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1. Introduction

The conterporary technological level adnitsthat thevisual images read inthe computer
by aTV cameraor anoptical scanner store inthememoryeven theslightestdetailsof the
gotical imege.

In fact the imagewhich isencoded inthe memory of the computer can cortaineven
more information than the same optical imagewhich is projected on the retinacf the
human eye. Nevertheless the optical systemof the mammals solves extremely camplex
classificationproblemswhich are inaccessible by the cortemporary computer technigue.
A lot of the visual information preprocessing which takes place inthe retina is
camparativelyvell studied.

Thismakes possible theappl ication of sore model s for these processes inthe real
‘tednical systems for imege processing-

Itisvell knon[1, 2, 3] that the image preprocessing inthe neural envirommentof
theeye’s retinaisperformedby the socal led receptive fields (RF) - Thegereralizationof
the data from the neurophysiological experiments onsuchRF has lead tothe conclusion
that twoof their basic functions are the filtrationof the imegewhich is projectedon the
retinaand thedetection of zones inwhich the brightness dhanges. Those twopropertiesof
theRF canbe describedwith agreat degree of corformity by VG-fi lters [3] and they can
be included inamodel constructed by anartificial NNwhich resenbles to soreextent the
organizationof thegagliauscelIsintheretina[1].-

The presentpaper dealswith the fol lovingquestions:

1. Preprocessingofvisual imegesbyaV2G-filter.

2. Constructionofanartificial neural networkwhich solves the problems postullated
inpointl.

3. Recognirtion feature construction rulesbased onthe NN-processed visual informa-
tion(inpoint2).

*This paper is partial ly supported by the BulgarianNational Science Foundation, Grant 1-524/95.
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The described method can be applied for non-standard font preprocessing (cyrillic
and latin)which isdifferent intype andsize includingahandwrittentextwithblockand
cpital letters.

2. Theoretical background of the method

As itwasmerttioned earl ier the neurophysiol ogical and psychophysical investigationsof
the initial partofthevisual dannel andespecial ly the preprocessing of the information
frantheRFofthe retinamay be descrribed by the operator VZG [3] .. Thisal lows to consider
indetai Is itsfeatureswiththe fol lovingdesignation list:

V2-Laplace operator which in the two-dimensional case is of the type
3%/0x+ /0y and the symbol G designates the Gauss”s two-dimensional distribution:

X2+ )S
o) couy=ep (-———-).
2nc

Theparticipation ofthe Causs”s function G in the operator for image preprocessing
(O1P) V2Gmakes the image fuzzy in itsspace domain. This leads toaneffectivedeletion
ofall of the space structures in the imagewhichbelong tosare level of 1tsbrightness less
thanthe level determined by the space constant of the Gauss”s function. It iswell known
that inthefrequency space this isafi lter for the lovfrequencies. Bvidently itisnotatall
by accident that the informatiion preprocessing by the retinaRFuses i lters thatare very
closetotheG-filters. Thepreference of the nature for this type of fi Itersmaybe explained
wirth the smoothness andwirth the “‘good’” local izattion of the functionGnotonly inthe two-
dimensional spacedarainbutalso inthe frequencydamain. Those features of the function
Gwhicharevalid inthe both of 1ts domains al lowa space Ti Itrationwith the minimum
possiblenoiseadditionby thevery filteringproosss.

The usage of the Laplacianne (V?) inthe OIPpermits thisoperator todiscover the
changes in the image brightness of those scaled levelswhich are an output fron the
filtrationwiththe functionG. One of themost Inportarntpropertiesof V2 is its isotropy
which inthe neurophysiological structure of the retina isaconsequence of the very form
oftheRF.

Asawhole theOIP in the frequency domain isakindof aband filterwhich performs
aselectionofthe imagebrightness. This is theway toeliminate the constarnt components
of the image the background of which being most oftenlly one of them.

Inthe image space domain the Fi ltrationwith the function Gmay bedefinedwith the
convollutionG+B(X, Y) , where B(X,y) isthebrightness function. Then the image processing
with the OIP may bewritten in the fol loving way:

@ FCLY)=VZLGCG, B, Y) ] -
Thisformofthe gperator isunsuitablefor practical realizations, sothat itnmustbe
rationalized . \\e consider the expressionwith itsdetai led transcription:

® Foa)=v2) (B .y 60Xt y—y™y o oy =

—00 — o0

=[ [BGx" y™) VB (x- X" y—y"y ax* " -

—00 — o0

BEvidently (3) can bewritten inthe fol loving compact form:
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@ FOGY)=BOGY)* [V2G(,Y)1-

In thisequation the expression insquare brackets is the OIP thus al lowing the
operator tobe goplieddirectly forthe image processing, not the sequential gopl icationof
the G-filteringand the Laplace operator . The formof theOIP in (4) al loas this operator
tobe treatedas a Filter and in thisway the image processing problem can be treated
simultaneously inthevisual image spaceand intheir spectral space

Onemust bear inmind that the method describes just a share fromthe visual
informattionprocessing functionsof theretinaRF.

