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AHHOmMauyuA: PaccmaTpuBaeTca BOMPOC peannsaumm MeTogoB onTuyecko 06pabotkm nHbopmaumm B Koppe-
NIALMOHHO-3KCTPEMA/IbHBIX OMTUYECKUX U3MEPUTESIbHBIX CUCTEMAX. Peannsyetca pelieHre Npobiembl TOYHOTO
6ECKOHTAKTHOrO U3MEPEHUs MapameTPoB ABUMKEHUA OOBEKTOB, NEPEMELLAIOWNXCA OTHOCUTE/IbHO MOBEPXHO-
CTW 3eMAU UM UHOM MHPOPMATMBHON cpeabl. Mcnoab3yeTca MeTos KogMpoBaHMA U BOCCTAHOBAEHUA N306pa-
YKEHUA, OCHOBAHHbIM Ha OPTOrOHa/bHBLIX NPeobpPasoBaHUAX, B pe3y/ibTaTe KOTOPOro MOJYYaeTCs CMEeKTP
OBYMEPHbIX 6a3ucHbix PyHKUMA. NyTEM pelieHus npobnembl ABAAETCA WUCNOb30BaHWe npeobpasoBaHue
Apamapa, Ha base KOTOPOro, B YaCTHOCTU, MPEAJIOKEHA CXeMa aLaMapOBCKOro CneKkTpoaHaausatopa. Mcnosb-
30BaHMe obpaTHOro npeobpasoBaHMA TPaHCHOPMaAHTbI, KOTOpoe TPebyeT BbINONHEHWUS TAaKMX OnepaLymii, Kak
cornacosaHue no ¢ase CYMMMUPOBaAHUA NEPEMHOMKEHHbIX Ha 6asncHble QYHKUMKU 3HAYEHUI TPaHCHOPMAHTbI
OJ19 KakAO0ro 3nemMeHTa n3obparkeHua. MeTo nNo3BoAET He TONIbKO Pas/oXKUTb U30bpakeHWe B CNEKTP ABY-
MepPHbIX 6a3UCHbIX GYHKUNIA, HO N 3PPEKTUBHO U CPaBHUTENIBHO NPOCTO Peasn3oBaTb GyHKLMIO BOCCTaHOB/E-
HMA M306paXKEHUA MO KOMMOHEHTAM CMEKTpa.

Kntouesoie c108a: napameTpbl ABUNKEHUA, U306pakeHue, 6asncHaa GyHKLNA, KOPPENSALMOHHO-U3MepPUTENIbHbIE

Cpenu W3BECTHBIX METOJIOB KOJHMPOBAaHUS H30-
OpaxxeHuii [1] HauOONBIIMI MHTEPEC TPEACTABIISA-
€T METO/i, OCHOBAaHHBIH Ha OPTOTOHAJBHBIX Tpe-
00pa3oBaHUsX, B pe3yJIbTaTe KOTOPHIX MOIy4aeT-
Csl CHEKTp JABYMEpHBIX Oa3ucHBIX (yHKnuid. B
3TOM CJIydae CIEKTp MCIOb3yeTcs IS Tepeaadn
W XpaHEHUs H300paXKEeHUs, YTO CYIIECTBEHHO
CHIDKaeT TpeOOBaHMUs K IPOIYCKHOM CITOCOOHOCTH
KaHaJIOB CBSI3M M 00BEMY OMNEPATHBHOW MaMSITH,
obecrieunBaronel 3T KaHaibel [2]. Meroa xopo-
110

peanusyercs OTITHKO-

AJICKTPOHHOI'O aHalM3a H300paXeHHs. ITO TOo-

cpencTBamMu

3BOJISIET TIOCTPOUTH CUCTEMY KOJIUPOBAHHS M BOC-
CTaHOBIICHUSI M300pPa)KEHUSI HA ONTOAJICKTPOHHOM
3JIEMEHTHOH 0a3e.

B nHacrosmiee Bpems cymiecTByeT MHOTO CIIO-
CO0OB PA3JIOKEHUS H300paKCHHMsI HAa HEKOTOPOMt
CHCTEeME OpTOroHaNbHbIX (QyHKIMA. VX Teoperu-
Yyeckass OCHOBa paspaboTaHa JIOCTATOYHO JaBHO
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CUCTEMbI, KOAMPOBaHME, OPTOrOHa/IbHbIE NPeobpa3oBaHuA.

