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To6ynoBa mapaMeTpHYHHX MOJENeH NepioaudHO
KOpensoBaHMX  BHmaakoBux npomecie  (ITKBII)
GasyeTscs Ha iX Mpe/ICTABIICHH] Y BHIIAAI CTALIOHAPHAX
CraljioHapHo  3B’s3aHMX  mpomecis.  Hamaroum
cranjoHapHuM nponecam, mo ¢opmyiors ITKBII,
Pi3HOro BUIIAY, OTPHMYIOTECA YACTKOBi IapaMeTpHIHi
mozeni. B ponmoBigi posrnsHYTO — KOpensmiimi
BJIACTHBOCTI HAHOLIBII MOMMpEHHX mNapaMeTPHIHHX
mozeneif IIKBII - anuTHBHOI, MyJBTHIUIKATHBHOI Ta
kBazpatypHoi. Ha OCHOBI KOMIIOHEHTHOTO METOXY
OI[HIOBAHHSA XapAKTEPHCTHK Apyroro mopsaxy ITKBII,
AOCHI/DKEHO TMOKa3HHKH SAKOCTI JUIi  HAaBeJeHUX
mozeneii. Ha oOcCHOBi TpoBeleHHMX AOCHIIKEeHH
3aNpONOHOBAaHO PEKOMEHJalii 1o BHOOPY OCHOBHHX
napamerpis 06poOkH - 3aNEXHOCTI TOYKH YCiYeHHS
KOpelorpaMH BiA MOBXHHH peanmizamii. ITposeneno
NOpiBHANBHHI aHAN3 OTPHMAaHMX pe3YJIBTAaTiB 3
pe3yJIbTaTaMH OIiHIOBAHHSA 32 KOTePEHTHHAM METO/I0OM.

- BCTYII

Anani3 OIIHOK iMOBIDHICHMX XapaKTepHCTHK Ha
OCHOBIi napaMeTpHIHHMX 300pakeHb Ma€ 3a MeTy
3HAXO/KEHHA NOKA3HUKIB AKOCTI CTATHCTHIHOI 06pobkn
pAiB, IO ONMCYIOTBCS NEBHEMH MNapaMeTPHYHHMH
MojiensMy. BUIBINCTE CTOXACTHYHMX NpOLECIB MOXHA
cupofysat  KmacHQiKyBaTH 3a  BIACTHBOCTAMH
MaTeMaTHYHOI0 CNofiBaHHA, KopensniiiHoi ¢yHkmii abo
CHOEKTpaNbHOI TIYCTHHH, a TaKOX IX KOMIIOHEHTIB.
Mopens xomiBans y Burisai [TKBIT nossonse noennata
CTAaliOHapHMM MAXiJ A0 ONMCY NPHPOJHIX SBHIN 3
mgxomoM, mo Galyerhcd Ha  BHKOPHCTaHHI
AerepMinoBaHMX (yHKIiN. JloCHiKeHHsS BIACTHBOCTEH
dismaHOrO CHrHAMy HeOGXiJHO MOYMHATH 3 BiXHECEHHN
fioro 10 mesHOro mapamerpuuHOro Kiacy. Ilepexix o
MOJEJBHOr0  NapaMeTpHYHOr0  ONHMCY  CHTHAIIB
3aificHioeTeca Ha OcHOBi mpencraienns ITKBIT gepes
CTaliOHapHi CTAaiOHAPHO NOB’ A3aHi KOMIOHEHTH [1]

2z
A1) = Ezg(t)eu? y (1)

Haknajialous neBni yMOBH HA BHIJI CTALOHAPHHX
npouecis &, (f) , oTpAMyIOTECA YacTkOBi Mozemi ITKBIL
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1. CroxacTHYHA NapaMeTpHYIHA
crpykrypa IIKBII

1.1. sxmo nokmacru &(f)=a, +n(f), ne

a, =const, 1(f)- HexopemsoBami cramiomapmi

TIPOIIECH, TO OTPHMAEMO ATMTHBHY MOJIETH
2% 2
A1) = Zakeﬂr s Zr;,,(t)eu E. =fD+n)). @
keZ keZ

B cmty HexopemsoBaHocTi 7, (7) mu,'ncix nz0,
MaTeMaTHIHe CHOMNiBaHHS Ta KOpensuiiHa ¢ysxmis

Mozeni (2) MaroTs BAISA;

2x
E&?) = mlr) = émkeu?‘, m, =a, +En()=a, +b,

2x
Blt,u) = ED,J(u)e_ﬂTu-R,,(u)=Bo(u), ®)

10610 KOpenamiiina ¢ymxuis (3) amwTuBHOI Mozeni €
KOpenAi#fHoK (YHKIIEI0 CTAliOHAPHOTO BHIIAJKOBOIO

mpomecy (t) i omHCyetsca JHMme HymEOBEM
KOpeJIifiHAM KOMIIOHEHTOM poskiany B pax Pyp’e [2].
3 e
BBomsan npejcTaBieHHs n,(t)=5[;7, (t)—m;’(t)],
aBTOKOpeNANiliHy (ymknilo npomecy 7;(f) Moxma
MPeCTAaBHTH Y BHIJIAMI