3. Description of the NN for visual 1mage preprocessing

The visual image which is loaded froma TV camera or froman optical scanner may
be described by the two-dimensional image brightness function 1(X,y) - Thisfunctionisan
input of aNN of the type shown inFig- 1. The informationwhichis included in 1(x,y) is
paral lel ly sentto theelements that imitate theretinaRF. ThoseRFformamosaic structure
whichmay be pledged in the inputmatrices Aand Bof theRF (Fig- 2). For example in
Fig. 1we have amosaic of 5 RFs where RF3 can be treated as the central RF. Then the
matricesAandB will beequal to: A =[al ], B,=[ b} Jwherei=1,2,...,5;a axdb] —the
corresponding matrix elements. The mformation on the output of each RF could be
compared to some extentwith the information passing through aseparate fibre of the
optical nene trananitting the retinapreprocessed information tonards the gptical zones
inthebrain. IntheNNthis information scaled with the weight coefficientsc ; and
c, (5L, ..., 5) isaninputfortheneural elements NELLandNE2L inFig. 1withthe logistic
functions of the sare type as iInFig. 3,Awiththeajustable thresholds t, andt, . As itis
evidentfronFig. 1 NE11 reacts to the bright fragrents inthe visual 1mage and NE21 -
to the dark fragments respectively. InthiswayNE11 andNE21 reserble one of the basic
functions of the canplex ON and OFF neurons inthe optical zones inthe brain [1, 2] .

The last neuronNEO2 unites the processed information fronNEL1 and NE21 which
ismultipliedby thecoefficientsc, adc,. Inthisvay itanpletesthefilteringwhichis
accomplishedwith the operator VaG:

(@) BOGY)=F(X.Y),
where F(X,Y) isdefined by theequation (4) . The logistic function of NEO2 isgiven in
Fig.3,B.

AnyRF inthe \Nmay be schematiical ly representedwith Fig. 2 fronwhich it isclear
that the output of the field consists of twomutual ly antagonistic channels ONand OF-.
The one channel (ON) responds to bright fragments of the image and the other channel
(OFF)—to the dark fragments. This complex reaction of the RFmakes 1t conparatively
universal inthe informattion processing because such fieldhas an““gpinion’” about thebasic
levelsof trebrightness functionB(Xx, y) which isgpplied to its input. InFig. 2the ON-ouput
isdesignated with the symbolo , and the OFF-output —with the symbol e .

4_ Forming of features for recognition

After thevisual image processingwith the aperator V3G the symbols for recognirtion
may be submitted toan additional (secondary) processingso as to formthe recognition
Teatures[4].

Suchasystemoffeatureswhich includes the structural propertiesof thesynbolswill
ke
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1) the nurber of the horizontal crossings,

2) thenunber of thevertical crossings,

3) thenunber of the left-sidediagonal crossings,

4) thenunber of the right-sidediagonal crossings,

5) the number of the upper-side concave arcs,

6) the number of the loner-side concave arcs,

7) thenurber of the left-side concave arcs,

8) thenunber of the right—side concave arcs.

The acoepted recognitionfeaturesare illustrated inFig. 5and inFig. 6. Fig. 4A, B
depictsthe letter "X’ : before the preprocessingwi th the cperator VG InFig. 4Aandafter

itinFig. 4B. Fig. Sexplains the first four featuresof the letter "X’ andFig. 6 i11lustrates
the features franthe Sthup to the 8th for thesane letter.

5. Concllusion

Thedescribedmethod inthispaperal loas the isotropicvisual imegeprocessing by the VZG-
operator . The simultaneous space Ti ltrationand the border separationof the image have
greatadvarnitages incamparison justwith the gradient methods for the border separation.

The suggested NN reflects the ideas of thismethod. I'tcan berealized notonly by
software butalsoby hardware.
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[IpenBapuTebHad epepadoTKka BMU3yaJlbHEX M300pakeH,
MCIIOJNIb3Y S HEVPOHHEE CETHU

BaJjiepyu MmueB, BnaTosnuiig nyeBa, CTegaH KorHOB

UHCTUTYT MHPOPMALIMOHHEIX TexHoJormit, 1113 Copus

(PesmoMe)

B paboTe onmcaH MeToI] ITepepadoTKM BU3YaJIbHEIX MB00PaXeHMM TPV IIOMOLIM OBy —
IMEHCUOHHOT'O M30TPONMYECKOTo onepaTopa Jlannaca V26 dmsrpa Tayca G.

[TpenyIoXeHHBED MeTOIT G1IIb TPal M300PaKEHN S UCIIONB 3YyeTCS [PV ITIOCTPOEHM
HEMPOHHEIX CETEM, KOTOPHE peaJM3MpPyoT [1epepaboTKy .
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