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Pedepat. Pa3paboTaH ABYMEpHBIH airOpUTM Ui ONTHMHU3ALMH KO3()PUIHEHTOB ABYMEPHOTO aJalTHBHOrO LH(POBOro (GuibTpa.
AJTOpuUTM OCHOBaH Ha MeToje onTuMu3annu Komm, rie mponu3BOANTCS ONTHMHU3ALMS OJOKOB BXOJHON HMH(OPMALMH. AJITOPUTM HCIIONB3YETCS
JUTSL BOCCTaHOBIICHUsI H300paskeHuit. [Ipon3BoauTes yuet 3(phekToB KBaHTOBaHHUSI BECOBBIX KO3 DHUIIMEHTOB afanTHBHOrO (Guiibrpa. IIpuBeneHHbIe
PE3yIBTAThl HILTFOCTPUPYIOT 3()(PEKTHBHOCTE CHCTEMBI ISl [TOIABJICHHS TOMEX B N300PaKCHHSX.

1. Beaenue

I'pagueHTHBII MeTOH, MpeaCTaBICHHBIH B [1], oOmamaeT HEZOCTaTKOM H3-3a HEOOXOIUMOCTH BbIOOpa
TIOAXOJIAIICH ANUHBI Iara Wrepanuu I olecredeHus yctonumBod paboTsl (uimbTpa. [loaToMy cymiecTByeT
MOTPeOHOCTH IS Pa3pabOTKH alrOpUTMa, B KOTOPOM 3HAYCHHE IUTHHBI IIara ONpeAessuIock OBl Ha KaXIOH HTeparun
anmroputMma. [IpencraBieH ABYMEpHBIH anroput™, Oasupyrommuiics Ha Metoie Kommu. OH mpenHasHa4YeH st
ONTUMH3ANUN KO3(PPUIHEHTOB MH(POBOTO (PHIBTpa W TO3BOIICT pEmIaTh 3aJaddl C KBAJAPATUYHBIMH IICIICBHIMHU
GyHKIUSAMHA. DTOT METOJ] OTIMYAeTCS C OJHOH CTOPOHBI BBICOKOH YCTOHYMBOCTBIO TPH IOHUCKE ONTHMAIBHOTO
BEKTOpa BECOBBIX KOXPPHUIHNEHTOB GUIBTPa MPH JTFOOBIX €r0 HAYAIBHBIX 3HAYCHUAX, & C JPYrod CTOPOHBI, TO3BOJISICT
CYIIIECTBCHHO YMCHBIIUTH 3HAUCHHE IEJICBOH ()YHKIUH TPU JBIDKCHUU U3 TOYEK, PACTIONOKECHHBIX HA 3HAYUTEIEHBIX
PAacCTOSIHUAX OT TOYKH MUHUMYMA.

2. JIByMepHBbIi MeTO HAMCKOpeHIero rpaineHTHOro0 CIycKa
Meron Komm paspaboTaH Juii MHHUMH3aIUM CYMMbBl KB3JpaTOB BBIXOIHBIX BBIOOPOK, KOTOpas
omnpenemnsiercst Mackoit V(N Ny) pasmepom K;XK, anemenros [2]:
Ky Ky )
Vig,n)=3% > e(n —i,ny—j)° ,
i=0j=0

N M
e(n,np) =d(ng,ny) —y(ng,np) =d(ng,ny) = % 5 (i, j)x(m —i,ny—j),
i=0j=0
rae Y(ny Np) — BBIXOAHOW curHan ¢uibTpa, X(Ny, Np) — ero BxomHo#t curnan, h(i, j) — BecoBbie KOAPPUIUCHTHI
¢bubTpa, €Ny, Ny) - curaain ommbku, d(Ny Np) - CUTHAI, COACPX AN HCXOIHOE H300PaKEHHE U TOMEXY.
Metox Komm 6azupyercs Ha cienyromei popmyie:

[h(, M) 0= [h(, M) =1 OV (L, m)) @

rae mapamerp lx ompemensieT CKOpPOCTh W YCTOWYHBOCTH MPOIECCa aaanTalliil M HaXOJUTCS UIS KakI0TO
sHauyenus K u3 ycmosust:

Ky Ky
B(t) =13 S{d(my —i,np =) -
i

”MZ

=3 3 (00 M1tV 4 m))x(ny =1 =i, =m=)}*] — min, @

Pemenne 3aJauu (2) OCYHICCTBJIACTCA C UCIIOJIB30BAHUEM H606XOZ[I/IMOFO YCJ10BUSI MUHUMYMa %t - O .
k

Tlocne TPOMO3AKUX MAaTEMATUYCCKNUX BBIKJIIAJIOK ITOJTydacM:

KiK>
> >e(m —i,np—j) (i)
t = KK : (3a)
2122[1‘(' I
KiKaN M
=Y 3> > x(ng—i=lny = j-mav(,m). (36)
P TTm
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[Moncrasnss 3nauenue rpaguenta B (1), nomydaem popmyiy merona Komm:

K; K
[h0Lm)] gaa=[h(.M] (+2t S S e(hy —inp—() x(my —I-i.np-m=]), (@
iZ0j =0

rae ty onpenensercs no popmye (3a).
VYuer 3¢ ¢exroB KBaHTOBaHUS KO3()(UIMEHTOB amanTHBHOTO LU(PPOBOro (HILTPA, AITOPUTM KOTOPOTO
0aszupyercs Ha TPaJAUCHTHOM METO/IC aJanTalli{, MOKHO IPOU3BECTH CIIEAYIOIINM 00pazoM [3]:

Q[(H, ,m) k+1) = QL(H, ,m) Kl +

K1 Ko . . . o (5)
+Q[2uy > e(m —i,ny—j) x(m =I=i,n—=m=j)]

i=0j =0

a QGopMyna moACTPOWKH KOA(GQPUIMEHTOB /U1 JBYMEPHOTO AITOPUTMA HAWCKOPEHIIEro IpaJHeHTHOrO ciycka (4)
3aIMIIETCS CIIEAYIOMNM 00pa3oM

Ky Ko
> >e(n -i,np=j)fi )
QUM kaad = QUIN(L M 1] + QL2 ——— 2 ’
AU (©)
i

Kl K2 - - - -
x3 3 e(m —iny—j) x(n —I-i,np-m-j)],
i=0j =0
rae f(i,)) onpenensercs uz popmyisr (36).

3. Ilpumep o6paboTKN N300paKeHU i

Ha puc. | mpexacraBneHs! 3anIyMyIeHHOE TMOMEXO C H3MEHSIOUIEHCS YacTOTOH M OTKOPPEKTHPOBAHHOE
aanTUBHBIM (GUIBTPOM HU300pakeHus. OOpaboTKa MPOU3BOJAMIACH IO CXeMe, mpejacTaBieHHoit B [1]. BuaHo, 4ro
M3MEHSIOIAsACS ToMexa MPaKTHYeCKH yJajieHa M3 u3o0paxeHus. OTMETHM, YTO B BepXHeH wyacTu oOpaboTaHHOTO
n300pakeHHs1 0cTajgach HeoOpaboTaHHas TToMeXa. DTO CBS3aHO C TEM, YTO CBEPXY M300pa)KeHUsI aIanTUBHBIN QUIBTP
paboraeT ¢ 3a1aHHBIMU HAYAJIBHBIMH YCIIOBUSIMH M KQKIBIA pa3 HAYMHAET ITOJICTPANBATHCS 3aHOBO.

TecroBoe M300pa’keHNe OBIIO 3alIyMIIEHO CHHYCOWAATBHONH MOMEXOH C IMepeMEeHO 4acTOTOH, MpHYEM Ha
aJIaNTUBHBIA (UIBTP MOAABAJIACh NIOMEXa, M3MEHSIONIAsACcs MoJ0OHEIM 00pa3oM. ClenyeT OTMETHTh, YTO aMIUINTYa
TIOMEXH OTpaHWYeHa MaKCHMAJIbHBIM 3HaYCHHEM SPKOCTH JIEMEHTOB H300pakeHHMs. 3allyMIICHHOE H300pakeHHe
OBLTO o0paboTaHO aTaNTHBHBIM ureTpoM TIEPBOTO mopsiiKa c MacKOH
V(ny, Ny) pasmepoM 5X5 3JIEMEHTOB.

