TOWAROW
OZNACZONYCH KODEM KRESKOWYM OPARTY NA ANALIZIE
SPEKTRALNEJ GLOSU LUDZKIEGO

W artykule przedstawiono komputerowy system ewjoleowania towaréw
oznaczonych przy pomocy kodu EAN-13. Dzialaniesystopiera g na analizie
spektralnej gtosu ludzkiego. Rki temu system ten o by alternatywy dla
tradycyjnych systeméw opartych na odczytywaniu kpdyy pomocy skaneréw
diodowych czy laserowych.

1. REGISTRATION OF GOODS AT THE COMPANIES

EAN is an abbreviation for European Article Numb&hese numbers are marked
almost all of the products sold, they form a badecstring 13, or 8 digits. Using a barcode
scanner to be placed on computerized cash registettse case numbers 13-digit, first two
digits indicate the country of origin (manufactyrdor example, Polish and 59 for 40, 41,
42, 43 or 44 for Germany. The next 5 digits me&essame manufacturer, another group of
5 digits is characterized by a specific producte Tdst digit p is a check digit.

This figure we choose so that after multiplying cegsively, starting from the left, the
first twelve digits of 1 or 3, etc., and then sumgup of the products, adding to the result
gave the number of digits @f is divisible by 10. Thus, if the number is a gdad cde
hikmn fg g, thenp should satisfy the following congruence:

a+3b+c+3d+e+3f+g+3h+i+3k+m+3n+p=0(10)

Individual record numbers are encoded by the bde amown in Table 1.
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Tab. 1. Kod EAN

DE(i:Qi]rirtlal Code A Code B Code C
0 0001101 0100111 1110010
1 0011001 0110011 1100110
2 0010011 0011011 1101100
3 0111101 0100001 1000010
4 0100011 0011101 1011100
5 0110001 0111001 1001110
6 0101111 0000101 1010000
7 0111011 0010001 1000100
8 0110111 0001001 1001000
9 0001011 0010111 1110100

Using the above method of check digit, you can gdar@veal errors involving a change
of one digit, and in most cases the switching ob tadjacent digits. Often remain
undetected switching two nonadjacent digits andstimltaneous changes in two digits.

Record the EAN code consists of dark lines of défife thicknesses: a single (1), double
(11), triple (111) and Quad (1111) and differeneimals: single (0), double (00) and triple
(000).

Code start's and end’s with the two extremes (edoed) lines separated by a single
thickness of a single spacing (101). In the midstriting there are two lines separating the
single-thickness and three single spacing (01010).
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6 0 0
1 8 0

Fig.1. Sample code of product

Barcode of the article (Fig. 1) contains a totall8f decimal digits of which 12 are
encoded sequence of 7 binary digits, in the formashes.

2. METHODS OF REPRESENTATION OF THE HUMAN VOICE

The human speech is a basic tool used by a humagofomunication and transfer of
information between humans. This process is so lpog our life that we practically do
not analyse the complexity of the processes ageacwith it. As far as for the humans, the
process of creation, reception and decoding ofdpeea natural process, whereas for the
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electronic devices the process is only an eledtsicaal that is interpreted and processed
by means of the pre-defined algorithms.

The speech signal can be presented by means afusamethods [1]. The standard
representation is the time representation featuwrdk figure no.2.
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Fig.2. Time representation of the speech signal

However, the time representation of the signal dugtstransfer any information about
frequencies in the speech signal. Therefore, theesentation in the frequency domain is a
more often used representation of the speech silirialpossible to change from the time
domain into the frequency domain through the Fautniansform [2] according to the
formula no. 1.

X () = j x(t)e “dt @)
wherex(t)- time domain signal
X(w)- frequency domain signal

The figure no. 3 features representation of a fagy domain speech signal.
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Fig.3. Representation of the frequency domain dpsgmal
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The frequency domain signal transfers many useforimation that can be used for the
analysis but its drawback is that the informatitwwt the signal duration is lost. Thereby,
the frequency domain speech signal cannot be atsdaiith the signal duration.

There is, however, the representation of the spesaphmal that makes it possible to
present the signal in the time, frequency and aoygsi form. Such representation is based
on calculation of the short-term Fourier transfdemtured by the formula no. 2.

STFHx(t, f)} = j x()w(t - 7)e 1 “dt @)
wherew(t) - time window function -

The representation known as the spectrogram isingutathrough squaring the
STFT{x(t,f)}module.

G, f) =[STFT{x¢, f)}’ ®)

The figure no. 4 presents a speech signal speammogsbtained as the result of
application of the formula no. 2 and 3.
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Fig.4. Representation of a speech signal by meatigespectrogram

The spectrogram in the computer screen is a cdlmage featuring the time and
frequency axis, whereas the colours denote theak@mplitude. The spectrogram in this
paper is a bit map, and the voice bar-code scamsystem is based upon comparison of
such map.
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3. VOICE RECOGNITION SYSTEM FOR SCANNING A BAR-CODE

The bar-code scanning system proposed by the auihdrased on comparison of the
collected voice samples and the pre-recorded pattére. so called Speaker-Dependent
analysis [3]. Therefore, it is necessary to coltbet patterns corresponding to the numbers
from 0 to 9 and to transform them into the spectog The figure no. 5 presents
spectrograms of the numbers obtained for a spamgfison (the 37 year old man).

