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ABSTRACT

In this paper we propose a simple method for geimgratandard type linear barcodes from facial iesagrhe
method uses the difference in gradients of imagghbress. It involves averaging the gradients entimited
number of intervals, quantization of the resulttoithe range of decimal numbers from 0 to 9, araeta
conversion into the final barcode. The proposedtsni is computationally low-cost and does not iexjthe
use of any specialized image processing softwanihamakes it possible to generate facial barcauesobile
systems. Results of tests conducted on the Facat®bake and a database of composite faces akdiffeges
show that the proposed method is a new solutioruger in real-world practice. It ensures the stigbiif the
generated barcodes against changes of scale, pdsamieroring of facial images, as well as changkfaoial
expressions and shadows on faces from local lightin
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1. INTRODUCTION a "fashionable tattoo", but also applied in person

Barcoding technologies for various goods, payment identification. However, it is almost impossible to

bills and financial documents, advertisements and gnaglr:je theh pror?ess ofh%zrson |gentn;|cak1]tlon by
services have widely and irrevocably entered our P@rcodes when they are hidden under clothes or on

everyday lives. The first application of standard inaccessible body parts. The ideal solution cowd b

barcodes for person identification was suggested inb""rCOd,e g(?neratmn In r_eal time ahnd directly from a
the patent [Pat99] in 1999. There it was assumatl th PErson's face or voice. In this case person

the identification of the person is performed at th ?dentificati_on can be performed at a di_stance,
moment of her/his electronic payments, that is, in imperceptibly for the person, without demanding any

real time, and the unique barcode, which is primed ~ 2Ction frokr)n éhe person or any barcode printed @n th
her/his hand, is read by means of a special deviceP€SONS body.

However, the practice of person identification gsin Assuming that such a solution exists in principe
barcodes was not developed further, although resulting method may be used to encode faces or
biometric standards were accepted to representyoices of people [Matl2, Forl2] in the form of
people by means of anthropometrics, and biometric barcodes. These barcodes can be used in many
identification methods already exceed the abilibés different areas such as biometric systems, access
people. Nevertheless, a barcode printed on the huma control (AC) systems, video surveillance systems,
body is already advertised today as a fashionablecontent-based video retrieval systems, etc. Ofwthoe
tattoo [Bar00]. In barcodes [Bar00] placed on the approaches based on voices or faces of people
human body, there is no information about any [Mat12, For12], we will develop the latter one base
biometric characteristics of the person. But we canon new solutions presented in [For12]. However,

say for sure that when the barcode on a person'sthere are some problems in generating facial
body can represent the person in a way similar to parcodes.

biometric features, it will be widely used not orag .
One of the unsolved problems of today’s practice in

facial biometrics is the variability of real-world
facial images (illumination and pose variationgjdh

fee provided that copies are not made or distribtice e_xprtle.?smns, etc.)d S.c;.lvm.g this dprpblem Worl]“d
profit or commercial advantage and that copies tear| S'MPIITy person identification and improve the

notice and the full citation on the first page. Topy perforl”r_]{:lnce and religbility of  corresponding
otherwise, or republish, to post on servers or [to recognition systems, since barcode readers and

redistribute to lists, requires prior specific pesion decoders have been effectively used in various
and/or a fee. practical applications for a long time. That is why
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there has been continuing interest in the problém o descriptors, and creating a two-dimensional color
stable facial barcode generation, starting from the barcodeHCC2D. TheHCC2D barcode combines the
moment of the appearance of first computer systemsadvantages of two-dimensional codes HCCB (High
recognizing people by their faces. Capacity Color Barcode) and QR (Quick Response),
but differs from them in high capacity (data deysit

In this paper we propose an approach to presenting|_|owever the algorithm for generatingiCC2D

facial images in the form of linear EAN-8, EAN-13 barcodes, proposed in [Quel3], is unlikely to be

or UPS barcodes [UPS14]. implemented in the near future in mobile systems on
2. BRIEF OVERVIEW OF EXISTING tablets and smartphones. This conclusion about

