Random gl‘gnal; and Moise M

1. Rano’am P"C?CCéS :

Ranolov 5'3"\5'( /s a Mam:fqzén‘/bn o vandovn e/d'cfr:'m[
S:Hna[ that take p/ace ovey time . It I's clso callec! a venbloms
Proa:gs amo/ s-faclwaai fr‘c Process -

* A yandlo />roce,55 moPs expw:'mmt‘a/ outcarmes into real
/;.qcffaﬂs df time. The cp//cc{rm oﬂe time FMC'LLIWS (s

mble , and each member & callecd

“The &nsowbks ave reprwa{cd‘éy‘l/(é,s).

‘mW‘f {oijwa randmﬂ sf‘ynq/s

*Ccrﬂsl‘df/y av exPW:
shown below :
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Thﬂ sampfc Func f:’mfl 'vl.(.t/s‘.) /’Utf/z'lnj {};e Al d£
V(t, ,S;) ot time instant ¢, . At time £ we could

e.XPeCf anj Value /-NM f;tl MgaMé/e.
Yt ,Ss;) — Ramc/am |7rocess

v(t, » S¢) —» Reandlem Varrable
In 0{/'&?’ WWG/S ’ the MC‘/a'm van'aé[c !'s?spec_f,h/mn



pR EHSch/C Avam.ge. c:ma/ Cavrefq/:m Functions ;

% The mean value (auarajc) of the ramolons Process
N(x, t) Is CMMM‘@ cg//ea/ Mz "expccfaf:mg ”,GWI 0/
l:tt s ofmofeD/ 6j flg”- _

¢) 2 E[veun) = [m Pex) v (xit) olx

) (%7

wheve x is vandon varioble .
P.cx) s the Praéab{/;'fj o/msr'/j Ffunction (PDF) <F
the veriable x .
* The S/m’ist{:'ca/ VB/aJ{amsAn/D fwfwee/n VX, ‘f;)’ﬂﬂG/V(x,iz)
s know as the r%:lfocmg/aﬁm Ad{’#_t_é‘ao? “(R) -

R, (4 512) & E[VOa€) V(x&2)]

Ry, (4,d2) = [ ROV Oxta) v(%¢2) ol

:‘[[: Vi, ¢) and V(x, tz) are Srz(ilikilf.ca{-/y. :'na/cpmo/enf,

R, (4112} = E[vee t)] - E[V(xst2)]

L ik - ;7_(.,( e‘) ."\7-?3( -é ﬁn’ l'nOICPWOG/HIS'
R~ (% {2) ' rta) Processes on Wy .

5 The wrelwﬁm fuwct‘:‘m befusreen two Dﬁfﬁrm £resrtlorts
/td £hu ”C V_OES £Wro{a){f'm /;ncl(';?‘y' v

process i's cal
Ry (b, €2) = E[V(x¢) w(x,¢:)]
Mo te that {he CW/&/«J‘I'O'” Is o ””C“«SMV’C¢ £ he S:‘M!'/Gr:'-fy
betreen two signals.
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5 The :MOICP&H&/W% fﬂ’lf’/m Processes oave ajso kveown ag

un avrelated process -

va(flf{%) = E[V(x'f')J'E[W(x't?-)] For "”G/e}’wo/méf
_ — — (uncorrg&jcdj
= W(x, 4)  -w(xt) P g g

» The processcs are saitl to be artl/mjamar/ e

Fov orthogmal/

va ({IJ{Z) =0 Processes my .

