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Motivacia

o Priklad o pa@te cestujucich aerolinkami:
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o Podobne napr. megae data nezamestnanosti,
kvartalne data HDP, ...

o Nie vzdy tam vSak musi byt takto jasna perioda

Spektralna analyza — p.2/29



Motivacia

V4 4

o Slnené skvrny:

http://www.dailymail.co.uk/sciencetech/article-2@28/Best-auroras-seen-Britain-

thanks-huge-solar-flares.html
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Motivacia

V4 4

o Slne&né skvrny:

Sunspot Numbers

In 1610, shortly after viewing the
SUNSPOT HUMBER sun with his new telescope,

300 Galileo Galilei (or was it Thomas

Harriot?) made the first

European observations of

] Sunspots. Continuous daily

AJ observations were started at the

200

100

0 ? Zurich Observatory in 1849 and
1990 1995 2000 2005 2010 2015|| earlier observations have been
HATE used to extend the records back
to 1610. The sunspot number is
S R S calculated by first counting the

number of sunspot groups and
then the number of individual
sunspots.

http://solarscience.msfc.nasa.gov/SunspotCyclelshtm
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Motivacia

o Slne&ne skvrny - graf z dlhSieho obdobia:
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Data zo strankttp://solarscience.msfc.nasa.gov/SunspotCyclelshtm

o Otazka:Ako urcit periodu?
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Spektrum

o Postupnost{v,}°2___ — vytvarajuca funkcia

j=—00

9(z) = Z 752

j=—00

o Stacionarny proces s autokovarianciamiy; 12
— spektrum
0. @)
- 1 —Ww\ __ 1 —1Ww]
= 5-9(e )—%'Z vie

j=—00

sy (w)

kde: je imaginarna jednotka.
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Vlastnosti spektra

o Spektrumsy (w):
o da sa napisat’ v tvare:

©.@)
sy(w) = 5= [10+2) 7 cos(w))
j=1

o nadobuda realne hodnoty
o Je parna funkcia
o Je periodicka funkcia s periddalsr
— staCi nam poznat hodnoty spektra medz
o Da sadokazat, zey (w) > 0 [Fuller, 1976]
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Spektrum a disperzia

o Vypocet autokovariancii zo spektra:

’Yk:/ sy (w)e™Fdw

—7r

s

o Prek = 0dostanemej, = [~ sy(w)dw, a ked'ze

spektrum je parna funkcia:

Yo = 2/ sy (w)dw,
0

Cize disperziay je dvojnasobkom plochy pod
spektrom na interval@®, ]|

o Z priebehu spektra teda vidimidpreé frekvencie
najviac prispievaju k disperzii procestie, kde ma
spektrum vysoku funknu hodnotu
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Odhad spektra - vyberovy periodogram

o Mame datayy,...yr — chceme z nich odhadnut
spektrumcasoveho radu

o Prva myslienkanahradime autokovariancie v definicii
spektra vyberovymi autokovariancianakto
dostaneme vyberovy periodogram

1 T-1 | i T-1
§y(w) _ % Z ﬁ/je—zw] - % Yo + 2 Z ﬁ/j COS(wj)
j=—T+4+1 _ g=1 i

o Nevyhody:
o odhady maju velku disperziu
o presnost sa nezlepsuje so zvysujucim satpm
dat (lebo odhadujeme stale viac autokovariancii)
— potrebujeme iny odhad spektra

Spektralna analyza — p.9/29



Odhad spektra - vyberovy periodogram

o Nevyhody - podrobnejsie:

o [FuIIer 1976} pre velky rozsah vyberu ma podiel
239 prlbhznex (2) rozdelenie a tieto podiely su
pre rozne,u priblizne nezavislé

o E[x?*(2)] =2, ateda

Elsy(w)] ~ sy (w)

-to je OK

» Ale 95 percentny interval spolahlivosti psg(2) je
(0.05,7.4) ateda IS pre spektrum je

(0.0255,(w), 3.75,(w))

- prilis Siroky
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Odhad spektra - vylepsenie

o ldea: ak su blizke hodnoty frekvencii, maju podobne
hodnoty spektra» za odhad spektra pre danu
frekvenciu zoberieme vazemyiemer hodnot
vyberového periodogramy z okolitych frekvencii

(1)
kde

h

Sy (wj) = Z F(Wjm, W) Sy(Wjtm)

m=—h

& c,uj :27Tj/T

&

Konstanta: udava paet okolitych frekvencii, ktore
perieme do Uvahy pri vygte odhadu (nazyva sa

pandwidth

o funkciax urCujevahy, s ktorymi tieto frekvencie

vstupuju do odhadu (v ste davaju 1)
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Priklad 1: simulované data a postup v R

o Pripomenne si AR(2) proces s periodickym
charakterom:
Tt — 1.433t_1 — O.85th_2 -+ Uy

o Vieme:
o korelacie sfiaju difere@n( rovnicu
p(t) — 1.4p(t — 1) +0.85p(t — 2) = 0,
ktora ma vSeobecné riesenie
p(t) = 0.922"(¢1 cos(0.709t) + c2 sin(0.709¢))