HCC2D barcodes is based on its use of SIFT (Scale
APPROACHES Invariant Feature Transform) and SURF (Speeded

Ten years after the publication of the patent [Blat9 Up Robust Features) procedures.

authors of [Dan09] noted that facial identity is
largely conveyed by horizontal image structurehsuc The concept of a "biological code" uses the alpanit

as eyebrows, eyes and lips lines. They showed thafor comparing two facial images presented in
this information can be successfully represented in[Hit13]. The idea of the algorithm is explainedFiy.

the form of a set of binary strips or a so called 2. Here we at first calculate brightness gradients
“piological barcode”. Furthermore, they explored between two specularly located bands which
some invariant features of people’s facial "biot@di ~ synchronously slide along a facial image from top t
barcodes". An example of face representation in thebottom, as shown in Fig. 2 a). Then we calculage th
form of a "biological barcode" described in [Dak09] differences between the current and mean values of
is shown in Fig. 1: a) the original facial imagg; b the gradients, and these differences are encoded. |
horizontal information contained in the facial ireag  this case, the values of the differences equal and
c) the «biological barcode" of the human face;hd) t below zero are coded as "0", and above zero as "1",
resulting linear barcode [Fac09]. i.e. we generate a binary code representing alfacia
image that is similar to a "biological code" [Dak09
These results are shown in Fig. 2: b) shows the
current values of the gradients and their meaneyalu
c) shows “biological barcodes” for each source
image.

The disadvantage of the approach [Hitl3] is its
o ’ - inability to generate the same binary code fordhaci
Figure 1. Representation of a human face inthe ~ images of the same person in cases when facial

form of a “biological barcode” images are slightly different. These differencesldo
) be insignificant (but visible to the eye) variatsoim
However, as noted in [UPS14] and further jjymination, scale and pose of facial images, dhci
publications by these authors, they do not defie t  expressions, etc. This disadvantage makes it
algorithm for generating such barcodes, but nat th jmpossible to use the method in case of variation i

remaining a precise "biological barcode" of a fase, _ o o _

a very rough approximation of the specific person's Assessing the situation as a whole, it is possible
face, which, for example, can be seen in Fig. dra) note that presentation of facn’_all images in the fofm

¢). The inaccuracy of this approximation is du¢hie ~ Such binary codes as described above can only be
morphology of a person’s face: the boundaries ef th useful for the classification task of finding the

hair/forehead, the lines of eyebrows, eyes, nastril generalized class of "facial images of people” agnon
and lips are difficult to define, and even more Other classes of images which do not include faces,

difficult to describe by thick strait strips. @S emphasized by the authors of [Dak09]. That is
Representing a person's face requires a strucfure owhy in this paper we propose an approach to
thinner and multiple lines, and a corresponding fepresenting human faces in the form of standard
barcode would appear as shown in Fig. 1 d). linear barcodes, developing the ideas of [Hit13].

Five years later, the most serious practical resear 3. AN ALGORITHM FOR BARCODE
on the problem of the representation of faces @ th GENERATION
form of barcodes was published [Quel3]. The The generalized structure of the system for facial

authors of this paper proposed an algorithm for parcode generation consists of four main blocks: 1
barcode generation based on searching for specific

(key) points on a face, describing local featuréth w
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image preprocessor; 2 — feature extractor; 3 -ufeat image with a stegS > 1. They slide only in the
coder; 4 — barcode generator. vertical direction from top to bottom and at eatdps

t we calculate the distancd(t) between the sub-
images in the sliding windows. These distances are
the required differences in gradients.