Dy,(@)= 5[ D5 )+ D3+ { 5@ - D5 ]}
Tlospawaoun gepes P7(u) i Njj(u)- napmy i
HenapHy 9acTuHy posknany Dy (u) i
{Dﬁ(u) = 5 (w)+ Vi3 (w),
Djj(u) = R7 (u) - Nij(u),
OTPHMAaEMO HACTynHY GopMyny mis KopensuidHol
Gynkuii agaTHBHOT MOzeT
By(u) = R, (u) = + D& (u)+
+ 2| Df5 (u) coslwgu + N5 (u) sin lwou].
IeN

@

Heranizania npeacrasneHns (4) Bike 3aNeXuTh BiJl
BHI/IT aBTOKOpensmiinmx Qymxnis Dy ;(u) .



1.2. Ioxnasmm y dopmyi (1) & = a,7(t) , oTpaMaemo
MYNETHILTIKATHBHY Mogem,

A= q(I)Zake T
Maremamqne CIIO/TiBAHHSA
2z
E(;(t)=m(t)= kaeik Tt, my =akE'Kt)-
keZ

Posrnsmemo xopensuiiay ¢yHkuio mozeni (5)

Bt,u) =B &{1) &t +u) = () (t+u)R, (1)

ITpeacraBumo:
I-”ZE, — —iig-{u
fOfG+w)=2e T\ Xy me T |,
neZ IeZ

TOZI KOpeJIALiHHI KOMIIOHEHTH BUITIIATAMYTH TaK:
2z

— =il—u
B,(u)= R,?(u)me,m,e Ty
leZ

= m{6) £ 2). )

BBaiBm# npeacTaBIeHHS

By(u) = 5 [B5(w) - B3}, Bofu) = %Bg(u),

My = %["‘:H —inz,‘,+,], m = %["’f +"’"f]s my = %”’3,

OTpHMaEMo
B, 1) = B(w)+ Y. [B,f(u) cos nayt + B: (u) sin nmot],
neZ 2”
a="r,
/e KOpe/ALiiHi KOMIIOHEHTH MAIOTh BHITIAL;

By(u)=14R (u)Z[m,

=12 R, (u)| m; +1/2Z[m,

(6

)2]cosla)ou=

m,’ )zlooslwou

Bi(u)=1/2 R,,(u)Z[ m,,mi +my,,m )cos layu +
+ (ml+nml i ml+nml )sm I%u

Bi) = /2 R () 2. (s, i, ,m ) cos lan +
+(m,"+,,mf+m,"+,,m;' sin lwyu
Ilopansma geranizanis xopensuiiHoi cTpykrypu (6)
MYJIbTUIUTIKATHBHOI MOJIE/i 3aJIeXHTh SK BiJl BHIJIATY
dymxuii f(7), tax i Bin BmacTMBOCTE# KopemsugiiHOi
¢ymenii R, () crawionaproro npouecy 7(t) [3).
1.3. PosrnsHemo rapMOHiuHe KOIMBAHHS
0= )™ + e ©
fKe Mae HasBy KBauparypuoi mogemi. Tyr (t)
crauioHapHuif BHmankoBMii mpomec. Bmpas (7)
OTPHUMYETBCA i3  3araJjbHOr0  IAPaMETPHIHOIO
npencrasnenas (1), xoma k=-11, i moxe Gyrn
3aMMCaHKH B iHAKINOMY BHIJIA[I
&(t) = &(t) cosayt + &°(¢)sinwyt.
Tomi

m(t) = B&(1) = E&° (1) coswyt + E&(t)sinagt
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100T0 MaTemMaTHYHE CHOAIBAHHA CKIAJAETECA 3
KOMIIOHEHT m_; i my:

1 ) 1 » s
my = E[mf — im] ] = E[Efc(t) —iE& (t)], m,=m.
Kopensuiiiai KOMIIOHEHTH MalOTh TAKHIH BHTJIA:

By(u) = 1/22[[[) &g+D ((1;) sma;)ou+
U,

B5(u)=1/2 ((4 wou+
+1/ +D,c u sin @y u,

B3 (u) = 1/2 ()= D, (u)sin o u+

2| D, (u)+ D ()] cos wqu.

BHCHOBKH

JUis  HaBeeHMX MOJIENIBHEX MPEACTABIEHb, SK
TOKAa3HMK SKOCTi OIHIOBAHHA PO3IVIANAIMCH BiJHOCHE

3MiIeHHs 5[5(:, u)]/ﬁ(t, u) Ta BimHOCHAa mHcHepCis

ofB(t,u)|/b(t,u) .

