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Figure 16.14: Covariance sequence for randomly phased sinusoid.
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Figure 16.1: Annual summer rainfall in Rhode Island from 1895 to 2002.
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ANCTHER Jeo
YERRS To JSex

jo—l

W)

JF f?ﬁ w,) 7H

sequence, fix[n] = 0.0173n + 8.8336, where n = { corresponds to the year 1895, Mp RE- Fr e Ry v 5::



L31

Py
To JSEE JFE a >dc pve 7o STRIICTICHL

£l b LEYT Xfn) = an +4 + ¢ln)
; | g

Ay [n) 7\2#“13-“.
| N MEaw
. AU R R
ASsruvme <Sln) ~Nv/e o)
g ¢

WHRT SHoUlD WE vSe FoR §*

yla &)= 3 (gn) = lan i)
= '5—' (ﬁn*‘“‘) *eh)"ﬂ?ﬂﬂ))

1"_ 'f f_UU - JF 2 X4
~ e
o L = b
- . <L /f Jas =C
DIE G~ = ‘f_ﬂ/ ﬁf?*-é//
- L —-..‘..-"'"—--....-—
e ln)

- = /o, o5

= W& ASSenc ~vow

THRT _97¢
Nin = L + &ln)

Figure 16.17: Least squares error sequence fo al summ {J Ln J ™A (;‘: Jo. o
Island fitted with a straight line. seq T annual 8 er rainfall in Rhode P 5.)

- OR ConNLTRAMWNY
| 4o

CoOvVaeDpD WE S7)E ORSENRVE JJ L oASE

/v HEVRY RAMN FALL. BASEPR on E£STIMATED
A A e S
A & gveN THovEH Q=0 7

-



~\

OR - @@ = O ;73 DUE T £FFERoR v
ELT/IMAT )l o pLEcALSE oF wuln) 7

L

- A - ™
N Zn Y 26+ ulnj)
g - ~
Zn InT | {1 4 5 0/ b FnK1ad)
~ A r \ - — 12 -
A
= b =4
A A
JF uls)F e a Fo @
™
15
S SO A A TRVE 4
N T T T T T {
4Bb e [ zZzER S T
e Ot SO U UUUOOE SOOI SORUTI
{§10=== e Ll e == -t
T 2=
S 2 VOT £ vIpPEWT
5:'—.-— .......................................................
o TR R S O FRoM D ATA,
-] -L ........... .. ........... ......... -L ........... ..... TH&L}G-H
“0 20 40 60 80 100
ri
Figure 16.18: Twenty realizations of the estimated mean sequence fix[n] = an + b
based on the random process X|n] = 9.76 + U[n] with U[n] being WGN with ¢2 =
10.05. The realizations are shown as dashed lines. The estimated mean sequence
irom Figure 16.16 is shown as the solid line.
I (Wfij

CHAPTER  |7= W/DE SENSE STAT. AP

Witk Allow VS 7% RNALYZE FLAE GUEWC ¥
o renT of R = Syt 7o Fove/eR
TN FoR™ o F  DErewer/yivIrce Si&nAL

HAVE RLREADY EwouNTERED WS R L=
WEN HMA FPROCESST RANDumLY PIHASED S)jyure; )

_1-_——.



/5 e

A WSS L L ;b PEF; /€D AS onNE WHLSE
Ay [H/ = /&ﬂﬁfﬂﬁ*ﬂfj oo £ f) < oo
Cx fﬂ{_ﬂ:_/ = ? /!n:.-m!/ med <& p), £ o0
=P Ay LS
D 1) LTERN CoNT TANT
) COVAR AN & oNLYy DEPEWDS ON SPRc/vE
BETWEEN . L SAPLES

LEXAMPLE ° /18 PRECESS

Acx /) = °© ( e =0
Cx )ﬂﬁn‘/ = £ 7y In.<n,l =e
STV Josmn,) =
) S Srs—a /) >
NoTE THAT VRC(X)n)) = 0x%/n)
= Cxlany = Lot o 2

A WIS BL yS A SPEQAL cACE  oF
STATJsNARY £ £ bR
STAT. P D WS __
WS B Srar £PL (/v GeNErAaL )
WAL MUCH (7o0RE VIT FUL — ONLY JyV oL VvES
CONST TRANTS en FIRTT TwWwv mMorgewrd

FROoF ASSvnE X [n) s S TATIoNARY ©CR

f}f[n;'f-ﬂn}# e, ){)‘% t1 ) = P;K[ﬂ:)

-



157

ForR ALL 1, nv . Ny, RLL N AwDd
> . -y -

4

7 el /?t:?_

Now LE57 s =1t AV 7A,%ns

=) -
PXZ;"**—"(}“) - /o)ff-':)

LET fn=e = P xln) = Pxfos RiL /.