9)

Fig.5. Spectrograms of the numbers from 0 to 9

Such base of spectrograms representing the nunfitmensO to 9 can be used as the
reference pattern. The cross-correlation functesidred by the formula number 4 [4] is
used as a comparison criterion of spectrograms.
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where:f{i, j) — pattern spectrograrfifi, j) — tested spectrogram
f=f -f,f=f -f,ff -average values

The process of scanning and recognition of a bde-dry means of voice is performed
as follows:

» System user logging.

* Reading out consecutive code numbers by a user;

e Transformation of the recorded signals repreagnthe code numbers into the
spectral form;

e Comparison of the scanned spectrogram and therpdbcated in the base for a
specific user by means of the criterion featuredheyformula no. 4;

< Bar-code interpretation;

« Registration of goods denoted by a code.

The block diagram of the voice system for regigtratof goods is presented in the
figure no. 6.
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Fig.6. Block diagram of the voice system for regisbn of goods
4. EXPERIMENTAL TEST RESULTS

In order to verify the efficiency of operation tfet voice bar-code scanning system, the
authors of the paper performed an experimental fegroup of 10 people participated in
the test. The samples of voice signals correspgntiinthe numbers from 0 to 9 were
collected from these people. The samples wereftraned into the spectrograms by means
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of the formula 2 and 3 and recorded into separatabdises. Then, every person read out
consecutive numbers of a bar-code of any produet &igging to the system. The results
of the test are presented in the table number 2

Tab. 2. The results of the test

User 1
Read-out 1 Identification 1 Read-out 2 Identificaton 2
Code 1 5903199200212 | 5903199200212 - -
Code 2 5904172189671 59041189671 904172189671 904172189671
Code 3 9788320434095 | 9788320434095 - -
Code 4 9788373614864 | 9788373614864 - -
Code 5 9040172279612 | 90401722796X 9040172279612 | 9040172279612
User 2
Read-out 1 Identification 1 Read-out 2 Identificaton 2
Code 1 5903199200212 | 59X3199200212 5903199200212 | 5903199200212
Code 2 5904172189671 5904172189671 - -
Code 3 9788320434095 | 9788320434095 - -
Code 4 9788373614864 | 97X8373614864 9788373614864 | 9788373614864
Code 5 9040172279612 | 9040172279612 - -
User 3
Read-out 1 Identification 1 Read-out 2 Identificaton 2
Code 1 5903199200212 | 5903199200212 - -
Code 2 5904172189671 5904172189671 | - -
Code 3 9788320434095 | 97883X04340X 9788320434095 | 9788320434095
Code 4 9788373614864 | 9788373614864 - -
Code 5 9040172279612 | 9040172279612 - -
User 4
Read-out 1 Identification 1 Read-out 2 Identifiont2
Code 1 5903199200212 | 5903199200212 - -
Code 2 5904172189671 5904172189671 | - -
Code 3 9788320434095 | 9788320434095 - -
Code 4 9788373614864 | 9788373614864 - -
Code 5 9040172279612 | 9040172279612 - -

The analysis of the results in the table no. 2 esathe efficiency of the voice bar-code
scanning system based on the spectral analysiso@$e, sometimes it is necessary to read
out a code again but the same problems can occingdscanning by means of the bar-
code scanners.

The efficiency of the first read-out is about 80 fitereby being consistent with the
Speaker-Dependesystem specification. The second read-out is, kiewd 00 % efficient.

It is obvious that the system does not replacaditional system based on optical bar-
code scanners but it can be successfully usedpgorsystem. It can be especially useful
if a bar-code is damaged and it is not possible#al out the code by means of an optical
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scanner. The voice bar-code scanning system cafsbeised at the supported employment
enterprises where the employees can have problémsaetivities involving hands.

5.REFERENCES

[1] Tadeusiewicz R.Sygnat mowyWydawnictwo Komunikacji i hczndci, Warszawa
1988.

[2] Szabatin J.:Podstawy teorii sygnalwWydawnictwo Komunikacji i hczndci,
Warszawa 2000.

[3] Shalk T.:The Desing and Use of Speech Recognition Data Bhsg®nal Bureau of
Standards 1982.

[4] zZielinski T.. Cyfrowe Przetwarzanie SygnatpwVydawnictwo Komunikacji |
taczndici, Warszawa 2005.

[5] Ktaczynski M.: Zjawiska wibroakustyczne w kanale glosowym cziayiBlozprawa
Doktorska, AGH, Krakow 2007.

[6] Janiszewski J.:System analizy i rozpoznawania mowy w oparciu ocgsor
sygnatowy TMS320C671Praca magisterska, Politechniaska 2003.