*7& Covariance :
Zl" s a meaSure cr)? haw Muc}a L(WU ’“”O/M/Dmceggq

Chanﬁe éaje/{/.w, andl it 1s ddervioted bj (Cxins) -

va (élz'f'z.) :va({'r/ fz)— 'V(X)t;) W(X,f;) %
I+ can be Aecluceod that

For uncovvelated ( l'na/cpcmb/m{s)

ranclom Proce«SS% :

C{'I) {:7_) =

Cvud

2. Un:[wméy 'Dlsfmﬁw{'eol Pana/om BRrocess :

IF the vomolom vowiable of the vanolom Pracess can take

an v'a[ull between two [rmits (a amd b) with Qc} wa [

o babilily . the process s callec uniformily oshioed

“The PDF of the wn:fm/mfy ofis tri bufeol VMO/M

Vavio ble (x) s dive# bj
ACH N

J

(g=a ) ~---




f)‘mmPk : Amﬂj c (arge. Ca”ecfr'mﬂ dfos:’/la'scopg Slj'na/s.E,

oNe 5.‘34&/ I's rde{y se/ccllco/-
vi(t) P):A Cs(wot + &)
whowe P IS a vanolemr variable with uniborm PDF From

O to 2T vaolian . F:‘no/: a) The Mga,,df M(t, ) -
b) The custo corvelation o vie ).

Sol.
P(P)
a) N (tiP) = E [vier+)] &
o9 , ’
SICIOE fﬁ’,(d») vie,b) o o=
— -wzﬁ =1 ~ )CP
V(¢ P) = f__‘z_‘% A G (wat+d) dP azo ) boazg

/a\ Zﬂ-c‘r’ (w"t +qb) ol ? (¢ s 4’): (o]

St ) ==
) R, (4, 4a) = £ [v(t ) Vit )]
Rl 6a) = [ Ppl®) V() #) V() ol
ﬂﬂ’- 27 b ) ) y
Rv [fuftz):-?-_-;;:’f C”s(w" | G"S(Wa 7_+¢=') b
° o
R (b ta) = 22 [ [G (we C-t)) + s (s Cent) +260 )y

R, (&> tx) = -Z'ﬁ;;-‘[l?&as (Wo(ti-t2)) o b + {Zas (uf,:(;,:{,,).n.@ o/¢.>]

2 _t+ . 7T
Rv(‘el ’ '62..) e '5:;1:_. o4 (Wu ({'I 2.)) 431:

Cascwo('h"t‘l—)) = CD’S(W., C’éz_-'fl)) becau'% ‘éllt Cdl'Sl.HE, !ls

L Function
- IRV (tirt2) = B Cs (we ta-ty ))l =

- o goy o reall ks <oample G e

Chuftlw .



Examp[e;. Gﬂsl‘o/e/ the process VvV (t) emofl W) afeﬁ:‘nﬁ
w(-!.,y) =EY

7‘>j : Ve, x) = t+ X
wheve X avol Y owe rana/o'm vow:‘o:bfq.

a) F;nO/ ymean andl the auwlo covrelotiom oF each Sljnaj

b) F'maf ﬂw CrossS CpY/e/aAlrbM befwczn v oMo'(w

c) wa[’j 'H-qu the CﬂV‘WIbnccc)f Lthe fuwo processes 1°s
equal to v F the fwo variubles kyowe rroleperiolestt:

but € is not ranolons

varicble.

sol-

a) v (t.*) = E[t+%]
See.w = ELET EDY

Lo lgw. )=t 4+ 3

Ry (4 t2) = E[(f;-rx)(éz-rx)J

R~ (fl'-w{'z): E[‘flz‘Z*(ﬁ*fz)X-rxg

Ry (¢, t)= E[E t’;_]+ E[(é,+fz),<] + E[x?]

Ry (b »t2) = ELt 8]+ (tit ta) E[x] + E[x?]

