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MpM NOCTPOEHUM aBTOMATU3UPOBAHHBLIX CWUCTEM YNpPaBMEHUST YacTo BO3HMKAeT npobrnema
BblOENEHUS 3HAYUMbIX NapaMeTpoB M3 OOLLEro NoToka MHopMaumm, NOCTYNalLEero Ha BXOLA CUCTEMbI.
AnropuTM COOTBETCTBYIOLLLEro Npeobpa3oBaHNa BXOOHOW UHpOpMaLIMM He BCeraa ov4eBuaeH, a uHoraa ero
NMOCTPOEHME MOXET NPeACTaBNsATb OonbluMe TPYAHOCTU — HamnpuMmep, ecnu BXOAHble AaHHble cnabo
CTPYKTYPUPOBaHbI, CTaHAAPTHbIE U TEOPETUYECKN OOOCHOBaHHbLIE METOAbl OTCYTCTBYKOT WM MPUBOAST K
HeoCTaTOYHO A(P(PEKTMBHBIM anropuTMam.

OOHUM 13 BbIXOAOB B 3TOW CUTYyaLUM MOXET ObiTb MPUMEHEHNE 3BOSIOLMOHHbBIX anropuTMOB Ans
HaxoxaeHust Tpebyemoro npeobpasoBaHus. Bc€ MHOXeECTBO MOTeHUuanbHO BO3MOXHbIX Mpeobpa3oBaHun
X = {X1, Xz, ..., Xy} paccmaTpvBaeTCa Kak MNpOCTPaHCTBO Moucka. Kaxagomy npeobpasoBaHuio X;
npunucbiBaeTcs nokasaTtenb kadectBa F(X), OTpaxalowmi CTeneHb €ero nNpUrogHoCTVM ANs pelueHus
nocTaBrneHHon 3agadn. Takmm o06pas3om, 3agada CcuHTe3a Mnpeobpas3oBaHus CBOAWUTCS K 3ajadve
onTuMmMsaumm ueneson yHKUuK F Ha npocTpaHcTee X.

[na pelweHna onucaHHOW OMTUMM3ALMOHHOM 3aayn LenecoobpasHO NPUMEHSITb reHeTUu4eckme
anropuTMbl, OCHOBHOWN MAEEN KOTOPLIX SBASETCA MMUTALMS 3BOSIIOLMOHHBLIX NMPOLECCOB B XUBOW NpupoJe.
Mpn aTOoM kaxgoe peweHve (B Hawem cnydae — Kaxaoe npeobpasoBaHue) X; OOHO3HAYHO
npeacTaBnsieTcs HabopOM 3NEMEHTAPHbIX KONMYECTBEHHbIX Mokasatenen (reHoB): Xi = (Xit, Xz, «--y Xim)-
Hap cnydaliHo BbIGpaHHBIM MCXOOHBIM MHOXECTBOM (nonynsiuven) peweHuin (ocoben) B onpegenéHHom
nopsigke MpoBOOATCS onepauun CKpeluMBaHud, myTaumm n otbopa. B pesynbtate MOXeT OblTb HamgeHa
nyywasi ocodb, NpeacTaBnsaoLLasi codon NpUbNMKEHHOE pelleHe ONTUMMU3aLMOHHOM 3a4aun.

OcCHOBHblE MpeumyLLecTBa FeHeTUYEeCKUX anroputMoB nepen TPaauUMOHHBIMW TFPagUEHTHbIMM
MeTogamMu moucka u metogamm nepebopa COCTOAT B TOM, YTO, B OTnM4YMe OT MepBbiX, He TpebyeTcs
NIMHEMHOCTU MNpPOCTPAHCTBa MOUCKA; B OTNMYME OT BTOPbIX, KONMYECTBO BbIYUCIIEHUN, KaK MpaBuIlo,
ropasgo Medblle. Kpome TOro, He TpebyeTcs anpuopHOro 3HaHusa obulero Buaa pelleHus. OTu
npeumyLecTBa 0COOEHHO BaXKHbI B MOCTABIEHHbIX BbILIE YCIOBMSAX, KOr4a Bu4 UCKOMOro npeobpasoBaHus
MOXET ObITb HEM3BECTEH.

OnucaHHbIi nogxof Obin MPUMEHEH K 3agadve ONpedeneHust Of4HOro M3  TEeXHOMOrMYecKUx
napameTpoB Mo BuAeouHdOPMaLMK, MOCTynalwwen B aBTOMATU3MPOBAHHYID CUCTEMY YMpaBreHUs
TexHonormyeckum npoueccom. BuaeousobpaxeHne cmecn TBEPAbIX YaCTUL, pasfuyHbIX pPasMepoB U
dopMbl MOCTYyNnaeT Ha BxoAd cucTtembl. TpebyeTca onpedenvTb cpegHui pasmep (gvameTp) vacTu,
oTobpaxaembix B kagpe. V3obpaxeHue CHMMaeTCa CBETOMYBCTBUTENbHOW MaTtpuuen pasmepom L X L
nukcenos. MybuHa uBeTonepenadn — 1 6GUT, TO eCcTb N3obpaxeHne YépHo-6enoe. KonnuectBo ABOMYHBIX
pas3psiioB B OMpeaensieMoM guamMeTpe OrpaHNYeHO OLIMOKOW AUCKpeTM3aumm m3obpaxeHns u paBHo K =
log,L. OuckpetnsmpoBaHHoe usobpaxeHne coaepxut M = L® 6uT. Takum obpasom, TpebyeTca NoCTpouTb
npeobpasoBaHne, BXOAOM KOTOPOro SABMNSIETCA ABOUYHbLIA BEKTOP M3 M 6UT n3obpaxeHus, a Bbixogom — K
61T, NPeACTaBNSALLNX ABONYHbIE pa3psiabl AnaMmeTpa.

