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Pacno3HaBanne W300paKeHUH, TONYYEHHBIX B pE3yJbTaTe MpHeMa MpHIICIIICH OT pPaclo3HABACMOTO
00BEKTa MPOCTPAHCTBCHHO PACIPEACICHHONW JJICKTPOMATHUTHON OSHEPIHHU, SBICTCS aKTyalbHOW —3amaucit
COBpeMeHHOW paamoniokanmu. OIMH W3 MyTeH ee pelleHHs COCTOUT B CO3MAHHWU Ui OOpaOOTKH MPUHUMAECMBIX
U300paKeHUH ANTOPUTMOB, HWCIOJB3YIOMIAX METOIBl IUPPOBOH 00paboTKku nmaHHBIX. OIHAKO BCIEICTBUE
TPYAOSMKOCTH M3BECTHBIX AITOPUTMOB PACIIO3HABAHUS BO3HUKACT MPOOJeMa 00CCICUCHHS €¢ PEIICHUS B PECATbHOM
MacimTabe BpeMEHH! ¢ BBICOKOH CTeNeHbIo KadecTBa. [Ipeanaraercss HOBBIN alrOpUTM PacTiO3HABAHMUS, ITOJTYICHHBIN C
HCTIOF30BaHNEM MAaTEMaTHYECKOTO amrmapara BeHBIeT-IpeoOpa3oBaHMsL, KOTOPHIA IO3BONSAET HAWTH OJHO U3
pelieHuit JaHHOU 3a1auu.

Nudopmamms o mpunsatoMm kampe uzoOpaxkenus (I[IKM) B pesymprare ero QUCKpeTH3allMd Ha OCHOBE
MeTo0B 1HppoBoit 00paboTKU comepkuTcs B Marpuie uzoopaxenus (MUW). MHaekch KaXmaoro dJeMeHTa 3TOi
MaTpUIBl COBMANAIOT CO 3HAYCHHWSMH HEOTPHILATEIBHBIX IEJIOYHCICHHBIX KoopamHaT Kaxkgoro mmkcens I[1IKU, a
3HAYCHUE TAHHOTO 3JIEMEHTA PaBHO YPOBHIO SPKOCTH 3TOTO THKcems [1].

B cimyyae mBymMepHOTo H300pa)KCHHUS ANTOPUTM IPSIMOTO BeHBIeT-TipeoOpasoBanus u3oOpaxkenus (BIIN)
MO>KHO TPEJCTaBUTh B BUIE [2,3]:
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rae j - creneHs paspemenus (CP), n u m - koopanHatsl ukcenen nzobpaxkenns BBj-1, k, 1 - koopauHaTel mukceneit
nm3obpaxkennit BBj, HBj, BHj, HHj, h(t), g(t) - uMITyIpCHBIE XapaKTEPUCTHKH TPOCTPAHCTBEHHBIX (DHIIBTPOB.
Anroput™ (1) ocymecTBisieT pa3duenne ucxomHoro n3oopaxkenns BBj-1 na getsipe, onHO u3 KoTOpeIX BBj
COJEPKHUT AamIpOKCUMANNI0 MCXOOHOTO mM300pakeHHs BBj-1 ¢ yMeHBIIEHHBIM B [1Ba pasa pa3pemicHueM, a TpHU
npyrux, HBj, BHj, HHj, Te neTanu n3o0paxeHust, KOTOpbIE HE BOLIUTH B TIOJyYEHHYIO alNPOKCHMAIIHIO.
Nmnynscnas xapakrepuctruka (1X) ¢punbrpa h(t) onmceiBaercs BeiBinetrom Xaapa Fh(t), a UX ¢unbrpa g(t)
omuchIBacTcs MacmTabHOU QyHkImei Xaapa Dh(t) [3]:

1. 0 <= t<1/2
> |1, e 0 <=t <1
Fh(1)=4-1,1/2<= t<1 Dh(1)= 0. e <0, 1<=¢ (2)

0, 1<0,1>1,

Beibop Takux ¢(yHKIM OOyCIOBIEH HMX HETTAJKOCTHIO B CMBICIEC KOHEYHBIX Pa3pbIBOB, MO3BOJISIONINX
Jydlle BBLACTATH OONacTh H300paXkeHHs, HMMEIONINE YPOBEHb SPKOCTH, OTIMYAIOIIMICA OT YPOBHS SIPKOCTH
IpaHMYaIINX C HUM 00JIacTe, TO €CTh MO3BOJISET CBA3BIBATH THKCENIN B OMHApHBIC N300pasKeHHSI.

[lpn BBIIOIHEHHH WICHTU(PUKAIMKA BXOJHOTO H300paKEHUS C OTAJIOHHBIM HCIOJB3YETCS aJIrOPHTM
obpatnoro BIIH, BoccranaBnuBaronuii nzodpaxenue BBj-1 u3 BB'j, HB'j, BH'j u HHj [2,3]:
rae j - crenens paspemenus (CP), n m m - koopauHatel mukcened m3obpaxenuit BBj, HBj, BHj, HHj, k, 1 -
KOOpAWHATHI TmHKcened wn3obpaxkenmii BBj-1, HBj-1, BHj-1, HHj-1, h(t), g(t) - uMIyIpCcHBIE XapaKTepUCTUKU
MIPOCTPAaHCTBEHHBIX (DHIBTPOB.