Ry (h  t2) =t tat (hit) % + X% |

H(¢-y) = E[tY]
wW(t-y)=tELY] =
R,(t,¢) = E[LY - ta¥]
R (¢ ,tx) =E[tita Y*]
Ro (b, ta)=tits ELY?] =

b) R, w (f.t2) = E[(f,-;-x) ' (fz‘/)]

R«uw (¢t rt2) = E[‘fr 2 Y+ 42 K‘/] a.
- Ryw(tirt) = Lt Y + t2 XY

wity)=t Y|

Rw(él 'fz.):.‘ {;fz- 75:




Cc) C,,w(fl y f:z.) — va(fl!tzj -"U'(f;:X) W(t; Y) [e!

va’(f: ’ fz) = flﬁz, 7+£1§7~[(£l+fj (ta 9“)]
Cow(tyste) = Lt + 12 XY = [titaY +taX V]
y are :'VID/C PMD/M!‘ ranolﬂm v‘wr‘ab/ej

—-— =

For x and
SE_\}' =% Y

va(ﬁ) 'E:_) = '6; {2' -91'{'—1; 7 = [éléz.q "'éz;f]

Cavw(‘(:l 'tZ) =0

4. Ergao/:'c and Sfai‘:oma;iy ana/afm P”'OC@SS:

IF the time av'araged‘f the m_:f_’””" process V(¢,x) is:

V(LR ::_é;: —_-,'—:-&v(-&,x) ot

-and LZA! St[crf{:'sffcot( m/craae (expec{ﬂﬁt“m) o’f //'h's Sfjha(

(‘S 9I‘V‘&’| by; -
E['v(bx)] = [“P,(x) v(t,x) dx

g V(¢/x) /s sard to be ”elrijoo/l'c il &
af to (ts statistical average.

FUY ergada‘c PVbCCSS

“The yan olow proces
the time average of V(%) s egu
N, > = E[Vigx)]
% Let wmiy 15 the wean of VIt X)(d crmpoient) .

's the stanolarcd ofeviation (rms yalue) -

of V(%)
the voayronce ALk, ) (ac power).

T

0“: IS

*'771!. éOéD'{ aMﬂje POW O"f !}Lﬂ V‘MO{&M /:)y'oce,ss V({-/K)’.Sz
E— = FZ&',;()

so tht vrowiance = fotal power” — cc power

whee ole pPoer = m3 :GTZe,x ))ﬂ




2z __ 2 |
OJV"PT"MVJ and g-;,;f;vr

%L/:o(e sense sfaf/onarj ” (WSS) pracoss (s a m:«o{ayw
s rHG’&fDMDIM'éoaQ t‘;’me,

0/5 am‘y o1 the L’bwc'

O
>yocess with mcam B[Vt %]

/
and aw{‘oWG/aJllm R (fn'ly_) OICPM

C/:[.A’YO’VJCC ({z ;) s 1. Rv (‘éz. t ) Rv (T)
* "St.‘mcf/ Séqfnmaty " process is a statiomary process -
~0{ L8 , S0 't is not exi'st in pmcz‘:ce

E[V('é/ﬁ)J:mV: coms fant 7 For WSS process
Ry(tr,ta)= Ry (£2-4)= Ry(D)| where T=ta-t,

* All wjoo/:'c process are WSS , buf_'j_?_'{' all WSS process
are ezrjof:‘c.. '
xFoy wide-semse szfat,‘:‘cmag (WsS) process:
E[~vetx)] = my
Ry (T) = E[v(E) v(4-T)] = E[V(t+T) vie))

*Ry(T) 15 an even fundr‘m’l, so |R,(-T) = Ryl™)

and the botal power LS *
2

P-r"‘-: Ry(OJ;’- o-.(,"_.,.mv - v*

e

and for enery s:'jm/s - _
m"

Mo te é/uf the aulo ccrrmfa/ i fumction has mexivaum

Uaﬂu.i ,,,{' T8 - R ————




2> The romolow proce=sS oF the ¢X0”1P/¢ g ven (N e‘.
LS * |
WSS because E[V(é,sc)] =y =0
and Rylt) ) = '-A; Cos (e, (fz-{:;z)) &= 4_—-165 (w1, )

#

+* The process 'S Wgabl"c oo because:
LV, x)> = E[VE,»)] =0

v Howcuf/, t%ﬂ S:‘?nb‘v/s affexam,o/e ' /Dajc 5 1% {JW-SI‘«&‘WM
[-,gc_“ugq_ cht'V miean u'a/uq are {fme a/cpwa/onf.
5. Gaussian B"OCE_S'S (/Varmor/ Bnce,sS):