FPF CAN'T DEPEND oM 7 HE = My[n) = 4
Fop =~ cp 4o

NERXT L ET V=™

—,
L

P X /01900 X Jastno) Fx/ny st

LET Neo = —n,

“-S P«xfﬂf,-’f ! Na~n,) X /ﬂx)ﬁzf_,-‘»'(/m;}

» £ [X[ﬂf/}(/nn-,'/ = £ IXE")X/”ﬁ-"?J)}

LET o = =,

= Fxfﬂl"ﬂli A ) o) - /0)(/-'1:{,3/&‘__/

D Elxtosxiny)) = E[ XS X [r-p) )

OR CoMB/NING RESULTS
Elxjn jalnrs)=€ ) x1o) X (1ns-2,1))



/52

Je C x //]i ﬁ";) = & /-3(//};) A’(-?L})*Eik{ni))f)}{ﬂ;])
= Elxleid lina-al)) — w *
-— ? (/’?L_n;f)

AL TOCRLELA TIon JEQPUEWCE

A SSerE HENCEFeRTH THRT X [a) 15 wss
ElX)N,)x)Inx)) biPewds owxly ow [rn,-n,l
LETT D,TN  Na Tnvihk

w’

Elx o) x2))TE [ x()X[Ark)] DErevps
oty on k ([ RvD MDRE GEVERA 1Ly on k1)

= befvE  [xlk) ~ElXL[n) % )A +kJ) N P -

CALLED The AUVTOCORAELATIon SEovewee (A<S)

NoTE * NerT Def ENDEWT opn) n  ALTHOUC 4
-
USEDR v DEFAN/T Jou

k= 1o BIFFEV NS RETWETN SAHPLES
CRLCED The [LAC
ACS MERSULES CorREs tion ( wiie SEE £ATERI
A ETwWEEN WSS g fo Sarmfrers



Ze,

EXANAPLE . D)FFEROVIER
X)) = Lin)=~v/ln-:)
Y "“""N/fﬁ{, Gy*J - Z)

Fw ()~ E /)ffn).x/ﬁf-}aﬂ _
- E /{"L) fnl)-via=-il) (Vl'ﬁ-r&)— VZﬁ-f’é-j))
= Elvimvintr)) -E[va)v [r+k-i))
~E| Vi v ntk)) “"E)V[n-.r)“[n +h=1))

Fez ), F e Elvin;y vinw) = E[WMUEJUMJ/
= ™ WHY <

FoR N =na=n,_ El UInjving) =€l 0>]s;)
S ELUTLe)) 2 gy

WH Y€
= ElviaJvlai}) = u>+0. §(n2-n,)

P« Lh) = &°F O'L"‘Slh)—-[a’-d-ﬂ"gfk-;,a)
-l a>t o 8§k} + ta™>+ 53" S (k)

S 20T SR T S (R 60T § Lke))

............................... wh

I WHAT 0 CeRRELAT oA
% = ...... ..... ______ _____ o e -
...... ..... ] ..... l ______ _____ . 2 SvcCcEIpE SRMAET !

Figure 17.4: Autocorrelation sequence for differenced random process,




Py DEF+ N/ T/en

Covy (X/J?L X £ )/

M

e
—

P)" lad Xt 1)) -
J VAR /an}/i Fﬁ-ﬂ/}(/g}+;))

Sk XLy phs 2ee Mean (wpy 2D

E | Xla)x[0r)))

/DX//:'{#*«ZJ? ) - - - -
\l Elx5/n1) EJx* [ovs7)
= % [i) yx/l./
— 7 rxle)

\,rf}: (o) rxfos

/a_p/LV_DEf'DVDJ_’ CN LLRCUNG B TWETW

R TAmprec!)

-
~ Ju - o

— e,
HE?Q‘E_, | /gf'/“ﬁxfﬁh) 2 gv T

= WEBATIVE  CoRRELAT o

TINS5 A HEN<E  JF
s ] ...... g ll ________ i LTock PRICE
o e b, RS U § TI ol I ._.I..':t#:/f
[ l l 1 [ rIl CoEsS AN G A/
17\ ........ ......... i PO THEN CALL
) S A AUV UURY S S e
L : R_ f‘f"-' LR OLEPT on
0 a 10 112 20 25 30 T_,‘/E_-s_: Mﬁ

E‘i[gl]ue ﬂ(ﬂ Typical realization of a differenced 11D Gaussian random process with
n) ~ A3, 1).




/55

JTOoME o BSERVATIONS ALevT ARCS
J) xle) 2 °
2) Ifxlh)= rxlk) EVEN SEQUEWCE
3/ I /)] <« Ixle) |
i) [x L) >°
/‘gf‘O&F T /';([);_;: E/_X[#?/X(ﬂfk,})
- Fx o) =E( KLn)) >
= AVERAGE [FOWER
ACReSEC  n RES)STOR
)JE X[n) = veLTARGE
DorpsN'T CHANECE wiTh T/ME

2 F'x l-k/] = Tx)k) EVENV SEGvanNCE

ReoF @ Irxlk) SE|X(a)xnt+rr)
rxl=&) = x(n)x la-))

LET" n=m +hk L, D 1S ARG TRAZY

= i ‘!"/'.1) = £ | Y Lnth) x)tm))

o NO T
= E| X lm? X Uen+h)) pEreNDewvr

. O Mmoo
= E| x/[n) X [n+h?)
Sk L)
ARSsLTE

3) MAvn vALE AT k=0 [rxlk]] £ rxfos

CARAVEHY “SCH WAL L /NESURLITY JAYS !