[3]. C ToukM 3peHHs MPAKTHICCKON pean3alliy
HanboJee MPOCTHIM SBISETCS TMpeodpa3oBaHUE
Anamapa, Ha 06a3e KOTOpPOro, B YacTHOCTH, B pa-
[4]

CIICKTpOaHaJIM3aTopa. B ocHOBe MeToma IEKHUT

oote MpeAIoKEHa CXeMa aJlaMapOBCKOT0
npeoOpa3oBaHUE MCXOMHOrO (hparMeHTa H300pa-
xeHust X B TpaHchOpPMaHTy Y, 3JIeMEHTHI KOTO-
pO¥ MONYy4eHBI MyTEM OpTOrOHAIBLHOTO Tpeodpa-
30BaHMs H300pakeHus. Hambomee wuccienoBaH-
HBIMH TPe0OpPa30BaHUSMH, KOTOPBIE UCIONB3YIOT-
Csl B OTHX LIEIIAX, SABJIAIOTCS MpeoOpa3oBanus Dy-
pwe, mpeodpaszopanue Kapynena-Jloasa, mpeobpa-
3oBanue Anamapa [5]. Ilocnennee Haubomee mpo-
CTO peau3yercsl ONTHUYECKUM MYTEM U SABISETCS
SHEPreTHYecKH MOJHBIM mpeobpazoBanueM. Oj-
HAKO, METOJ HEe HAIIEN MPAaKTUYECKOrO MpUMEHe-
HUS B CBSI3U C 00CTOATENBCTBOM, KOTOPOE Ha Tep-
BBIi B3I HEBO3MOXKHO 000iiTH. Ha onrnueckux
AJIEMEHTaX JIETKO peallu3yercsl olepaiusi pasio-
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KEHUST U300paKeHUs Ha JIEMEHTHI TpaHc(hopMaH-
Thl. J{71s1 3TOro MOryT OBITh HCHOJNB30BaHBI Kak
napajieNibHble, TaK MOCJIEOBATEIbHBIE CXEMBI
ONTHKO-3JIEKTPOHHBIX aHAIM3aTOPOB. A BOT JUIs
CHHTE3a N300paKeHUs1 HE0OXOJJIMO, B COOTBETCT-
BUU C aJITOPUTMOM, NIPEIJIOKEHHBIM B padote [4],
MPOU3BECTH 00paTHOE IMpeoOpa3oBaHKME TpaHC-
(opMaHTBI, KOTOPOE TPeOYET BEHITIOIHEHHUS TaKUX
orepanuii, Kak corjacoBanue no ase cyMMHUpO-
BaHUS TIEPEMHOKEHHBIX Ha Oa3WCHbIC (YHKIHUU
3Ha4YCHUH TpaHCHOPMAHTBHI JUTS KaXJIOTO JIeMEH-
Ta u300paxeHus. CIOKHOCTH TEXHUYECKOTO pe-
IICHUS 3TOW 3aJaudl JIENaloT COMHHUTEIBbHBIMH
JOCTOMHCTBA METOJIa KOIUPOBAHHS BUICOJAHHBIX
Ha OCHOBE CIIEKTPAJIBLHOTO pas3iokeHus [6].

B oroli cBs3u BO3HMKaeT 3ajaya pa3pabOTKU
3¢ ()EeKTUBHBIX CIIOCOOOB CIKATHSI BHJICOAAHHBIX.
IIpennaraercss 1OCTaTOYHO MPOCTOM METOJ OPTO-
rOHAJBHBIX MPeoOpa3oBaHUN H300paKECHUS, I10-
3BOJISFOIIMN HCKJIIOYUTh U3 00paTHOro mnpeodpa-
30BaHMS ONEPAlUI0 CYMMHPOBAHHS KOMITOHEHT
CIIEKTA.

B pamkax mMeTozma crieKTpaibHOTO pas3IoKeHUs
BUJICOIAHHBIX TI0 OPTOTOHAIBHBIM 0a3MCHBIM
(GyHKIUSAM, U300paKeHUEe MOXKHO TPEICTABUTH B
BUJIC BBIPAKCHUS

n

Foey)-| [ Gy (1)
i=0

rae F(x,y) — QyHKIuUsS sSpKOCTH HM300paKeHHS B

Touke X, y; Mj(X,y) — npousBonbHas QyHKIHA
JIByX apryMEHTOB, YIOBJIETBOPSIOIIMX YCIOBHIO

|| 10, ieypiog yeydasay 0,2

S

mpuuéM i, j = 0, 1, ..., n; a; — KO3 PHUIUESHT
Pa3NOKEHHS; N — MOPSIOK MaTpPHUIBl TpaHCHOp-
MAaHTBI.