Let us consider the use of facial barcodes in AC
systems. In this case a person facing the camera i
cooperative and tries to fulfill the conditions to
ensure the stability of shooting. These conditiarss  The sliding of the windows starts at the
necessary for generating a stable barcode, eslyecial "hair/forehead" boundary, and ends at the lower
in mobile systems. However, in real-life scenaitos boundary of the nose. Thus the difference in
is difficult to meet these conditions, thereforeist  gradients converted into distances emphasizes the
necessary to allow for some changes in facial image drops in brightness on the boundary of the
Often in the AC systems based on the ideas ofhair/forehead, the line of eyebrows, the line oéy
bimodal systems the input data are not only fdmels, and the lines of the nose/lips, that is, on thediof
also voices [Mat12]. In this case, the human facial the "biological code" of the facial image. The
expression changes when pronouncing somecalculated values of distances represent the iattegr
passwords, a given phrase or a given conversationcharacteristics of the least changeable part ofabe
Some examples of such changes are shown in Fig. 3in case of noticeable changes of facial image
where all images are from the database Face94parameters.

[Faco4]. The idea of the method of gradient difference
Based on the above, two major problems can becalculation and encoding using a sliding window is
solved in block 1 (preprocessing of the original jllustrated in Fig. 4, whera) showsthe image with
image). The first is the analysis of the parametérs  the initial position of the two rectangular windoy

the source image: the size, color and the deviation- window height):b) shows the same image with the
from the horizontal line of the eyes. The second on final position of the two rectangu|ar Windows)

is rotation of the image plane depending on the shows the diagram representing the distance values
results of the analysis, the adjustment of image si d(t) between the corresponding areas of images

and correction of its brightness. Solutions to éhes “covered by the windows" depending on the number
two tasks can be found in [Hit13]. Feature ext@tti  of steps =1, 2... T.

is implemented in block 2 using the difference in o ) ) )
gradients of image brightness. Let the original image have the size MkN pixels.

Let us transform the image to an EAN-8 barcode. In
At step 3 we perform the most important task, the initial position, the two windows) and D,
namely the coding of features, in order to represen consisting ofH rows each, are arranged specularly
them as the required number of decimal digits. This relative to the current valugson the axisY. In total

problem is solved by averaging the difference in we haveT = LA sliding steps, whert is the code
gradients of brightness on a limited number of |ength andA is the smoothing module.

intervals, and the quantization of the result ie th ) )
range of decimal numbers from 0 to 9. For generating a barcode in the EAN-8 format, the

parametell = 7. The parametek > 8, in general, is

The task of step 4 in this case becomes trivialblet  chosen from the condition of boundary termination:
conversion of the results of step 3. Barcode

generation also includes checksum computation for T=LA <(M-H). 1)
the decimal code created at step 3, and theThe value off should be approximately on the lower

conversion of this code into a binary matrix porder of the nose area (or, in some cases, between
representing the source facial image in the graphicthe nose and lips), which will exclude from

form of a barcode of a standard type. consideration the lower part of the face and thus
The proposed approach makes it possible to generat&liminate the influence of emotions on the stapitit
linear barcodes from facial images in the EAN-g barcode generation.

format and can be used to generate linear bardndes op, the other hand, if the value of
EAN-13 and UPS formats [UPS14].

T>M-H), (2)
4. GENERATING FACIAL then it will be necessary to increase the sizehef t
BARCODES input image, in order to meet the condition (1).

The initial extraction of features from the origina Increasing the size is performed in block 1, at the
image is based on calculating the difference of stage of image size correction, as described above.
brightness gradients in two specularly located

windows with the height & 1 pixels and the width
equal to the width of the original image. The
windows synchronously move (slide) along the facia

Each subsequent (current for= 1, 2, 3, ...,T)
position of the axis between the windowg), D(t)
| is selected from the condition:
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Figure 4. Explanation of the idea of the method ofradients
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(H+S(t-1)) <t< (M —-H), 3) An example of the result of test 1 is shown in Fg.
whereSis a sliding step. Here a) and b) are two facial images of the same
) ) class. Columrc contains phase correlation between
Now we define the distancel(t) between the the corresponding distance vectors (we see almost
windows: 100% similarity). Correlation was intentionally
— - introduced into test 1 as an additional verificatio
d(® =10 -DO i U L2.1 @ tool. Despite the different facial expressions both

The result of (4) is shown in Fig.c}. This resultis  faces have the same barcode @@e
the input from block 2 to block 3 where the

normalization and coding of the values of a distanc
vector are carried out.