/56

- o ity
jfvwliji - J E—V[VLJEWIW‘*)

E Qupr 7y oS JF AWP oenNLy /F

W = ¢ V C A conN L TANT

(ippe Jvewl < Jivitdwsy Ever) s
VECTDR S/

FRooOF - LeT V= xln) Ww=X/nrk)

JE| X Ja)x 19+ £3) l. p= \IEJJ(“'(nUELK"“M +R ]
[rxYhI] < N ;o) rejo) = JOx/0))

L= "4 (a-)

M ——

ALREDY STHOWED 72A7T Fol 2ERO 4 pfiey
WJ/e RE.
= 7 I,

/axfﬂ{f b &Y k)
x [o)

VoW Kayow THRT por EXPECIED

}fX&}JJ()A-Fﬁ;/ = WH)'?

[ CS EXANPLES

., W o

/) WHITE WNOJSE =~ PEFINED A5 WIS RP
WITH  ZeRre MEAN  IDEWTICH [ AR ANCE
0°, AND UNCeRRELATED JAmPLES

No  MENTIon OF PPF S HepE = po7 NEZ -



ESCARRILY WEN. X[aA) s De NoT prave
To RE /J\/Dgfmbwfj oNLy LUA/eoRAETRTED.

Frx Lk) = E| xXta)xlorkd)
El 1)) El Xfaihi) For |k #o
DUE 7o yﬂ/n:.;fzﬂﬂﬁrfé'} ASSUMPTIoN

Fi

(C-Dv(iy):b = Elxy)-glwe/y =0 )

< [h) = o R¥Eo  spaqcE E/xlnjl:‘-"

AL N
Fo X = o

r= ()= E{x>a)) = VA(X|a))= 0

r k)= & (k)

AJ/IpE Cx Lnny ) FOUND FRom (x/h) Avd A
AT

Cx Ln, ne) = ElXInsxtrss) -E1xin,)) Elxfan))

a r.!( Jﬂt—"”:) R A

Arese  Thew JF DA, pa=nrk

C {njni'}z-} T I lk)— ™

77-4"!/{, JF TH® TAMFLES pAgrE UNCSEREL ATE»
AS ks THew Cx (hj"j‘f'/a) > s AL hpdo,
A b Fxlk] = x> 45 Ad o



Mo T LPHYTICRL FPRSCESSES AAve THIs
AP ROFERT ).

Tu”
Recare C x Lﬁﬂ,ﬂx_/ = s R, = s
i
> f-)?l.“-ajf}f
FRov AS/2ES  [x[h]= Cxln nthk) + u*
BT ey #ae=0
I'< (k)= dy* p=e
N
wr k=t
4&7‘—
o [l >

WVOTE . [@x[k) tHAS (x]o} z° /.Px ChI| ¢ rules

Fxl~p)= relkl

2} RAWNPOMLY PHARSED JINUVS e/ D

AGA/w Mm=0  AND

y -
C x /A*’, ﬂlj = _é Cof [M/ﬂ-f)/ﬂ';-'ﬂ;))
= rx Jh) = T cor | smlosk)

RVUTORE 6rESSIVE [ F :
USED Fx?’é‘a/ﬂvfz_y R Mepsz FoRf
PHYTICAL PRLCESSES

/8E



/55

A SPECIAL CRSE ©F AOTOREGRSIAIVE (AL
R DEF/NED AS

an)": A X fr=i)+ U Lrn) ~ 00 £ LD

Where Ja/) <) MWD Ulny 15 wen wiTH
Vi pavce gy

ANOoTE THAT THE EQUVAT/ony 0 A FIRST—ORDER
RECURSIVE D)FFERENCE EQURT /pa.

R £yvoivesS AS:

v

o
s

Xlo) = qX [=y)+ O [0/
X [r) = ax]ejp+ L)
Xle) = a xliry+ viz)

AL X o) PEPENAL ONLy oN FRESEWT pap

F A J.F%HF’LE‘J;!' FOg EXRMPLE

X(2) = ax]j)+ vizy

i

T oa (axjw r o)) T O = a%x)e) +AV )
+ U {2

o ax[-1)tvic)) + a Vi) 4+ Uis

"

= AP X [y ) F GOV @y Ul

m .
= < a”viz-r) LERD/NGE TELM

R = o 62'3X(-f)j&=“?—c—§¢
S/aCa— " TR} )



CLERLY WE MWT HAyE laj<r Fora
o
A STRABLE PLPecLRSiow,

3 S I A S S
HMR,E,.M@Mt...‘LNd’ e e
,E ___________________________________________ DO ,ﬁ-_w,_, CoRLELATED
% .t"ll. %U Ifi.,

R R i I R R I A B T
~0 5 10 30 '35 5 0 15 20 25 30
'ﬂ- T
(a) & = 0.25, 0} =1~ a? {(b) a =098, ¢ =1 —ga?

Figure 17.5: Typical realizations of autoregressive random process with different
parameters.
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