AATOpUTMBI POOACTHOTO
OLIeHVIBaHVs CIIEeKTPaAbHBIX
XapaKTePUCTUK CUTHA/AOB U

1IX MCIIOAB30BaHUe.

ArodomumuieHko H.C.
6057/12



Cogeprxkanue

KAQccuyeckme METOAbI OLLEHUBAHMS CI'IeKTpCI/\bHOI;I
NMAOTHOCTH

[lpoLLeCC ABTOPErpeCCUm

PoBOACTHbIE METOABI OLLEHMBAHMSA CMEKTPAABHOM
NAOTHOCTM

[TOCTOHOBKQ 3AQAQYU

[ToeaAaraemble METOAbI OLLEHMBAHMS
CNEKTPAABHOM MAOTHOCTU

MoOAEAU 3ACOPEHUS
OKCMEPUMEHTDI
BbIBOADI y



Kaaccmueckme MeToAbI OIleHBAHU S

CIIEKTPaAbHOU IIA1OTHOCTU

e Mepuoaorpammesl *
B AOTP X(f):jx(t)e“z’”‘dt

—o0

Il
s L

X ()= [ x(t)e"> "t

N | =

S(f) = lim = E]| X, () [’

 KoppeAorpammsl (Teopema BruHepa-XmHYMHQ)

o0

S(f)= j R(t)e 2" dt

—o0



I Iponyecc aBToperpeccnn

P
. AR(p): X(t):;aix(t_i)"‘gt
* AR(2): X(t) = ax(t -1+ o, X(t — 2)+ ¢,

g ~N(0,0)




Kaaccmnmueckme MmeToAbI OILIeHMBAHILS

CIIEKTPaAbHON I1A0THOCTU: MeTOoZ [0aa-Yoakepa

~ n_k N —
OLEeHKA ABTOKOBAPMALMOHHOM > (X, - X)(X, — X,)
r _ =1

doyHKLMM: 3 0<k<l

n—k

o Cucrema ypasHeHMM KOAO-
YoAkepa:

L=l A0S 4O, sheibOT+C |

e OUeHKA CrneKkTPAAbHOM
NAOTHOCTU MOLLIHOCTM:

~2
O, ,
2 gs—

I
1-> a, exp(i2f)
j=1

FpadmK cnekTpanbHOM NAOTHOCTU MOLWHOCTHN

S(f)=




PoOacTHOCTD B CTaTUCTUKE

«robust» ¢ aaT.: CMABHBII, rpy61:1171, HaAe>KHBIU

e POBOACTHOCTb — YCTOMYMBOCTb CTATUCTUHE CKMX
NPOLEAYP K BO3MOXXHbIM OTKAOHEHMAM OT MPMHATbIX
MOAEAEN PACNPEAEAEHMM.

. HepoGGCTHoﬂ npoueaypa: MHK

:_le

X11 X21 og 'Xn u (1_ E )\I (X ,O,l)-l— gC (( 6 ), O< E K EI' T T T T T v T T

E_

« PobactHag npoueaypa: MHM
[Tukey(1960)],[Huber(1964, 198])]
[Hampel(1986)] f s

=1 100
1 1

i

X(k+1), n= X+1 "]
med{x} = . = e
{ X} X(k + 1;+ X(k) ’ n — 2k ACCHYSCEAT MEpHOTOT DA




PoOacTHbBIe TT0OAXOABI K OTIEHKE
CIIEKTpaAbHOU IIA0OTHOCTU

 ABYX3TAnNHbIE NPOLLEAYPbI:

1. NpeABApPUTEABHAR PODACTHAN OUABTPALMA —
YMCTKA MNPOLLECCA OT «3ACOPAOLLMX)Y AQHHbIX

2. [IpMMeEHEHMNE KAOCCUYECKMX METOAOB K

OYMLLLEHHBIM AQHHbIM
Kleiner, Martin (1979)].
‘Martin, Thomson (1982)],
HYeAnaHoBs 1 np. (1985)],
Tatum and Hurvich (1993)],

Dutter, Spangl (2008)].