Fig. 7 demonstrates the results of generating
barcodes for facial images with different facial
expressions. From the results of test 1 we can

The idea of this part of the algorithm is showrFig. conclude that facial expression changes, as well as
5, wherea) shows the normalized distance values and changes in the eyes (open or closed), do not infleie
their thresholding over averaging intervals b) the generation of barcodes.

shows the representation of the result of threshgld

in the form of a 7-digit barcode. Test 2

] ) ) The purpose of test 2 was to test the stability of
In block 3 the following operations are implemented 5,code generation in case of changes in the
elements of vectad are normalized on maX( brightness of test images. The parameters of test 2
d(t) =d(t)/max(d), t=1...T. (®) were the same as the parameters of test 1. However,
in contrast to test 1, the brightness of the testges
ranged from 140% to 60% relative to the brightness
of the original images in the database Face94
oA [Fac94]. The results of test 2 are shown in Tabli 1
d(I): f[sca eZd(A(I ) +j)], 1=1,2,...L,(6) may be npted that _vv_h_en brlghtness changed by +
A = 20% relative to the initial brightness the resulisw
quite stable; however, when brightness changed by
+40% relative to the initial brightness the numbér
identical pairs of barcodes increased almost bfy hal

The results obtained in (5) are averaged within the
interval A and quantized in the range of decimal
digits from 0 b 9 using the scaling factscale:

where:f [-] is the nearest integer value (removing the
remainder);scale is a scale factor, 9 scale< 10,
which is not an integer.

The result (6) is shown in Figh5This result from Test3 -
block 3 goes to block 4 where the final 8-digit The purpose of test 3 was to check the stability of
barcode is generated. The 8th digit is the checksumdenerated barcodes in case of mirror reflectiothef
for the first 7 digits from block 4. An example thie original image and in case of scale, pose and Ifacia

final barcode is shown in Figc5s expression variations and the presence of shadows o
facial images from local lighting. In test 3, in
5. EXPERIMENTS addition to test 1, facial images of each classnff2

The proposed method for generating barcodes forto 11) were flipped along the vertical axis. Other
facial images was tested on a database of photogparameters were the same as the parameters in the
Faces94 [Fac94] and a database of composite faces @aest 1. The test showed that the barcode remains
different ages. stable in case of flipping the facial image alohg t
Test 1 vertical axis, changes in facial expressions ambey

The first 100 classes with 11 images in each classThe resulting barcodes are shown in Fig. 8. As we
were used for generating EAN-8 barcodes. We usedcan see the barcode remains stable in case of
112x92 pixel images in the GRAY format. We mirroring the facial image along the vertical axis,
generated barcodes for the first images from eachchanges in facial expressions and eyes.

class with the following coding parametetd=23 Test 4

(width of sliding bands)S=1 (step of sliding)T=56 The aim of the test was to check the robustnes#iseof

(feature vector length)L=7 (code length);A=8 . X

(module for averaging)scale=9.5. For the other ten generateg bargodes to aging of facfes. The expetrimen
ey : as conducted on 38 composite faces, representing

faces of each class we generated barcodes with th%\vge changes in humans [Mic95] from 20-24 up to 61-

same coding parameters. Moreover, we did not64 f The followi di t
perform any preprocessing of the test images tel lev Wer)(/ael?;do' age. The loflowing encoding parameters

the eyes' positions and normalize the scale offaci
anthropometric characteristics. As a result of figst  {H =22;L = 7;A=7;T = 49;scale= 9.7+ 9.9}, (7)
about 70% of barcodes for faces of the same class

matched.
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Figure 6. Results of generating facial barcodes based on tigeadient method
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Figure 7. Results for images with different facial expressios
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Test
Image

2 3 4 - 5 6 7 8
(Al
d Tk £ £ 2 "3

Intensity % 130 | 120 | 110 | 100 90

# of pairs| 487 584 639 744 775 746 699 560 385
Table 1. Results of Test 2

Class/nurber = 341 Class/number = 34/9 Mirrar Syrmmetry Classinumber = 3410 Mirror Symimelry

