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Motivacia

o Priklad zo zaiatku semestra - et cestujucich

aerolinkami:
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o Podobne napr. megae data nezamestnanosti,
kvartalne data HDP, ...
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Motivacia

V4 b4

o SIne&né skvrny:

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

thanks-huge-solar-flares.htmi
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Motivacia

V4 b4

o Slne&né skvrny:

Sunspot Numbers

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

300 Galileo Galilei (or was it Thomas

Harriot?) made the first

European observations of

] sunspots. Continuous daily

VJJ observations were started at the

20071

100

0 ! Zurich Observatory in 1849 and
1990 1895 2000 2005 2010 2015|| earlier observations have been
HATE used to extend the records back
to 1610. The sunspot number is
R S S e 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&né skvrny - graf z dlhSieho obdobia:
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Data zo strankyttp://solarscience.msfc.nasa.gov/SunspotCyclelshtm

o Otazka:Ako urcit periodu?
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Spektrum

o Postupnost{v;}2 _ — vytvarajuca funkcia

j=—00

g(z) = Z v#!

j=—00

o Stacionarny proces s autokovarianciamjy; ;52
— spektrum
sy (@) = o—g(e™) = — i e
27 2 J 7

J==0¢

kde: je imaginarna jednotka.
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Viastnosti spektra

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

o
sy(w) === |70 +2)» 7;cos(wj)
j=1

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

o Vypocet autokovariancii zo spektpdamilton,
Proposition 6.1]

Vk:/ sy (w)e™Fdw

—Tr

o Prek =0 dostanemey; = [* sy (w)dw, a ked'ze
spektrum je parna funkcia:

Y0 = 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 funknd hodnotu
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Odhad spektra - vyberovy periodogram

o Mame datay;, ... yr — chceme z nich odhadnut

spektrumcasoveho radu

o Prva myslienkanahradime autokovariancie v definicii
spektra vyberovymi autokovariancianakto

dostaneme vyberovy periodogram

1 =1 o
Syw)=o- ) A =
j=—T+1

o Nevyhody:

1

2

T—1

Yo + 2 Z 7, cos(wj)
j=1

o odhady maju velku disperziu
o presnost sa nezlepsuje so zvysujucim setpm
dat (lebo odhadujeme stale viac autokovariancii)
— potrebujeme iny odhad spektra
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Odhad spektra - - vy berovy periodogram

o Nevyhody - podrobnejsie:

o [FuIIer 1976} pre velky rozsah vyberu ma podiel
28y prlbllznex (2) rozdelenie a tieto podiely su
pre roznm priblizne nezavislé

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

El5y(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 - neparametricky odhad

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

(1)
kde

h

Sy(wj) = D KlWitm w))3y(@sem)
m=—~h

& wj :27Tj/T

&

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

pandwidtl)

o funkciax urCujevahy, s ktorymi tieto frekvencie

vstupuju do odhadu (v ste davaju 1)
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Odhad spektra - neparametricky odhad

o Iny pristup k na priemerovaniu:

WtV
Sy (w) = / w(w, A5y (w) dA,

—UV

kde [“"" w(w, \) d\ = 1

o Zoberme obgajny aritmeticky priemer (nevazeny), t.j.
w=1/(2v):

w—+v 1
Sy (w) = / 5§y(w) d\

1 — sin(vj)
— A 2 /\‘ .
o |Jo+ jzlw L5 cos(wy)
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Odhad spektra - neparametricky odhad

o VSeobecnejsie:

T-1

Sy(w) = — |9 + 2 Z YjK; cos(wy)
j=1

o Funkcia{x’} sa nazyv&ernel

© pre nevazeny priemer; = Siny(;j)
o obytajny vyberovy periodogram:; =

o Casto sa pouzivBartlettov odhad
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Bartlettov odhad

e Kernel:

(2)

1o
0

cim dostaneme odhad

70+22<

prej=1,..

-4,

pre 7 > q.

1__
g+ 1

) 45 costei)
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Bartlettov odhad

o Ako zvolit parametely vo vztahu (2), resp. parameter
hv(1)?

[Hamilton, str. 167]

One practical guide isto plot an estimate of the
spectrum using several different bandwidths and rely
on subjective judgement to choose the bandwidth that
produces the most plausible estimate.
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Priklad 1 - simulované data

o Pripomenne si AR(2) proces s periodickym
charakterom:
vy = 1.4xi—1 — 0.852¢_9 + uy
Vieme:
o korelacie sfiaju difere@n( rovnicu
p(t) — 1.4p(t — 1) + 0.85p(t — 2) = 0,
ktord ma vSeobecné riesenie
p(t) = 0.922"(¢1 cos(0.709t) + c2 sin(0.709¢))

o sinus a kosinus vo vSeobecnom rieseni:
cos(kt), sin(kt) — periodazr = 8.862 ~ 9
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Priklad 1 - simulované data

o Vygenerovany priebeh:
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Priklad 1 - simulované data

o Odhad spektra:

== ploatisy])
=x> [smax,imax]=max(sy)

Smax =

f.8653

Tmax =

11 -
== T/ max
ans =

9.020%9

| L L | !
e il ] 10 15 Zn Pt 30 a9

o Hodnota na x-ovej osi zodpoveda frekvencii
w; = 271/ T, kdeT je pacet dat
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Priklad 2 - slnené skvrny

e Priebeh dat:
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Priklad 2 - slnené skvrny

o Odhad spektra:

EHHHWHHIwHHHHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII!!!
—_————————————— 14000

x> [smax,imax]=maxisy) : |
smax = 12000+ i
1.2084e+04
10000 F ]
Tmax =
gO00 - ]
o
== TFimax OO0+ Il
ans =
4000 | i
131.41e7
wx TSimax/1lz 20004+ i
ans =
1]
10.9514 i 50 100 150
=
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Priklad 2 - slnené skvrny

e Znama perioda:

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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