Ecmu nponorapudmupoBats mo ocHoBanuio C
JIEBYIO U MPaByIO YacTu BbIpaxeHus (1), momyunm

log Fooy)= ) aslog i(xy). ()
i=0
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[Ipy BBINOJHEHUH YCIOBHS OPTOrOHAIBHOCTH
dynxumii log U;(x,y) ko>ddurments: a; B BbIpa-

JKeHuH (2) MOXKHO 3aIllicaTh B BUJIE COOTHOIICHUS
JI, log F(x.,y)log W;(x,y)dxdy
a.:
I, Tlog, i (x,y)Tdxdy

O06o3HauUM B

BelpakeHnn (3) yHKUIHH
log.F (x,y) u log Mi(x,y) "epes f(x,y) u ¢i(x,y) co-
OTBETCTBEHHO:
f(x,y) = log. F(x,y), @i(x,y) = log. Ui(x,y).

[Nocie moxcTaHOBKM TPUHSATHIX 0003HAYCHUH,
BbIpakeHHe (3) MOXKHO 3amucaTh CIELYIOUIM
o0pazom:

Il fxy)i(xy)dxdy
ffsz i(xy)dxdy

B cBs3u ¢ TEM, YTO YCJIOBHE OPTOrOHAJIbHOCTHU

“4)

i

BBITIOJIHSICTCSL TOJIBKO  JIJIST  3HAKOTIIEPEMEHHBIX
(YHKIMH, a ONTHYSCKMMH METOJaMH MOYKHO pea-
JIN30BaTh TOJNBKO MOJOKUTEIBHYIO (YHKIHIO [7],
1enecoo0pa3Ho BOCIIONB30BaThCS MPECTABICHU-

eM 0a3MCHbIX (QYHKIUH B BHAC CMEIIEHHBIX
GyHKIMI

_ i(x,y)+A . Ai(x,y)

3 3 )

i(xy)

i(x,y)+A Ai(xy)

2 2
guMm uepe3 Gi(x,y) u Di(X,y) COOTBETCTBEHHO.

CMeréHHbie (PyHKIIUU 0003Ha-

[Ipencrapnenue (5) mepenuineM, MOJICTAaBUB B
HETr'o MMPUHATHIC 0603HaquI/I$I

0, (x,y)=G;(x,y)+Di(xy). (6)

CMmeriéHubie pyHKIMH YIOOHO 3a1aTh TaKUM

o0pa3oM,  YTOOBI  BBINOJHSJIOCH  YCIIOBHE:
A =max @i(X,y).

C yuérom npenacrasieHus (6) mepenuiieM BbI-
paxenue (4):

a:ffs Gy [f, Dixy)f(xy)dxdy
L L GG ) Diey)T dxdy
CrnenoBaTenbHO, a; = aj; — ajp, IPUIEM
Il GGty
"I, 1Gi Gy Dy (ey)T dxdy
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Puc. 1. dyHKIMOHANBHAS CXEMa ONTHKO-3JIEKTPOHHOT'O aHAIN3aTOpa H300paKEHUS

A4

(Pn(x’ Y)

. JI, DiGy)f(xy)dxdy
2=
I, [GiGy)+Dixy)] dxdy.

Cneﬂyer OTMETHUTDH, YTO B ClIyda€ JUCKPETHOI'O

npeoOpaszoBanus Aamapa repexoay OT JIUCKpPET-
HOW (yHKIMHU @i(X,y) CO 3HaUeHHEM «+1» K auc-
KpeTHOH (QYHKIUH @(X,y) CO 3HAYCHUEM «—1»
Oy/lieT COOTBETCTBOBATh IEPEXOJ  «IIO3UTHB-
HEraTHB» B ONTHYECKOHW CXeMe, pean3yIoniel 3Ty
ornepanuio [8]. B o0iem cinydyae aHanu3aTop M30-
OpaskeHHsT MOXKET OBITh TIOCTPOCH MO CXEMeE, IO0-
Ka3aHHOM Ha puc. 1.

OTOT aHAM3aTOp MPUHIUITHAIBHO OTINYACTCS
OT TpeMIoKEeHHOro B pabore [4] Hamuumem
Jiorapu(pMHUECKOro MmpeodpazoBaTelis H300paxe-
Hus JIIL

Cxema cuHTe3aTopa (pHuC. 2) peaausyeT ajiro-
PHUTM, B OCHOBE KOTOPOTO JIGKHUT BhIpaxkenue (1).