[ locTtanoBka 3asauu:
ITONCK HepCHeKTI/IBHI)IX ITIOAXOA0B
K pOoOaCTHOMY OLIeHUBaHUIO

CIIEKTPaAbHOU IIAOTHOCTI

. POOACTHbIM BOPUMAHT MEPUMOAOTPAMM
. POOQCTHbLIM BOPUAHT KOPPEAOTPAMM

. PobacTtHbiM BAPUMAHT MeToAd KOAO-
YoAKkepa




Vcrioar3yemele
poOacTHBIE OLIEHKU

o [lapameTpa NoOAOXEHMUS: BbIDOPOYHAS MeAMAHA (med) KakK
POOACTHbIM AHAAOT BbIODOPOYHOTO CPEAHETO

e [MapameTpa macuwTaba:
0 MEAMAHA ADCOAIOTHbIX OTKAOHEHMM (MAD)
[Rousseeuw, 1984]

MAD(X,) = med(| X, —med(X,) ), eff =37%

0 FQn oueHka [CmmpHoB & LLeBaskos, 2010]

FON(X,) = MAD(X,)* (-2 =N2y ot _ 8106,
2
B K —u2/2 X, —med(X,)
2 = Qure 1T T MAD(X,)

KOK pOOACTHbIE OHAAOTM CPEAHEKBAAPATUHECKOTO OTKAOHEHMS



10

PoOacTHbIe TIeproAOTrpaMMBL:

MeaVaHHOe ITpeoOpa3oBanne Pypre

e OuUeHKa CrnekTPAAbHOU MAOTHOCTM:

S(f) = 2| Xe(1) +iXz ()]

e MeAMaHHOEe npeobpa3oBAHME PypbLE:
L
2
X;(f):Targminj X € )cos(Z ft }z dit
T
2

)?Ts(f):Targrr;in_z[ X €)sin(Z ft »z ¢t

2



PoOacTHbIe TIeproAOTrpaMMBL:

MeaVaHHOe ITpeoOpa3oBanne Pypre

 MHK: « MHM:
x;’(f):Tarng;in_[T X € )cos(Z ft )z *|dt )ZTC(f):Targrr;in_z[ IX € )cos(2 ft }z di
X?(f)=Targrr;ian x € )sin(Z ft )z *dt Xs(f):Targnginf X €)sin(z ft -z it

2 2

XE(f)=Tave{xcos(2Pi f),...x, cos(PiNf ) X(f)=T med{xcos(2Pi f),...x, cos(PiNf )

XS(f) =T ave{ xSin(2Pi f),...,x, SiN(Pi Nf )} X3(f) =T med{xsin(2Pi f),...,x, sin(Pi Nf )}

11 ° °



PobacTHbIe KOppeAOTrpaMMBI:
rpoueaypa baexmasHa- 1 p10kn

A T/2 R .
Se(f)= j R(t)e % dt

-T/2

e POOQACTHbIE OLLEHKM KOO DUMLIMEHTOB KOppeAdunm:
e MAD?(U) - MAD?*(V)
0o MAD ouLeHKa: 'OMAD( )_ MADZ(U)+ MADZ(\/)

o FQn oueHka: ,5,:Qn(k) = Egzz 23 ;; I;g:z((://;

_ X —med(X,) | K —med(X,) v o X —med(X,) X, —med(X,)

U

J2MAD(X,)  2MAD(X,) ~ J2MAD(X,)  v2MAD(X,)

12 o °



PobacTHeIN aHaAOT
MeToaa O0aa-Yoakepa

o Cucrtema ypasHeHUN KOAQ-YOAKEPA B MATPUYHOM

BUAE! | T, 2
h=a I, +0;
I I
R(rp)a =1,
e PobaAcCTHblEe OLLEHKM ABTOKOBAPMALIMOHHOM
OYHKLLMM:

0 MAD OLEHKA  fyyus(K) = Pyas (K) * MAD(X,) * MAD(X, )

0 FQn oLeHKa Feon (K) = Pron (K)* FQN( X)) * FQI( Xy

a2
O-e

S(f) =

0 OUEHKAO CrneKTPAAbHOM MAOTHOCTH

13

|
1-> a, exp(i24fj)
j=1 y

2



CTRDAntAER moTHOT

Moaeau 3acopeHnn:

e AMMAUTYAHAS MOAEAb 3ACOPEHM:

X(t) =, X(t —1) + o, X(t — 2)+ ¢,
g ~([@1-2)N(0,2+ &N (0,100

e MOAEAb {PA3AAAKMY - MACKMPYIOLLMKN 30

ole

DEKT.