Ilpn HacTymaux napamerpax o6poOkm: mucnepcii
D=1, nexpementy 3aryxamms o=0.1, mnepiomy
KopensoBaHocTi T=12 Ta nopxuHu peanizauii K=10000,
OTPHMaHi pE3yNbTaTH JO3BOIAIOTH PEKOMEHAYBATH
BHOIp MaKCHMAJBHOTO 3CYBY Ii AJMTHBHOI MOJemi
TaKuM, IO HE NepeBrInye Benuauam u=24 s K=1024 i
u=35 g K=10000. (4

PO3rIITHEMO YaCTKOBHIA BHITAIOK MY/TbTHIUTKATHBHOL
Mojieni, KoM BiAMiHHI Bil Hyms Jmme a_; =a, =1/2,
mo sianosinae sananxy f(f) = coswyt . o pesynsrarax
obaHCIeHs e{E(t,u)l/E(t, u), SK i y BHIAJKy agHTHBHOL
MoJenmi, WA OoTpuMaHHA mnoxubku g0 100% MoxHa
pexoMenaysatH mia o<1, T=12 Tta K=10000
MaKCHManbHMA 3CyB BHOMpaTH ., =10. Ilpu
nopxunm peamizamii K=1024, obnacts mocrosipmocti
Wi KopenAnidHoi QYHKIIT CKOPOYYEThCH 0 3HAYCHHS
MaKCHMAIBHOIO 3CyBY, PiBHOTO %, =5.

Jns xBaxpatypHOi MOZeNi NOTYXHICTe KOJHBaHB
KopensuiiHoi Qymxuii 3i 36iTbmeHHsmM 3cyBy 3racae,
NpoTe MBHAKICTh 3aHWKAHHA OMHKA KOpEIAIiHHOT
¢yHxnii Ha MOpANOK BHMINA, TOMY NPH BHIIE BKA3aHHX
napameTpax 00po6ku, 100%-#a moxmbka pesynabraty
HOCATAETECA NPH 3HAYCHHI 3CYBY U, =8.
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y3arajibHeHi KOH’ IOHKTHBHI ePEeTBOPEHHA IHCKPETHHX
CHIHAJIIB Ta iX 3aCTOCYBaAHHSA

MHY i.A., TPOPHMIIOK 0.T.

VKrOpOACHKHIi JepxaBHHil YHIBEpCHTET

BBoaATECA B pPOrisA Tak 3BaHi Y3araJbHEHI KO-
H'IOHKTHBHI NEPETBOPEHHA MMCKPECTHHX CHTHAIB, po3r-
NANAIOTHCA OCHOBHI BJIACTHBOCTI IHX NMEPETBOPEHS, A Ta-
KOXK JesKi 3 MOMNJIMBHX iX 3aCTOCYBaHb B TeEOpii
GynpoBHX (yHKIH.

Zy={01}, Z§={a=
(al,az,...,a,,)la,- €Z2}-Mnoxaman-micm|x

Hexaii

Oy/IL0BHX BEKTOPIB.

EneMEHTapHOIO KOH'IOHKINEI0, YTBOPEHOK i3
Gymosux smimmmx X |, X,,..., X, , 6ynemo 3a
03HAYCHHAM HA3HBATH BHPA3

o a @ a,
RE =(XDA(X)5..(X,)
ne 5,E €Zy, a
:;: X, akmo 6= O’
X,akmo o6 =1
Yo 1, axmo 6 = 0
X,axkmod =1
BBeeMo B po3risa MaTpHI

el Lol
on B %

~ n
Bexrop a=(a1,a2,...,a,,)eZz
nopopxkye marpumo  K; = K, ® K, ®.Q9K, |

ne ®- crmeon onepauii KpPOHEKepPiBCHKOTO JOOYTKy
MATpHIb.

Marpumo K & OyAcMO HA3MBAaTH MATDHUEIO
Y3araabHEHOTO KOH IOHKTHBHOTO NEPETBOPCHHA AUCKPET-
HUX CHTHAJIIB 3 MiTKOIO O .

OcHoBHi BracTHBOCTI MaTpa K &

, K 7 - HEBHDO/DKEHA MATPHIA NOPAKy 2° , mpHyoMy
detK - e L.
-1 _ -1 -1 -1
2 Kg =K, ® K, ®.9QK,
3. Hag monem GF(2) marpuma K & ObepHena cama
cobi.
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4. B 8-my crosmu marpuni K & TOMImEHI 3HAYCHHA
€JIEMEHTAPHOI i i RE

pHOI  KOH IOHKIi 5 Ha enemeHrax

MHOXHHH Z;, ne 6 €{0],..,2"—1}- nomep

Oyns0BOrO  BEKTOpA g=(51,52:---,5n),

E=g@g=593, @D - cumson onepauii
TIOKOMIIOHEHTHOTO JIONABAHHA OyJLOBHX BEKTOPIB IO
mod2, a@=(a@,,a,,...,a,) i

5~ =(C§1,(§2,...,gn)- OymboBi  BexTOpH

BLITIOBIAHO MPOTHJICHKHI BEKTOPAM ai 5 A

5. Marpuus K; samac Ginapue BLIHOMEHNS 4ACTKO-
BOTO MOPAAKY < 5 HA MHOXHHI Zg . Beaxaemo,
1O BEKTOPH ﬁ ,g €Z) 3MAXONATECA Y BiHOMEH-
Hi E - g Tomi, kom g cix I =12,....n
suxonylorscs ymosr: [, < J;, mmo @; =1 i
i 26;,mmo a; = 0.