78878990 78878990 78878990 7688789530 78878980

JANEYOATE RO R N O R

Figure 8. Example of results for facial images with mirror synmetry

a b c d
Face1 Face 38

Barcode EAM-8

S8 6°5GTE

Ko

Young - 24 years 61 wyears old

Figure 9. Barcodes for face aging
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and the parametercalecould have any value in the 8 REFERENCES
indicated interval. It can be noted that for facds  [Bar00] Barcode / Tattoos:

diffe:ent ageh we go';:.thea)sarr:jeb)barc?des. fThehfinaI http://www.barcodeart.com/store/wearable/tattoos

results are shown in Fig. 8) andb) are faces for the . i o i

ages 20-24 and 60-64 years; shows the phase [DakO;)] ?a.‘k'u’ S.C.,fWatt, ?‘J B'ﬁ'?%}?a.‘l bgr

correlation change and the similarity index [Dos11] KIO 843 In 1ur1ngn25;1(<):9es. ournal ot vision 3,

for the whole range of image changes (face ages), 0.4 Pp. 1-18, :

andd) is the corresponding barcode. [Dos11] Dosselmann, R.; Yang, X. D.: A
comprehensive assessment of the structural

This experiment shows that in the framework of similzrityindex SIViP 5. No. 5. pp. 81-91, 2011

difference in gradients, the barcode remains ' T ’ '

unchanged in case of face aging modeling. [Fac94] Face94 data base:
http://cswww.essex.ac.uk/mv/allfaces/faces94.ht
6. CONCLUSION mi

The paper discussed the problem of generatingrlinea [Fac09] Facial Barcodes Help Us Identify People:
EAN-8 barcodes for facial images. We provided the http:/Avww.barcodesinc.com/news/?p=92

history of the problem and the known approaches. .

The proposed method of generating standard typelFOr12] Forczmanski, P.; Kukharev, G.;

linear barcodes from facial images is based on the Shchegoleva, N.: An algorithm of face

use of the difference in gradients of image brigbm recognition under difficult lighting conditions.

It involves averaging the gradients on a limited  Electrical Review, No. 10b, pp. 201-204, 2012.
number of intervals, quantization of the resultsha [Hit13] Methods of facial images processing and
range of decimal numbers from O to 9, and table  recognition in biometrics. In: Hitrov, M.V. (ed.).
conversion into the final barcode. Politechnika, Saint Petersburg, 2013 (in Russian).

The proposed solution is computationally low-cost [Mat12] Matveev, Yu.N.: Technologies of Biometric
and does not require the use of specialized softwar  Identification of a Person by Voice and Other
for image processing, which makes it possible to  Modalities. Vestnik MGTU. Priborostroenie,
generate facial barcodes in mobile systems. Tests Special Issue “Biometric Technologies” No. 3,
were performed on the Faces94 database and a Pp.46-61, 2012 (in Russian).

database of composite faces at different ages. Tesfmico5] Burt, M. D.; Perrettp. I.: Perception of Age
results showed that the proposed method is a new iy Adult Caucasian Male Faces: Computer
solution for use in the real-world practice. It eres Graphic Manipulation of Shape and Colour. Proc.
the stability of generated barcodes in case ofamirr R. Soc. Lond. 259, No. 1355. pp. 137-143, 1995.
reflection of the original image and in case oflsca

pose and facial expression variations and the [Pat99] Patent 5878155A, 1999.
presence of shadows on facial images from local [Quel3] Querinini, M.; Italiano, G.F.: Facial
lighting. recognition with 2D color barcodes. International

. . Journal of Computer Science and Application 10,
Furthermore, the method is based on generating a Noul op 78_97pu2013 ! ppicat

standard barcode directly from the facial imageal an )
thus contains the subjective information about a [UPS14] UPC/EAN Barcode FAQ & Tutorial:
person's face. http://www.idautomation.com/barcode-fag/upc-

ean/
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