Puc. 1. amymieHHOE ¢ IepeMeHHOM 9acTOTOM (clieBa) M 00pabOTaHHOE aaNTHBHBIM (HIBTPOM (CIpaBa) N300pasKeHHs

Bonee HarnsaHO pe3ynbTaT IMPOBEJCHHOTO MOJECIUPOBaHHS TOKA3bIBAIOT CIEKTPHl 3allyMJICHHOTO U
obOpaboranHoro wusobOpakeHuil. Ha pwuc.2 (cneBa) mnpuBeA€H CICKTP 3alIyMIICHHOTO H300pakeHHs (BbIOpaH
norapupmMuyeckuii Macmtad ¢ MuUHHUManbHbIM ypoBHeM 40 nb). OTu€riaMBO BHIHA MOMEXa C HM3MEHSIOIICHCS
yactoroil. Ha puc. 2 (cripaBa) mpeacTaBicH CICKTP 00pabOTaHHOTO aJanTUBHBIM (DHIBTPOM H300paskeHus. XOpPOIIo
3aMETHO, YTO UBMCHAIONUIAACA ITOMEXAa MPAKTUICCKH BbIpE3aHa.
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Puc. 2. CrieKTpbl HCKQ)KEHHOTO C TIEPEMEHHON 4acToToH (cieBa)
1 00pabOTaHHOTO aIANITUBHBIM (PIIIBTPOM (CIIpaBa) H300paKEeHUS

0,52 046

0,45
0,48

044

0,44 043

042
04

041

Puc. 3. 3aBHCHMOCTS OTHOIIEGHUS CUTHANI-IIYM Ha BBIXOJIe PHUIBTPa OT YHCIa pa3psa0B KBAHTOBAHIS IS
TPaAMEHTHOTO aJropuT™Ma (CieBa) U Uil alrOpUTMa HAaUCKOPEHIIIeTro TpaiueHTHOTO CIycKa (CIpaBa)
(KBaHTOBaHME TI0 CXEME OKPYTIICHUS)

[IpousBeneM ydeT APQPEKTOB KOHEUHOW pa3psIHOCTH BeCcOBBIX KoddduimentoB ¢miptpa. Ha puc. 3
MPENCTaBICHbl 3aBUCHMOCTH OTHOIICHHS CHTHAJ-IIYM Ha BHIXOJAE (QUIIBTpa OT YHCNa Pa3psgoB KBaHTOBAHHS IS
JBYMEPHOTO TPaJHEHTHOTO AITOPHTMAa M Ul aJropuTMa HAMCKOPEHINero TpalueHTHOro chycka. KBaHToBaHue
NPOBOJMIIOCH IO CXeMe OKpyrieHus. Ha puc.4 mpuBeieHBl 3aBHCHMOCTH OTHOIICHHUS CHIHAJ-IIYM Ha BBIXOJIE
(buIBTpa OT YKcNa Pa3psI0B KBAHTOBAHUS, KOTOPOE MPOBOJHIIOCH 10 CXEME YCCUCHHS 110 BETMYHHE.

052 0,46

0.48
044

0,44
0,42

04

0.4

Puc. 4. 3aBucHMOCTS OTHOIIGHUS CUTHANI-IIYM Ha BBIXOJIe (PUIBTPa OT YHCIa Pa3psa0B KBAHTOBAHIS IS
TPaAUEeHTHOTO aJropuT™Ma (CieBa) U Ui alrfOpUTMa HAaUCKOPEHIIIeTro IpaiueHTHOTO CIIycKa (CIpaBa)
(KBaHTOBaHHUE II0 CXEME YCEUCHHSI 110 BEJTMYHHE)