HcrounnkoM H3IMydeHUsI B CHHTE3aTOpE CIIy-
JKAT ONTHUYECKUM KBAHTOBBIM reHepartop. Ilyuok
KorepeHtHoro csera pacuupsercss B OCII (komn-
JIUMAaTope), MPOIyCcKaercs 4depe3 n TpaHCHapaH-

TOB-TIEPEMHOXKUTENEH, Ha KOTOPBIX 3alHCaHbl
dynxman [u;(x,y)]", ¥ mocrymaer Ha mpuéMHHK
n3zobpaxxeHusi. TexHWueckas peamu3anus OITO-
AJIEKTPOHHBIX YCTPOWCTB aHAJIM3a M CHUHTE3a HM30-
OpaskeHHs He BCTPETHT, HA HAIl B3IJISI, TPUHIIN-
MUaNbHBIX 3aTpyAHeHu. Jlorapudmuyeckuii mpe-
o0pazoBarellb CBETOBOI'O IOTOKA MOXET OBITh
BBHITIOJTHEH B BUJE dKpaHa U3 (POTOXPOMHOIO Ma-
Tepuana, Kod(pQUIMEHT MNPOMYCKaHHUs KOTOPOTo
MPOTOPIIUOHANIEH ~ JIOTapU(My HHTEHCUBHOCTH
najaroniero Ha Hero csera. [lomobHoe ycTpoiicT-
BO MOXKET paboTaTh B peajbHOM MaciTade Bpe-
Mmenu [9, 10]. Meronsl MyTbTUIUTHKAIIMHE U300pa-
KEHUH Takke HEeruioxo paspaboransl. B kauecTBe
MYJIBTUTUTMKATOPOB MOXXHO HCIIOJIB30BaTh JIU-
(paKIMOHHBIC PEMIETKH, TOIOTPAMMBI, JIMH30BEIC
pactpbl. bazucHble GyHKIUH (i(X,Y) MOTYT OBITh
CHHTE3UPOBAHBI IIOCPENICTBOM MPOCTPAHCTBEHHBIX
MOJYJIATOPOB CcBeTa. [Ipw 3TOM BBIYMCIICHHE BbI-

paxerus [f [i(x,y)]°dxdy B (7) mpu oleHke 3Ha-

4eHUl KOA(PPUIMEHTOB a; TPYyJHOCTEH HE mpe-
craBisger. [Ipu HeoOXoauMocTH 3Ta onepanus
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Puc. 2. ®yHKIMOHANBbHAS CXEMA ONTHKO-3JIEKTPOHHOI'O CUHTE3aTOpa
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MOJKET OBITH pealn30BaHa CIEMAILHOW MACKOM  PUTENsAX MapaMeTPOB IBHMKEHUS 00BEKTa CHCTEM
. 2 .
[i(x,y)]". Ha kaxnmoii u3 Macok 3amucaHa ogHa u3  OXPaHHOrO MOHHUTOPHHIA.

aHamM3upyommx QyHKIu  @i(X,y). OdeBHIHO,

4TO B 3TOM Ciydae i pOpMHUPOBAHHS i-TO KO- _ Jlutepatypa
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Abstract: Issues of accurate non-contact measuring motion parameters of objects moving relative to the earth's
surface or other information medium are always relevant. This is the case of security monitoring systems.
Measurement systems for coordinates and motion object parameters are developed and upgraded for this pur-
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pose. The trend concerned with the recognition of image patterns is gaining more and more firm positions in
measurement-related scientific research of motion parameters in correlation-measurement systems. For in-
stance, measurement methods for the angular and linear velocity of objects, as well as methods to define their
coordinates based on holographic matched filtering and correlation-extreme systems are developed within this
research trend. The solution of these and similar problems is often confined to the problem of compressing and
encoding the signal in digital image processing, which is inevitable in measurement systems of motion parame-
ters. Optical methods become of great importance in solving this problem as they have a high information capac-
ity of the light field as a data carrier, high speed of optical signal propagation, and the capability to implement a
number of mathematically capacious operations in two-dimensional data arrays. Currently, there are many
ways to decompose an image in some system of orthogonal functions. Their theoretical background was devel-
oped quite time long ago. With regard to practical implementation, the simplest one is Hadamard transform on
the basis of which, in particular, Hadamard spectroanalyzer circuit is proposed. The method is based on the
transformation of the original fragment of X image into Y transformant, the elements of which are obtained
through the image orthogonal transformation. The above method of image encoding and reconstruction based
on orthogonal transformations enables not only to decompose the image into the spectrum of two-dimensional
basis functions, but also to implement efficiently and comparatively simply the function of image restoration by
spectrum components. The proposed method can be applied in hybrid optoelectronic systems for image recog-
nition, in particular in correlation-extreme measuring gauges for object motion parameters of security monitor-
ing systems.

Keywords: motion parameters, image, basic function, correlation measurement systems, coding, orthogonal
transformations.
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