Thﬂ mno/am Procégs 's ea//co/ GausSian when an PDF
of its vemolom vayiable (x) is gaussian (novmal distribubion)

Py s Fomdlt
K —
Wll.we Wil 'S f)u medqr) ano/ a"z' (s t‘AE Variorce .
B.oom
m S— 3 ”

Gaussr’an pmcc_fs p/a,js an z'mpartlanl‘ m/e 1’4 S‘/ue/y:‘nj
WMM”KCJ!M sysf&ms snce l.{/l.l jdmssf‘an Mac/c/ miqy
be app/icc/ fo so maty rana/am e/ecfn‘a/ actiovis.

= “The gaussian process rs cmp/uéfj descyibec/ bj E [V(i-JJ
Ond R«u (‘{l / {'z_) .

~ Any [imear opaﬂf:‘m o gaussice ofistbribufion) prodluces
anoﬂlw jaus Sran o/:’s fr:'bu'ér'aﬂ .

ﬂ(f, 'K‘ 3(‘&"‘)
Wit} """ olso sSvam Proc
Qeiussian | gausSram pPrecess

process




6. Fower Spccfr’a/ 'Dm;,'éj; @l

If ~ct,x) 1s WSS process, then G, (F) s (& power
spectral olem s:'{y « It means the cfistribudion of the
aufh/o:tﬂe power over the /re;uwg olowion -

Acca'fo/;‘vi.j éo Wiener- ks‘ncl,mc Ll/wm/m
G,(F) = FT[Ry ()]

P = Ry(o) = /TG (F) df

R hee) Ry(T)
2 —_—
Gy (F) H (F) Gy (F)

Gy (F) = [HFI] " Gy(F)

my = /"’mx h(t) ot = my [:A(f)o/t.‘

=g - _ . )
my = My __/'o h(t) Sehal t'-a/-l{-

- F.T with Fzo

o=

my = H (o) mx - .53

Mote: jn norse Cafcw(ﬂl(f'cms; the Oﬂ'recf Va/ﬂge s.jna/s cure
rantlom , so fAﬂj can not be olescribed by o mathematscal
iorlal [e?'ud,w), However, the stalistics solve thes

Praﬁ[cm éy CO[CM’.‘?_j Zhe aufo CW/&MW Func bivrvr

ojf Lhe 59”“{ which con he: clescribed Aj a Formulot .




Norse tn Ana (oj Gvmumnications L

1. Morse Classibicadiom: |
In communication sYstems, noise i mj:hufi'a/ both /i

the cﬁ,udlomwi‘ ond in the chavned. Th norse 1's undes,yed

uam'at‘:'mas L%qf OA'Sz{m/fco/ the 0/64!')’\:9/ Sgna/. The nerse

effect cannot be camceled! Cawp/o%, but /¢ can be
vecluceol Aj Various means, such ag .

- reo/ucﬂ:j‘ the Sfjna( BW b_‘j BPF.s .

- ['ncymsfrj the transmitfer s power”

- us:‘rj /aw-nofse aMP/:'ﬁmA/ wreale s-‘jna[s-

[—’EX *Wﬂﬂ{ —_— man-m«c{z noirse

norse
,__,nafura/ Nnorge --r-) cn‘mDSFéei.’Tc

NOI'SQ- ﬁ noi'se
> Space
nhorge

— TInternal

_1._.., ﬁwmqﬂ neorse

horse

| 5> Shot nosse

— Par {:' A'm viesrse

5 Flickey noise

| o Transit- Trime norse

[-] Ex'fernot/ Moise :

Ex(md_a noise 1S o Pl’ﬂpﬂféj C’f{é—( CAOIV)VIE/- Ié Cav
be Car(ojd‘ff"aed info man_macle norse amcl notura ( noice
o/g Pomoﬁ'y on the source Of the noise f'clsa{f .