BumHo, uto 00a aganTHBHEIX alrOPUTMa MPH HEOONBIIOM YHUCIEC Pa3psSIOB KBAHTOBAHUS MMCIOT BBICOKHI
YPOBCHb OTHOMICHUS cHUTHaN-IIyM. C pOCTOM 4HCIa pa3psIoB KBAaHTOBAaHWS HAOIIOHACTCS HACHIIMICHHE, KOTOPOE
OOBSICHACTCS OCTATOYHOM OIMOKOH CXOIMMOCTH aJIallTHBHBIX aJTOPUTMOB. YKa3aHHAs OIIMOKA YBEIHMYUBACTCS TPHU
KBaHTOBaHUU BECOBBIX KOA(D(DHUIIMEHTOB aJanTUBHBIX (DHUIBTPOB.

W3 mpeacTaBneHHBIX 3aBUCUMOCTEH MOYKHO CJIENIaTh BBIBOJI, YTO TPAJUEHTHBIN aJrOpUTM UMEET HEKOTOPOe
MPEUMYIIECTBO MO0 CPAaBHEHHIO C AITOPUTMOM HAHWCKOPEWIIETO TPaJUeHTHOTO CIyCKa MPU KBAHTOBAaHUHM BECOBBIX
KO3 PHUIHUEHTOB afanTHBHOTO (pUIbTpa. DTO CBSI3aHO C TEM, YTO MMapaMeTp, OTBEYAIOIIUH 3a CKOPOCTh M TOYHOCTh
CXOIMMOCTH, y aJIrOpUTMa HAWCKOPEWINEro TpaJueHTHOTO CIYCKa HAaXOJUTCS HMCXOJ M3 MTHOBEHHBIX 3HAYCHUN
rpaaueHTa paboueit HyHKINH, KOTOPBIC HE SIBJISIOTCS TOYHBIME OILICHKaMU rpajreHTa padboueii GpyHKIuu.
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4. BeiBOABI

PazpaboTan IByMEpHBIH alropuT™M HanCKOPEHIIETo IPaJHeHTHOTO CIIyCKa, KOTOPBIH 0a3upyeTcsi Ha MeToJie
Komm. OH npeanasHaveH U1l ONTHMHU3AIUH KOI(QQHUIMEHTOB IM(pOoBOro (GMIbTpa M IO3BOJSIET pelIaTh 3a1adu C
KBaJpaTUYHBIMH LENCBBIMH (DYHKIMSAMH. DTOT METOJ OTIMYAETCS C OJHOM CTOPOHBI BBICOKOH YCTOWYHMBOCTBIO IIPH
TIONCKE ONTHUMAJIBHOTO BEKTOPA BECOBBIX KO3(D(UIMEHTOB (HMIIBTPa C JTIOOBIMH HadaJIbHBIMU 3HAYCHUSIMH, a C IPYron
CTOPOHBI, IIO3BOJIICT CYIIECTBCHHO YMEHBIIWTH 3HAYCHUE II€J€BOM (YHKIMM TPH IBWKEHHH W3 TOYEK,
PAacCIIOIOKEHHBIX Ha 3HAYUTEIBHBIX PACCTOSHUAX OT TOYKH MUHUMYyMa.

IMpousBenen yder 3¢dekToB KBaHTOBaHUsS apupMeTHUeCKHX onepauuii B mudposom ¢uistpe. OH
OCYIIECTBIISIETCS ITyTeM BBEACHHS CTYNEHUATON (YHKIINHM HEIMHEHHOCTH B HTEpaIllMOHHOE ypaBHEHHE. Viconb30BaHa
MOJeNb C MYJbTUIUIMKATHBHBIM KBAaHTOBAHHMEM, KOTOpass YYWUTHIBACT TOJBKO KBAaHTOBAHWE IIPOM3BEICHHI
K03()PULMEHTOB (HHIBTPA C COOTBETCTBYIOIMMHU OTCYETAMH M HE YYUTHIBACT KBAHTOBAHUE UX CYMMBI.
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TWO DIMENSIONAL ALGORITHM OF FASTEST GRADIENT REGRESSION WITH QUANTIZATION OF
THE FILTER WEIGHT COEFFICIENTS

Pachkunov A.V., Sudakov A.A., Smirnov A.Y u.
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Abstract. A two-dimensional (2-D) adaptive algorithm is developed for optimizing the adaptive filter coefficients. The algorithm is
based on the Koshy method of optimization. In this algorithm, optimization is made over input data blocks. This algorithm is used for image
restoration. Simulation resultsiillustrate the efficiency of the system in noise cancellation.