BignomenHs nonepeaHrka [2] Ha MHOXHHI < ;

- ue simromenns < g ana & = (L,1,...,1).

6. Marpuio K & MOXHA NpPEACTABHTH Y BHII 3BHyaii-
HOTO MaTPHYHOro JAOOYTKy N crab0o3anoBHEHMX MATPHIb

F,,(O) Ta Fn(l) nopamxy 2" , ne

[110000...00
001100...00

£ o 000000...11
MGEIROTY 1 \OFODY. 070

000100...00

1000000...01
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[100000...00
001000...00
gy _ | 000000..01
" T 1110000...00
001100...00

(000000...11
7. Marpuus K n KOH'IOHKTHBHOIO MEPETBOPEHHA

JHCKpPEeTHHX CHrHaniB [1] - me Marpuos Kﬁmm

& =(11,...,)
Shamo f=(fO’fl>"-:f2ﬂ_1)T' ZHCK-

o . . 7N
PEeTHHIH CHTHAJ, BH3HAYCHHH HA MHOMHHI 22 , T0bTO

Je f(g), T0 Marprmmii nobyrox K 5 f Gyze-
MO HA3MBATH Yy3arajibHCHHM KOH IOHKTHBHHM IIEDETBO-
PCHHAM CHTHAJTY f 3 miTROWO O .

K5 f srimmo opmym
Kaf = R (E™.(F*f).) o

HA3WBACTHCA INBHAKHM Y3arajJlbHCHHM KOH FOHKTHBHHUM
NEPETBOPEHHAM f 3 MiTkOKO OF .
DopManbHHI BHpa3 BHIY

2n-1 o
> eb5 ®R§ )

o=0
ne @, & - BiamoBigHO CHMBONH onepanii NOAABAHEA i
suokermano MOd 2, bs €Z,,, Gynemo nasusaru

OGuHCICHHS

(/- KAHOHIYHMM IOJIHOMOM, TOOYIOBAHHM i3 3MiHHHX
X, X, X,
TMonisoMm (2) HABHBAETHCA (- KAHORIMHEM MO
6ympoBoi ynxuii
F
2 =(f0,f1,...,f2,,_1) , SKMO BiH 3a83€ WO
(dynxuio.

Ha ocuosi BiacruBocreii matpuui K, Bexrop

HOMOM

b= (bo,bl,...,bz,,_l) KOEIIERTIB Of- KAHOHiY-
HOro mnomiHoMy OynboBoi QyHKi f 3HAXOMMTBCA i3
piBHOCTI

b=K;Q® f 3)

AHANOriYHO O3HAYCHHIO MOHOTOHHOI OyaBOBOT

(ysxuwi [21, 6yasoBy Gynxuio
f=(fo,f},---,f,-_l)T OyneMO HazuBaTH

o -  MOHOTOHHOK), AKIO JAN9  JOBUIBHHX
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ﬁ,gezf, TakHX Mo 545 o
ywoea f(B)< f(5).
s 6y 160801 bynxmii

f=(fl’f2"":f2ﬂ_l)T noOyayeMo  BEKTOp

(Kaf)°((K£~l)Tf), e © - CHMBOJ omepaii
TIOKOMIIOHEHTHOIO A00YTKY BEKTOPIB,
Teopema 1. BymsoBa QyHxuis

T —
f=(f1,f2,---,f2n_l) € ( - MOHOTOHHOK
TOZI i TUTBKH TOAI, KoM (¥ -Ba KOMIIOHEHTAa BEKTOPA

(Kz/)e(KZ)' 1) @
nopisaioe Hopmi Xemimra (yHxuii f , 4 BCi iHmi
KOMIIO-HEHTH I(OTO BEKTOPA JOPiBHIOKOTH 0.

PosrnsHemo ( - KAHOHIYHMH MONIHOM, SKMM

BHKOHY€ETBCA

3a/I0BLIbHAE YMOBY () = 0 i Buxonaemo B (2) dop-

MAJIbHY 3aMiHy CHMBOJY €@ ma cumson Vv . Orpumaemo
nesxy JH®, mnoOynosany i3 OymbOBHX 3MIHHHX
X1,X5,...,X,, axy 6ynemo nasuearu & - moni-
HOMianmsHOIO JTHD. 5

~

IMo6ynorana Ha OCHOBI (¥ - KAHOHIYHOrO NOJi-
HOMy OymboBOi (yHKiii f(Xl,Xz,...,Xn) a-
noniHoMianbHa JJH® re saxmu € JTHD miei ¢ynxmi.

Teopema 2[3]. [ToGynoBana Ha oCHOBI O - Ka-
HOHIYHOrO noiHOMY GymsoBoi (ymkwii f O - momiso-
miamsHa JIH®, Toxi i Tinekn tomi € JH® wiei (ynxuii,
xom ¢ymkuis [ € O - MOHOTOHHOIO.

B O - nominoMianeiy JH® koxkHA 3MiHHA

v, j BXONHTH IHme 3 3anepeycHHsM abo mame Ge3

3anepeyen-ua. TOMy, BAKOHABIIH B O - NOTiHOMiaNbHik
JH® Oy-msoBoi  (yHkuii f BCi eneMeHTapHi
NOrnMHAHHA [2], oTpuMyemo ckopoueHy JH® wiei
bysKui.