Takoe npeobpas3oBaHMe MOXHO paccmaTpmBaTb Kak COBOKyMHOCTb K 6yneBbix dyHKuMi M
nepemeHHbIX. ockonbky O Buae npeobpas3oBaHMs HUYEro He W3BECTHO, €ro MOXHO npeacTaBuTb
Tabnmuamm UCTUHHOCTU 3TUX PYHKLUMIA, TO €CTb ABOUYHLIM BEKTOPOM OJIMHOW 2" K.

[ns oueHKn KayecTBa Kakgoro npeobpasoBaHus X; MPUMEHSIETCS TeCToBasi NoCneaoBaTeibHOCTb
n3obpaxeHun, Ans KaXZoro M3 KOTOPbIX BbIYMCASEMbIA MapamMeTp (OnameTp) 3apaHee WU3BECTEH.
3HaueHuve uLeneBon yHKuun F(X;) paBHO cpegHen owmnbke onpefeneHvus guameTpa — pasHOCTU Mexay
3HayeHveM, BbIYMCMSEMbIM Mpeobpa3oBaTtenieM Mo MPeabsBIEHHOMY W300paXKeHWIo, W  TOYHbIM
3HaYeHneM.

2K
— YK _ 2ﬁz ﬁ|< . o

Cyuwecteyer T =2 =2 BO3MOXHbIX MNpeobpasoBaHuii. [Mpu TakoW MOLLHOCTM
MpoCTpaHCTBa novcka metoAbl nepebopa, o4eBUOHO, HE MOryT ObiTb 3PPEKTUBHBI YKe AN HeBonbLInX
3HaveHun K. Ecnn cuutaTth, 4TO OCHOBHOE BpeMSs 3aTpadnMBaeTCs Ha BbluMcreHue Leneson yHkumm F(x;),
TO 3agadva nepebopa B faHHOM criydae BoobLe aengaetcs HIM-nonHom oTHocuTensHO K.

[na peweHnss aTor 3agaym Obin NPUMEHEH reHeTudeckuin anroputMm. B pesynbrate paboThbl
anroputma ©6bIno  HanWgeHo npeobpasoBaHWe, onpedensiollee AuamMeTp YacTuy CO  cpedHen

MOrpeLlHoCTb0 OKOMo 3 nukcenoB (Npu pasmepe Bcero msobpaxeHusa 32 x 32 nukcenos). lNMpu atom
21000
Lenesas (YHKLMS BbluMcnanack Bcero okono 70000 pas, uto 6onee yem B 2 pa3 MeHblle, Yem angd

nonHoro nepebopa. MpeobpasosaHne nonyvyeHo B BuAe Tabnuubl UCTUHHOCTU WU AOMYCKaeT He TONbKO
nMporpaMMHyl0, HO W annapTHyto peanu3auunio. [lpy npoBegeHUM 3KCNepumeHTa uMcnonb3oBanach
nporpammHas 6ubnuoteka GAlib (aBTop — M. Yonn, Maccadycetckuii TexHonornyeckun MHCTUTyT).
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USING GENETIC ALGORITHM FOR ANALYSIS OF A TWO-DIMENSIONAL IMAGE
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In control system design a problem often arises of extracting important parameters from the input
data. A corresponding transformation is not always obvious. To find it is difficult sometimes — for example,
when input data is weakly structured or when standard methods are lacking or lead to inefficient algorithms.
In other words, there are cases when the general form of the transformation can not be easily seen.

One of outlets is using evolutional algorithms to find the transformation needed. All possible
transformations can be considered as a search space. Every transformation is given a quality coefficient.
Then the most suitable transformation is sought. In this way, the initial task of design is reduced to a
conventional optimization problem, the quality coefficient being an objective function. To solve such
optimization problem it is appropriate to employ genetic algorithms. As contrasted to conventional gradient
methods, they do not require structured search space, and, compared to Monte-Carlo methods, they tend
to be faster. These advantages make genertic algorithms most suitable for the problem put by.

This approach has been used for the following task. A camera-recorder is continuously recording
an image of a conveyer belt, on which a mixture of solid objects of various shape and size lays. The image
is then sampled in L x L pixels. Color depth is 1 bit. The goal is to find a way of calculating the average size
of those objects (diameter). The diameter value shall be measured in pixels and shall have K bits.

The image can be represented by a binary vector of length L% The total amount of all possible

L2
transformations mapping L2 input bits onto K output bits is 2% K Among all those transformations one
(or more) may exist that carries out the task — calculating diameter based on the discretized image. A
steady-state genetic algorithm had been used for finding the suitable transformations. The quality of any
transformation (objective function), was estimated by an average error — the difference between the
calculated diameter and the accurate value of that. The averaging had been conducted over a test set of
images, which were sequentially exposed to the transformation.

As a result of the experiment, a transformation had been found which appeared to be suitable
enough for the application. It was able of recognizing the diameter with an average error of 3 pixels (the
total size of the image was 32 x 32 pixels). During the optimization the objective function was calculated
about 70000 times, what is incomparably few as against exhaustive search. The software for this work
used the GAlib genetic algorithm package, written by Matthew Wall at the Massachusetts Institute of
Technology.

The following conclusion can be drawn from the experiment conducted: the task of the
transformation synthesis can be often reduced to an optimization problem (the search of the suitable one
among all possible ones) and then solved using genetic algorithms, which appear to be very appropriate for
that purpose.
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