& sinus a kosinus vo vSeobecnom rieseni:
cos(kt),sin(kt) — peric’)da%” = 8.862 ~ 9
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Priklad 1: simulované data a postup v R

o Vygenerovany priebeh:

o |
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Priklad 1: simulované data a postup v R

o Vygenerovany priebeh - kratsasovy interval (lepSie
vidime periodu):

[T¢]
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Priklad 1: simulované data a postup v R

o Odhad spektra v R-ku:

o Vvyberovy periodogram:
spectrum(x, log="no")
o zhladeny vyberovy periodogram:

spectrum(x, kernel("daniell"), log="no")
spectrum(x, kernel("modified.daniell"), log="no")

o Inéskalovanie x-ove] osiod 0 do 1/2 (namiesto do
7/2); takto: perioda = 1/frekvencia)
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Priklad 1: simulované data a postup v R

o Vyberovy periodogran:

Series: x
Raw Periodogram
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Priklad 1: simulované data a postup v R

o Zhladeny periodogram:

Series: X
Smoothed Periodogram
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Priklad 1: simulované data a postup v R

o Zhladeny periodogram:

Series: x
Smoothed Periodogram
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Priklad 1: simulované data a postup v R

Pripomeéime si:

50 100 150 200 250

0
|

| ] | I I 1
0.0 0.1 0.2 03 04 0.5

Najdeme maximum a zodpovedajucu periodu:

> sp=spectrum(x, kernel("modified.daniell"), log="no")
> max (ss$spec)

[1] 287.7513

= sp$freq[which.max (sp$spec) ]

> 1/sp$freqlwhich.max (sp$spec)]
[1] 9.090909
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Priklad 2: sinené skvrny

e Priebeh dat:
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Priklad 2: sinené skvrny

o Odhad spektra:
spectrum(sun, kernel("modified.daniell"), log="no")

Series: x
Smoothed Periodogram
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Priklad 2: sinené skvrny

o Odhad spektra - vyrez:
plot(sp$freq[1:100], sp$spec[1:100], type="1")

sp$spec([1:100]
| | | | | |
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sp$freg[1:100]
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Priklad 2: sinéné skvrny

o Najdeme maximum odhadnutého spektra a periodu:

> 1/sp$freq[which.max (sp$spec)]
[1] 128

> 1/sp$freqlwhich.max (sp$spec)]/12
[1] 10.66667

o Text zo stranky:

The "sunspot number" is then given by the sum of the number of
individual sunspots and ten times the number of groups. Since
most sunspot groups have, on average, about ten spots, this
formula for counting sunspots gives reliable numbers even when
the observing conditions are less than ideal and small spots are
hard to see. Monthly averages (updated monthly) of the sunspot
numbers (181 kb JPEG image), (307 kb pdf-file}, (62 kb text file)

show that the number of sunspots visible on the sun waxes and
wanes| with an approximate 11-year cycle

http://solarscience.msfc.nasa.gov/SunspotCyclelshtm
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Priklad 3: odhad spektra AR procesmi

o Déata modelujeme AR procesom

o Spektrum odhadneme ako spektrum ziskaného AR
procesu

o V R-ku pre sInéné skvrny:
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l | | |
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Priklad 3: odhad spektra AR procesmi

o Vyrez:
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Priklad 3: odhad spektra AR procesmi

o N3ajdenie maxima:

> sp2=spectrum(ts(sun),method="ar", log="no")

> 1/sp2%$freq[which.max (sp2$spec) ]

[1] 142.5714
= 1/sp2$freqlwhich.max (sp2$spec)]/12
[1] 11.88095

e CVICENIE:

o Najdite explicitné vyjadrenie pre spektrum AR

procesu. Nakreslite konkrétny prikad pre proces s
komplexnymi kor@&ami.

o Nakreslite spektrum bieleho Ssumu.
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Poznamky k R-Ku

o Pri prvom postupe (zhladeny vyberovy periodogram):
o Z dat sa odstrani linearny trend.
o Ak maju datacasovu Strukturu, zachova pri
vypocte frekvencie a periody.
o PRIKLAD: cestujuci aerolinkami
o V R-ku:

o takto n&itané data uz majcéasovu strkturu:
jednotkacasu = rok, frekvencia dat = 12
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Poznamky k R-Ku
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bandwidth = 0.105

data(AirPassengers)
x=AirPassengers

sp=spectrum(x,kernel("modified.daniell"), log="no")
1/sp$freqlwhich.max (sp$spec) ]
1] 1
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Poznamky k R-Ku

Pre porovnanie, bez Specialgsove] Struktury:

Series: x
Smoothed Periodogram
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spectrum
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frequency
bandwidth = 0.00874

> sp=spectrum(ts(x, frequency=1),kernel("modified.daniell"), log="no")

> 1/sp$freqlwhich.max (sp$spec)]
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