CoorHorrenus (3) ommchHIBalOT MpeoOpazoBaHUe MCXOJHOTO m300pakeHuss BBj B m300pakeHue c

YBEIMUEHHON B JABa pa3a cremeHpio paspemieHuss BBj-1 myrem nobGaenenus B BBj meranei, comepkamuxcs B
n3ob6paxkennsx HBj, BHj, HHj, 9To cooTBeTCTBYeT BOCCTAHOBIICHHIO HCXOTHOTO H300paKECHNUS.
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k,1=0..27"-1,

Wpentndukaius UCXOJHOTO H300pa)KeHHs Ha pPa3HbIX YPOBHIX €ro paspelieHus] MpH ero MOIIaroBoM
BOCCTAaHOBJICHMH B COOTBETCTBHHM C aJITOPUTMOM (2), ompenersieT Mpoleaypy MHOTOYPOBHEBOW HICHTH(DUKAITUH.
Wpentndukanus Ha KaXKIOM YPOBHE Pa3pelieHHs] POU3BOJHUTCS IyTEM KOHTYPHOTO OMHCAHMS U Pac(hOKYyCHPOBKU
00BEKTOB U300paKEHHUS M MOJTYyYCHHUS OLCHKU MICHTHYHOCTH, (OPMUPYEMON TPH CBEPTKE MOJYYSHHOIO KOHTypa B
HUCXOJHOM HM300paXCHUH C ITAJIOHHBIMH [1].

AJTOpUTM UACHTU(PHUKAIIMN Ha KOKIOM IIare BOCCTAHOBJICHUS uMeeT Bux [1]:

(G .Gos(d))
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rae Q - oIeHKa HWISHTUYHOCTH KOHTYpoB, G - KOHTYp pacro3HaBaeMoro uzoOpaxenus, Gai - KOHTyp i-Oro
STAJOHHOTO M300paXkeHusl, d -KOJIMUECTBO BEKTOPOB CABUKA, SHi -CKaJIIPHOE NPON3BEICHHE BEKTOPOB.
PacdoxkycupoBka ocymectisercs GuiapTpom, nMeromero UX suna [1]:

ho(x .y J=ep (~(x2+y2)/r,7) (6)
rae 10 - ko3 dunueHt pacHoKyCUPOBKH, X,y - IPOCTPAHCTBEHHbBIE KOOPAUHATEIL.

OxoHuaTelIbHOE pelleHre 00 HISHTHYHOCTH BBIHOCHTCSI TOJIBKO TIOCIHE BBIMOJIHEHUs IOCIEAHEro Iiara
BOCCTAHOBJICHHUsI M300pa)KCHUsI M SIBISICTCS KOHBIOKIMEH MEMOYKH MOATBEPKAAIOIINX APYT Jpyra peuieHui o0
UJICHTUYHOCTH M300pakKeHHH, MOMYYEHHBIX Ha Pa3HbIX IIarax BOCCTAHOBICHUS, HEKOTOPOMY JTaJIOHHOMY. Tak Kak
OLIEHKA WJICHTHYHOCTH TPOU3BOAMUTCS OIepalueil CBEepTKH KOHTYPOB, a OTO TPYAOEMKas OIepaius, TO
uAeHTUUKAIMS HAa KPYIMHOJCTAIBHOM pPa3pelIeHUH, TPH KOTOPOM KOHTYPBI H300pa)KeHUsI COJCpIKaT MEHbIIEe
BEKTOPOB, MPOLEAypa UISHTU(PHKAIMK OCYIIECTBISIETCS 3HAYUTEIbHO ObicTpee. Ha MeKoaeTaqbHOM pa3pelieHrn
OCYIIECTBISIETCSI TIOATBEPKACHIE BEIOPAHHOTO TAJIOHA M TOYHAS UACHTU(GHUKAIUSL. DTO MO3BOJISET PEIUIUTh IUIEMMY
MEXIy OBICTPOTON U Ka4eCTBOM HICHTH()UKAIIMH U CHU3UTH TPYMOEMKOCTh anroputMma uiaeHtupukanuu. C 1Henbio
OLIEHKH TPOU3BOJAUTEIBHOCTH Pa3pabOTAHHOIO alrOpUTMa HWACHTU(PUKAIMKA OBUTM HPOU3BEACHBI PACUETHI €ro
TpymoemkocT N (KOJIMYECTBO HJIIEMEHTAPHBIX OMEpandii) C WCHOJNB30BAHHEM KOHTYPHBIX IOCTPOCHHIA,
MpejCTaBIeHHbIe Ha puc.l, Ha KOTOpPOM H300paKEHbI 3aBHCUMOCTh N OT CTENEHH paspelieHus | Mpu
AAeHTH()HUKAIAA.
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PacueTsl mokasamu, 4TO, HampwMep, MPU HCIOIb30BaHUM OnOMMoTeku w3 100 3TajJoOHOB TPYIOEMKOCTH
IrOpUTMa HICHTH()UKAIMU CHIXKAeTCS TMPHUMEPHO Ha JBa MOPSAIKA, TO €CTh TPYJOEMKOCTh alropuTMa mHpu
UACHTH(HUKAMN CO BCEMH STAIOHAMU TMPUOIH3UTEIIFHO PaBHA TPYAOSMKOCTH aaropurma Oe3 ucrmons3oBanus BITU
IIpU UICHTU(GUKAIIMKA TOJIBKO C OJHHM 3TAIOHOM. JTO MO3BOJISCT CYIICCTBEHHO CHU3UTH BPEeMs HICHTU(DHUKALUU U
MpUONM3UTh €r0 K peaJbHOMY MaclTa0y BpEMEHH, 4YTO JaeT BO3MOXHOCTH NEPCHTH OT HCIOJIh30BAHUS
MHOTOKAHAIBHOW 10 YHCITY 3TAJTOHOB CTPYKTYPHI K OJHOKAHAJIBHOM, a 3TO 00CCIIEYHBACT 3HAYUTEIHLHOE CHIDKCHHC
anmapaTypHbBIX 3aTparT.
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[IpenyiosxkeHHBI ~ aNTOPUTM  pPACIIO3HABaHUS  M300paKCHWH, HCIONB3YIOMMN  ammapaT  BEWBIIET-
peoOpa3oBaHus, MOKET ObITh MPUMEHEH MPH PACTIO3HABAHUH IIMPOKOTO KJIacca OOHEKTOB.
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The wavelet transform is a very effective signal analysis tool for many problems for which other methods
have been inapplicable. However, as yet no universal framework for image recognition from wavelet transform has
been founded. In this correspondence, we construct wavelet transform based image recognition algorithm from
discrete wavelet transform in terms of image decomposition in orthonormal wavelet Haar bases and show how to use
the concept of multiresolution representation for digital image approximation with contour object identification in
recognized images. This approach is useful for specific images, where other methods can not be applied. Also it is
effective for real-time applications, when other methods for image recognition can be applied with difficulty because
of its lack of rapidity.