1. Introduction

The gradient method represented in [1], has a shortage because of necessity of choice approaching length of
iteration step for maintenance of filter's stable work. Therefore there is a need for development of algorithm, in which
the value of step length would be determined on each iteration of algorithm. The two-dimensional a gorithm based on
the Koshy method is represented. It is used for optimization of the digital filter coefficients and allows to solve the
problems with the quadratic goal functions. This method have high stability in searching of the optimum vector of the
filter weight coefficients at any initial values, and aso allows essentially to reduce a value of the goal function at
moving from points located on significant distances from avalley.

2. Two dimensional algorithm of fastest gradient regression
Consider an adaptive agorithm designed for minimization of the sum of squares of output samples, whichis
determined by the mask V(n;, n,) of size K; xKy:

K1 Kz 5
V(ng,np)=5 5 e(ng —i,np—j)° ,
i=0j=0
N M - - - -
e(ny,np) =d(ng,ny) =y(ny,np) =d(ng,np) = % > h(i,j)x(ng =i,np=j),

i=0j=0
where e(ny, n,) isthe error signal, d(ny, n,) isasignal containing the initial image and the interference noise.
The Koshy method is based on the following formula:

[h(l,m)] +1= [h(L, M) —t OV (I, M) @
where the parameter 1 determines speed and stability of adapting process. It is obtained from next formula
Ki1Ks
> >e(m —i,np—j) (i)
o
Ki1Kz ’

> > [f6.0]°
P

tk:

fA,N)=5>>>x(m-i=lny;=j-mOV(,m).
i jIm
Substituting values of the function V(n,, n,) gradient in (1), we obtain the formula of the Koshy method:
Kl K2 . . . .
[h(,M)] geq=[n(M)] (+2t Y 5 e(ny —i.ny=j) x(ng =1 =i,ny—m=j).
i=0j =0
Quantization of weight coefficient is made by the next formula
QLM m) k+1] = QI m) k] +
Kl K2 . - . - .
+Q[2ty 3 > e(n —i,ny—j) x(n —I-i,ny—m-j)]
i=0j =0
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3. Quantization effects

Let's introduce the account of effects of a final word length of weight filter coefficients. On fig.1 the
dependencies of the signal noise ratio on filter's output from number of bits for two-dimensional gradient algorithm
and for fastest gradient regression algorithm are represented. The rounding quantization was used.

052 046

048
044

044 043

042
04

041

Fig. 1. Dependence of the signal noise ratio on filter's output from number of bitsfor gradient of algorithm
(left), for fastest gradient regression algorithm (right)(rounding quantization)

From represented dependencies we can make a conclusion, that gradient algorithm has some advantage on a
comparison with fastest gradient regression algorithm by quantization of weight coefficients of the adaptive filter.
Cause of it that the parameter accountable for a convergence velocity and accuracy of at fastest gradient regression
algorithm is evaluated from instantaneous values of the working function gradient, which is not exactly equa to goa
function.

4. Conclusion

The two-dimensional fastest gradient regression algorithm based on the Koshy method is designed. It is
intended for optimization of digital filter coefficients and allows to decide the problems with the quadratic goa
functions. This method has high stability by searching of the optimum vector of filter weight coefficients at any initial
values. Also it allows essentially to reduce a value of the goa function at moving from points located on significant
distances from avalley.

The account of quantization effects of arithmetical operationsin a digital filter is performed. The model with
multiplicative quantization is used which takes into account only quantization of results of multiplying of filter
coefficients on corresponding samples and does not take into account the quantization of accumulation results.
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