X(t) =, X(t —1) + o, X(t — 2)+ ¢,




DKCIIEPUMEHT: MOAeAb 0e3 3aCOpeH s

Brioopka us 1024 »aemeHnTOB
Yucao skcriepumentos Monre-Kapao: 10

MpachMK CNeKTpanbHOW NNGTHOCTH

150
1

/lerenaa:

100
1

Metog 0aa-Yoakepa ¢ FQn oruenkon
Moaeab

CNekTpankHad NNOTHOCTh

50
1

] 5 2 YactoTa 2



DKCIIEPUMEHT: aMIIAUTYAHOE 3aCOpeHne

Bribopka 13 1024 saemeHnTOB

Yucao sxkcnepumentos Moure-Kapao: 10
Br1opocsr: 10%

120 140

MpaduKk cnekTpanLHONA NNOTHOCTM
/lerenaa:

Kaaccnueckast nepuogorpamma
| Moaeab

MY

0.0 01 0.2 0.3 0.4 0.5

100
I

an
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i3
40
I

20




DKCIIEPUMEHT: aMIIAUTYAHOE 3aCOpeHne

200

140

100

Brioopka us 1024 »aemeHTOB

Yucao skcriepumentos Monre-Kapao: 10
Briopocsr: 10%

MpadMK cneKTpankeHOM NNOTHOCTH

4

=

dn it ki bt

0.0 0

/lerenaa:

Metog 0aa-Yoakepa ¢ FQn oruenkon
Moaeab



':I'IEHTFIEJ'I bHEA NAOTHOCTh

DKCIIEPMMEHT: aMIIAUTYAHOE 3aCOpeHue

Bribopka 13 1024 s1emeHTOB.

Yucao sxkcriepumMentos Mounrte-Kapao: 10
Br16pocos: 45%

Mpacuk cNeKTpanbHON NNOTHOCTH

—o—'_'_'_'_'_'_._\_\_‘_\_\_‘_‘_\—

el A;‘MH.{MJIIH‘ Bagerd s An'lHJL,HMdM...

T T T T T T
0.0 01 02 03 0.4 05

Yacrota

/erenaa:

Metog I0aa-Yoakepa ¢ FQn onjenkon
Moaeap



I3I'IEH'I'|’.'IEIJ'I bHEA NAOTHOCTh

DKCIIePUMEHTHL: MOAEADb «pa3AaAKu»

Brioopka n3 1024 saeMeHTOB.
Uncao skcriepumentos Monre-Kapao: 10

MpadMK cneKTpankeHOM NNOTHOCTH

120 140
I I

100
I

/lerenaa:
Kaaccnueckas nepmnogorpamMma

80
I

G0

Moaeab

40

20

Yacrora



gooo 10000 12000

2000 4000 6000

o

BKCHepI/IMeHTI)I C peaabHbIMI AdHHDBIMU:

rozosble uyrcaa Boarda

pachuK CNeKTpaneHoM NMOTHOCTH

0.4

0.5

200 -

1504 ﬂ

100+

20 -

0

17bd - I+8b0 - Iigbb - IéObd

/erenaa:
Kaaccnueckas nepuogorpaMma

Metog I0aa-Yoakepa ¢ FQn onjenkon



BpIBOABI

1. PobacTHbit meToA KOAQ-YOAKEDPO OKA3ZAACH AYHLLIMM HA
MOAEAU ABTOPETPECCUN C 3ACOPEHUIMM

2. MeAMAHHA NEPUOAOTPAMMAO HOCAEAYET CBOMCTBO
YCTOMYUBOCTU BbIOOPOYHOU MEAMAHbBI K BbIDPOCAM

3. PobactHad npoueAypa BAEKM3HO-TbIOKM BEAET Ceb
NPUMEPHO KAK POOACTHAS MEPUOAOTPAMMA, HO
MEHEeE YCTOMYMBA K BbIDPOCAM

HarmpaBaeHnuns Oyaymnimx mccaeA0BaHUIN

YMEHbLLEHUNE CMELLLEHUS OLLEHOK

CrAOXKMBOHME OLLEHOK MYTEM MPUMEHEHMUS BPEMEHHDIX,
CMEKTPAAbHbIX M KOPREAILMOHHbIX ((OKOH))

NccAeAOBAHUNE OMMCAHHbBIX MOAXOAOB HO BoAee
CAOXHbIX MOAEAAX TNPOoUECCOB

° 0]



CrracnOO0 3a BHUMAaHIeEe
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