Teopema 3[3]. Cxopouena JJH® O -MOHOTOH-
Hol OymboBoi QyHkuii € eaumHoWw MiHiMameHOKW JHO®
i€l (yHxuii.
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Anomayia. Y poboTi po3rinsfaETbcs MOXIHMBICTh
CHHTE3y TIeHepaTOpiB HeraycciBCbKMX BHIAIKOBHX
BENIMYMH 3 TMEBHUMHM 3Ha4YeHHAMHM KoedilieHTIB
acuMeTpii Ta ekcuecy. 3amnpoNOHOBaHi MeETOOHU
¢$opMyBaHHA IIyKaHOI BUOipKkH 6a3yl0ThCH Ha OCHOBI
BHKOpHCTaHHA BiraycciBcbkoi BUMaZAKOBOI BETHYUHH.

BCTVYII

Ilpobnema  iMiTawiiHOrO  MOMETIOBAaHHA €
AKTyaJIbHOIO JUIs Pi3HOMaHITHHX ramy3ed
craTHCTH4YHOI 00poOkK iHdopmanii. Ilpu ubomy
GinpuricTh  iCHYIOYHMX METOHIB OPIEHTOBAHO Ha
reHepalil0 BMMNAJKOBHX BEIHYHH 3 IEBHHUMH
3aKOHaMH PO3MOAiIY HMOBIPHOCTEH.

BimzHaunMo, mo npu BUpimeHHi OGinbmwocti
NPUKIAZHUX CTOXAaCTHMYHHMX 3aJay, peajibHi 3aBaau
anpoKCHMYIOTHCA HOPMAalbHHM 3aKOHOM PO3MOZINY
fimoBipHocTel. Taxwii miaxix [mo3Bonde 3HAYHY
YaCTHHY MOCHIIKEHb 3MiHCHIOBATH aAHANITHYHUMH
METOJAaMH, LIO CYTTEBO MifABHILYE iX €(PEeKTHBHICTH
[1]. Illnpoxe po3NOBCIOUKEHHS raycCiBCbKHX 3aKOHiB
pO3MOMiNYy CNPHYMHEHE CaMeé MPOCTOTOI IXHBOIO
3aCTOCYBaHHA, 3apafii SIKOTO JOMYCKAETbCH MAesAKe
NOripiIeHHs  BiANOBIOHOCTI  MPHHHATOI  MoZeni
peanbHMM mpouecaM. Jlns 3MEHINEHHA LbOTO
NpOTHpiY4A B HaHid poOoTi mponoHyeTbcs cnocib
AHANITHYHOTO OMKCY EMIIPUYHUX OJHOBHMipHHX
WiTBHOCTI HWMOBIPHOCTI 3a IOMOMOTO0I0
Giraycciscbkoi  winbHOCTI  posmominy.  Takwmii
posnofin Bonoxie OiNbIIMM YHCIOM NapameTpiB
MNOPIiBHAHO i3 3BUYAHHUM TayCCiBCbKHM 3aKOHOM, LIO
Ho3BoNse Oimbll TOYHO ANPOKCHMYBAaTH L€
MaTeMaTHYHOIO MOJEIUII0 pealibHi  HeraycciBCbKi
3aBajiu

1. TEOPETHUYHI BIIOMOCTI

Ilpu momemroBaHHI HeraycciBCbKHMX BHITaJKOBHX
BEIMYMH OJIHMM i3 PO3MOBCIOJUKEHHX MigXOAiB €
KyCKOBO-HOpMaibHa  anpoKCcUMalis  MiIbHOCTI
po3noAiny HMOBIPHOCTEH, IO A03BOJAE BapiloBaTH

TOCTPOBEPIIMHHICTIO LiJIbHOCTEH (3MiHIOBaTH
koeddiuieHT excueccy), a TaKOX MNPUAABATH iM
BIIACTHBICTh HECHMETPUYHOCTI (3MiHIOBaTH

xoeddiuienT acumerpii) [2]. IIpoTe npu 3acTocyBaHHi
TAKOro migxoay HeoOXigHe poO3B’A3aHHA JOCTaTHbO
CKJIaZIHHX anpOKCHMAllIHHHX 3a/1a4.