In following, we briefly sketch the ideas behind the construction of wavelet transform based image
recognition algorithm. Before note, that for possibility of using the discrete wavelet transform for input original image
signal processing it in digital form are contained in image matrix with J degree of 2 dimension [1].

The first step of recognition algorithm is to obtain 2-dimension decomposition of the original image over N
octaves from O to J-N+1 by recursively filtering N time with highpass filter g(t) and lowpass filter h(t) applied
alternately in the x and y directions, giving on each octave images HHj, BHj, HBj and BBj from BBj-1. Each image
BBj at octave j is the input original image approximation with 4 in degree j resolution. From j-1 level of resolution to
j discrete wavelet transform algorithm for image decomposition are described as [2,3]

where j is the level of resolution, k, 1 are the coordinates of images HHj, BHj, HBj and BBj, n, m
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are the coordinates of image BBj-1, g(t), h(t) are the impulse responses quadrature mirror filters
The filter impulse responses g(t) and h(t) are derived from Haar scaling function and Haar wavelet
accordingly [3]:
1,if 0 <= t<1/2
Fh (t) =9-Lif 1/2 <= t <1 _ ) 0 <=t <1
,f Dh (1) {0,ift<0,l<=t @
0,if t < 0,t>= 1,

This functions have been considered because of the theirs superior properties (e. g. locality and not
flexibility, simplicity in computer implementation) that make them particularly well suited for construction of binary
image and theirs recognition at different levels.
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The second step of recognition algorithm is to reconstruct of the original image over N octaves from J-N+1
to 0 by recursively filtering N time with highpass filter g(t) and lowpass filter h(t) applied alternately in the x and
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y directions, giving on each octave images BBj-1 from HHj, HBj, BHj and BBj. The image from j level of resolution
to j-1 transformed inverse discrete wavelet transform algorithm are described as [2,3]:
where j is the level of resolution, m, n are the coordinates of images HHj, HBj, BHj and BBj, k, | are the coordinates
of image HHj-1, HBj-1, BHj-1 and BBj-1, g(t), h(t) are the impulse responses quadrature mirror filters.

This algorithm reconstructed original image and at each level are performed contour object identification.
Estimation of identification are defined as [1]:

Q=arg max § , § = max |(G»G3i. (d))|,
lGllGoi ()]

where Q - is the estimation of identification, G - object contour from original image, Gai - i pattern contour, d - vector
shift number, SHi - vector inner product.

In result, final estimation of identification are obtained as conjunction of giving on each level estimations.

As result of computer estimation of the wavelet transform based image recognition algorithm a number of
simple algorithmic operations have been obtained for three level. This results for wavelet transform based and
ordinary algorithms are shown in Fig. 1.

This results show that wavelet transform based algorithm permits to solve of a dilemma
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between speed and quality of image recognition.
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