JlocuTb 4acTo NpM JOCHIIKEHHI HeraycciBCbKHX
BUMAJIKOBUX BEIMYHH 3PYYHMM € IX ONHC He
WiNBLHICTIO PO3MOALTY, a KiHLEBOKI MOCIHiZOBHICTIO
MOMEHTIB 4H kyMynsHTiB [3]. Tomy anroputmu, 1o
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NPOTOHYIOTHCA, 3MaTHI (OpPMYBaTH HerayciBCbKi
BHIAAKOBI BENMYMHH 3 MEBHHUMH KYMYJIAHTHUMH
koedinieHTaMu BUIMX nopaakiB. IIpuHUMN LBOTroO
¢GopmyBaHHs nonArae y nponopuiiHoMy 3MilnyBaHHi
BUOIDKOBHX 3Ha4eHb, IO MOXYTb TIe€HEPyBaTHCH
Pi3HOMAHITHUMM CTaHAAPTHUMU TEHEpaTOpaMHu 3

PO3paxyHKOBMMH  NapaMeTpaMH  TaycCiBCbKOTO
po3mnoniny iWMOBIpHOCTEIA.
2. IOCTAHOBKA 3AJTAYI

PosrngaHemMo BHMaAKoBy BeMHuYMHY £ sKka Mae
GiraycciBcbKy MINBHICTD PO3NOAINY

it J—*"{ Ea

- e (x ~,) }» :
1/21:02 20;

Jie & - KOHCTaHTa, AKa MpHUiIMae 3Ha4YeHHA B iHTepBai
[0;11, t,, 1,, of i o) - napamerpu Girayciscbkoi
WiTbHICTH PO3MOITY.

HeobximHo nocHimMTH XapakTep 3alIeXHOCTI
BEIUYMHHU KYMYJISHTHUX xoednmemm BiJl
napaMeTpiB OiraycciBCbKOro po3MOAiny, a TaKoX
BCTAHOBHMTH 3B 30K MiXK HUMH.

(M

3. OCHOBHI PO3PAXYHKOBI
POPMYJIN

Jlerko moka3aTH, WO MEPIUi YOTHPH KYMYJISHTH
BUMA[KOBOI BEJMYHMHM 3 [IUIBHICTIO PpO3NOALTY
HMoBipHOCcTe#i Buay (1) B 3araabHOMY BHHAIKY
ONUCYIOThCA BUPA3aMH

% =01, +(1-8)1,,

X2 = 8(1-8)(r, - 1,)" + 802 +(1-8)o?,
x,—S(I 8)(1-28)(x, -7,)" +

( 5)(1:,—12)(0',—c§),

o =8(1-8)(1-65+687 (v, -7,)" +

+66(l—6)(l—25)('r, -1,)"(o1 -03)+ )]

+35(1-8)(o? —02)". 3

3 HaBelEHHX CHiBBiIHOLIEHb BMJHO, IO [pH
1,=1, i o] =0}, npn §=0 abo §=1 winbHicTs

posnoxiny OiraycciBcbkoi BHNAZKOBOI BETHMYMHH &
CTa€ raycCiBCbKOIO, 3 KYMYJISHTH BUIIe 3-TO MOPAAKY
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CTAKOTb PiIBHUMH HYJIO.

3 opepxaHWX CHiBBiHOLIEHL TAKOX OYEBHAHO,
[0 KYMYJISHTH, BHLLE APYTOrO MOPAAKY, 32JIeXaTh He
CTiNbKH Bifl NapaMeTpiB T, Ta T, , CKiJBbKK BiJ iXHbOT
pizHuLi T, -T,, @ NOYHHAIOYH 3 TPETHOTO MOPAIKY
3a;mexarTh i Big pisHuuUi napamerpiB o] -o;. OTxe
MOXHa 3poOMTH BMCHOBOK, WO OiraycciBcbki
BHMAJKOBI BEIMYMHHM, AKi MAKOTh OJHAKOBY Pi3HHLIO
mapaMeTpis  T,-1, | O —03, OINHCYIOTbCA
OIHAKOBOIO MHOCHIZOBHICTIO KyMYNAHTIB  BMIIMX
NOPAIKIB.

4, OTPUMAHI PE3YJIbTATH

Jlna  cnpomeHHs NOAANbLIXX  PO3PaXyHKiB,
HETMOPYILYIOUH 3arajlbHHX CIHiBBiIHOWIEHb, MOXEMO
npuituaty 1, =0 Ta o,=1. Toni ¢opmyan (2)
MOJKHA 3aMUCaTH Y BULTIAAI
X, = ot x: ={1-8)(8c* +1)+ 80’

%5 =8(1-8)(1-26)7* + 381(1-8)(c” - 1),
1, =8(1-8)(1-65+65)r* +651°(1-5}
x(1-28)(o? ~1)+35(1-8){c* - 1)".

3ayBaxKMoO, 1110 BENHYHHY MaTOYiKyBaHHA MOXHa
3MiHIOBATH IINAXOM JIOHABAHHA NMEBHOT KOHCTAHTH IO
OTDHMYBAHHX BUOIDKOBHX 3HaueHb. TaKBUM YHHOM,
i GopMyBaHHS BHIAAKOBO! BEJMYHHH 3 3aJaHHMH
KyMyasHTaMu (X, . X, Ta X,), HEOOXiZHO pPO3B’A3aTH
CHCTEMY 3 TPbOX HENiHIMHHX PiBHAHL 3 TpbMa
HepitoMuMHu (1, o Ta &). /le 3Ha4eHHd napamerpa
& BKasye Ha TNPOMOPUIHHICTE BHECKY BHOIDKOBHX
3HayeHb, CPOPMOBAHUX TIEPUIHM  CTAHAAPTHHM
FEHEPATOPOM HOPMaTbHMX BHMAAKOBHX BENHYHH B
wykaHy BUGipKy.

Ha npaxruui, Oinpll 3pyYHHM € BHKODHCTAHHA
KYMYISHTHHX KoedilieHTis y,, s#aki 3B'a3aHi 3

&)

KYMYJISHT2MM CTIiBBiIHOWIERHAM ¥, = X, X" [4].

Hagpenemo nesKi rpadikn 3aJIEKHOCTI
KyMYJISHTHHUX KoedillieHTiB y, Ta y, Bil MapaMmeTpis
8,tia.

3
'}’3 T e
2 7~ —=
s g =t
1 - f’/-’g_‘
i
o o V4
/)
_.1 - 'l
ﬂ___--’ -—'"'/(-‘,
L4
- =
-1l5 -—lo -3 &) 5 10 T 15
— sigma=0.1 — sigma=2
-~  sigma=l - - sigma=35

Puc.l I'padix 3anexHocti koedinienta acumerpii v,
Bil mapaMeTpa T
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Ha puc.l,2 300paxeni rpadiku 3anexHocrei
KYMYJAHTHHX KoedillieHTiB y, i y, BiA napaMerpy t
npu ¢ikcoBaHomy mnapamerpi 6=0.2 | pizHux
6=0.1,1,2,5. 3 naBegeHux rpadikiB Gayumo, MO
KYMYJIAHTHHH KoeillieHT y, € HenmapHow (yHKLiew
napaMerpa T, a KyMYJSHTHHH koediuient vy, -
NapHOIO (QYHKLIEHO.

10
'r‘* T
8 5
¢ \
6 ] <
/ \
4 + ~
" ~
2 - r .’\\1.‘ S -
I g A ~
o PR R TS
—2
—15 —10 =5 0 5 10 < 15
— sigma=0.1 sigma=2
-~  sigma=1 - - sigma=3

Puc.2 I'padik 3anexHocTi koedillieHTa excuecy ¥,
BiR napamerpa T "

BUCHOBKHU
1. Npouec ¢opmyBaHHa BHUOIPKOBHX  3HAYEHb
HeraycciBcbxoi BEJIMYHHH 3 WYKaHUMH
KYMYJISHTHHMH KoedilieHTaMM  BiApi3HAETbLCH
ANTOPHTMIYHOIO TA TEXHIYHOIO MPOCTOTOM.
2. uanasoH BapilOBaHHA BEIMYHHAMHU
KYMYJIAHTHUX  koeddilicHTIB  acuMmeTpil Ta

exciecy Moxe 6yTH IOCHTb 3HaYHUM,

3. Meton bopmyBaHHS HeraycciBCbKHX BUNAIKOBHX
BEJIHYMH 3 3alaHUMH KoedilieHTaMu acuMeTpil Ta
€KCLECY MOXHA PO3MOBCIONHWTH i Ha KYMYIAHTH
BMIUMX TIOPAZKIE, BUKODHCTOBYIOUM I LBLOTO
noniraycciBCchbKi BUNaaKosi BETHYNHH.
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Abstract

The novel nonlinear adaptive filters for processing
the signals corrupted with noise with nonstationary
characteristics are proposed and investigated. They are
based on iterative procedure assuming preliminary
filtering, Z-parameter calculation and analysis with
further adaptive selection of nonlinear filter parameters
for local processing of signals. It is shown that the
proposed adaptive approach provides a good trade-off of
filter properties: noise suppression and spike removal
ability combined with edge preservation property and
low level of residual dynamic errors.

1. INTRODUCTION

The sampled information processes or sequences of
measurements U(t) observed and registered in practice
are usually the nonstationary ones containing step and
ramp edges and other kinds of fragments like extrema,
constant level and increasing/decreasing parts, etc.
Besides, the noise or the measurement errors can also
have statistical characteristics varying in time i.e. be
non-stationary and non-gaussian. In such conditions
the known linear filters fail to perform well and only
nonlinear filtering algorithms can be applied [1].
However, the selection of a proper nonlinear filter is a
problem as well because its properties depend upon
many factors: filter type and scanning window length.
Moreover, the statistical and, especially dynamical
properties of nonlinear filters are analysed not
thoroughly enough and they often can not be described
analytically [1,2]. This is the reason of problems arising
in forecasting of the output signal behaviour in cases of
nonlinear filter application to noisy signals. So, first, the
analysis of several typical nonliner filter dynamic and
statistical characteristics is done. They are compared to
the corresponding characteristics of mean filter for
gaussian noise and the approximate dependences are
obtained.

The nonstationary characteristics of noise and
peculiar behaviour of information signal lead to
expedience of adaptive nonlinear filtering. The basic
idea is the local analysis of observed noise/signal
mixture properties and respective selection of nonlinear
filter type in order to ensure desired output
characteristics. Several methods have been analysed and
the corresponding recommendations concerning filter
local selection have been put forward. The designed
filters are, thus, locally-adaptive nonliner ones. They are
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based on Z-parameter and its modifications. The
efficiency of proposed techniques and algorithms is
confirmed by numerical simulation results.

2. SIGNAL/NOISE MODEL

The model of test signal S(t) included different
fragments: constatnt level signal, increasing/decreasing
parts, neighborhoods of extrema, step edge
neighborhoods of these fragment junction. It is shown in
Fig. 1,a. Every fragment contained 50 samples and it
was possible to analyse the filter output characteristics
separately for each fragment or to get integral
characteristics for any part.

It was supposed that the noise may contain the
additive (gaussian with zero mean and constant
variance), multiplicative (with mean equal’to unit and
signal-dependent variance) and impulsive components.
For this model the quantitative criterions both integral
and local ones have been introduced.

3. NONLINEAR FILTER
PROPERTY ANALYSIS

It was shown that for considered nonlinear filters
(standard median, Wilcoxon, Hodges-Lehman and o--
trimmed ones) the generalized expressions for
describing dynamical and statistical characteristics
could be got and they are derived using the expressions
for standard mean filter with the same scanning window
length. In particular, the dynamic errors of filter outputs
can be written as

AY=0.9-A', AB~0.85-A', A®~ 0.6-A" (1
where AY | A" | A% A' are the dynamical errors of
Wilcoxon, Hodges-Lehman, o-trimmed and mean
filters, respectively.

The statistical characteristics of filter outputs can be
approximately described in the following way

2
ok mohm 1.2;, =1.202, @
2
2 N g 3

a

where o2, , o’y , 0% , G4 arg the output signal

residual fluctuation variances for Wilcoxon, Hodges-
Lehman, o-trimmed and standard mean filters with
equal scanning window sizes N, respectively.

The exceptional situation is the presence of spike in
the scanning window current position. Its influence on
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output signal statistical characteristics has been
analysed numerically for different filter types, scanning
window sizes, noise variances and kinds of signals (in
particular, its slopes). It was shown that the minimal
integral output errors in case of spikes are provided by
standard median filter with small scanning window size.
That is why it can be recommended to be used in spike
neighborhoods for lomlly adaptive filters. However,
even better decision is the detection of spikes and their
elimination from further “consideration” before
processing. The main drawback of the standard median
filter is its very poor performance for rapidly increasing/
decreasing fragments of signal [2].

4. PROPOSED ADAPTIVE

NONLINEAR FILTERS
The proposed adaptive filters assume the calculation
of intermediate output  using nonadaptive nonlinear
filter (for example, the o-trimmed one with middle size
N, of scanning window). Then one or two Z-parameters
are to be derived as

z,= Swl-u) / S wi-u) @

2w zwgn(U’ ~U /N, |

-2

e 50,
0. %x=40, &)
-1,if x<0,

where U denotes the preliminary filter output signal,
Ui is the initial (input noisy signal), j and i are the
indices.

The adaptive filtering can be performed on basis of
separate and joint analysis of parameters Z and Z° .
Besides, it is possible to make smoothing of Z-parameter
and its additional analysis using quasirange Q; . Thus,
six variants of nonlinear adaptive filters was proposed
and considered. It was shown that the addition of Qz
analysis permits to detect edges while joint analysis of
parameters Z and Z° let to detect spikes. This “analysis”
assumes the comparison of the current values of Z, Z*
and Qz with predetermined thresholds and undertaking
decision on filter type and parameter selection on basis
of several unequations and decision strategy. The best
numerical simulation results have been obtained for
variant of adaptive filtering performing joint analysis of
Z, Z and Q; For all considered variants of additive,
multiplicative and impulsive noise characteristics it
provided the best or very close to the best integral MSE
in comparison to nonadaptive counterparts used as
components of adaptive algorithm (standard median
with N=5 and a-trimmed filters with N=9 and 13). The
numerical simulation results (Table data) for different

sign (x) =

40

noise situations are presented in the report confirming
this conclusion.

ﬂ ﬂa
L_,W”\ /\E

L 50 100 150 200 50 300 0 c

Fig.1. Simulation results: a)test signal, b)noisy test
signal, c)result of processing by adaptive nonlinear filter

The simulations were performed for wide set of noise
characteristics: additive noise variance was from 0.001
to 0.01, probability of spikes P varied from 0.0 to 0.03
and for mulﬁplicative noise relative variange
Oy =k (S(1))* parameter k, was within the limits
[0 001;0.01]. For case presented in Fig.1 (P=0.02,

6,=0.001, 5,=k (S(t))>, k,=0.001) the MSE value for
standard median filter 0.0031, for o-trimmed (N=9) we
got MSE=0.0042, for o-trimmed with N=13
MSE=0.0060 and for the best adaptive filter it was
0.0023. Local parameters of adaptive filter performance
can be a little bit worse than for the best component
filter because of errors in “situation recognition” based
on Z-parameter analysis.

CONCLUSIONS

It is shown that an adaptive approach and algorithms
of nonlinear filtering based on Z-parameter and
proposed iterative procedure are rather simple and
effective for wide variety of practical situations when the
statistical characteristics of noise and the properties of
signals are a priori unknown or one has restricted
information about them. Their main adavantage is that
they perform well for various types of fragments due to
local adaptivity, thus ensuring both good integral and
local characteristics (MSE and MAE).
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