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Signaleffekt och signalenergi — Parseval

Signaleffekt:  |x(t)" Signalenergi: J.|x(t)|2 dt

Parsevals relation, TK fouriertransform (specialfall):

j|x 1) dr= j dt_—jjx )e’” deo x” (1) dr =

—oo—o0

o) Jx*(t)eﬂw dt do =%IX(@)X”‘(@) do =%j|x(a))|2 do

Energispektrum: | X ()’

. - 1 .
Parsevals relation (generellt): _[ a(t)b’ () dt = Py Alw)B (0)dw
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Tidskontinuerlig fouriertransform

Krav p4 signalen x(r):

* Absolutintegrerbar: _“x(t] dt <oo

* Andligt antal diskontinuiteter.

* Begrénsad variation: T|x‘(t)| dt <oo

—oco

Transform:

X(w)= 7 {x(t)}= T x(t) e dt * Spektrum av x(f): X(w)

Inverse transform: ) AnlphtUdSpektmm: |X(0)l

)= X (@)= [X(@)e™do| * Fasspektrum: arg{ X ()}
” —oo
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Tidsdiskreta fourierserier och -transformer

TD fourierserier
Krav pd signalen x[k]: Periodisk, period K ;.

Ky-1
xlk]= ZDnejanO =— z xlk Je 7 Q,=2x/K,
n=0

0 k=0

TD fouriertransform

Krav pa signalen x[k]: Icke-periodisk. Absolutsummerbar.

xk]= % 2j'”x (Q)e ™ aQ X(Q)= kix[k]e_jm

Periodisk med period 2m.
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Egenskaper hos fourierserieutveckling

Lat x[k] och y[k] vara periodiska signaler med period K, normerad
vinkelfrekvens Q, och fourierseriekoefficienter C, respektive D,,.

Signal Fourierseriekoefficient # n
ax|k]+bylk] aC, +bD,
X[k _ k()] Cnefjnﬂokn
x[— k] C,
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Viktig egenskap: Fordrojning — exempel

Energifritt:
ylk] initialt O.

Notation: X(Q)=.7{x[k]} Vi har: Tk -k, J}= e X(Q)
Exempel: Ur figur: ylk]= x[k ]+ ayk 1]
= ykl=aylk ~1]= 2lk]

Transformera =
Y(Q)—ae Y (Q)=X(Q)

= (l—ae )y (Q)=x(Q)
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Utsignal fran ett tidsdiskret LTI-system

Notation: AQ)=.Falk]} B(Q)= 7 {plk]}
Egenskap: g«-{(a*b)[k]}:ki(a*b)[k]ew:2 ia[n]b[k_n]wﬂk

/m i/ = > ;oa[n]b[ ] —jQ(n+m)
- Za[n]e"m Zb[m]e_’ﬂm =AQ)B(Q)

n=—co Mm=—oco

LTI-system:

x[k] hlk] ylk] = (e<h)[k]
X(Q) H(Q) Y(Q) = X(QH(Q)
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Mera Parseval

For TK fouriertransform:

For TK fourierserie:

For TD fouriertransform:

For TD fourierserie:

Sl =gﬂx(g)~ 0

];x(ty di =217[]1X(a)}2 dow

TO oo
Ti [} dr= 3 |p,
00 n=—co
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DFT — Diskret fouriertransform

Tidsdiskret signal med begransad tidsutbredning:

xk]=0 for ke{0,K,N-1}

oo N-1
Fouriertransform: X (Q)= > alkle " => x[kle”  Kont. m. period 2r.
k=—co k=0
N-1
o n —jenk
DFT av langd L: X, (n) = X(an) =) x[kle /¥T
k=0
for ne{0,1,..,L—1}
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DFT — Periodisk faltning

Vi &r vana vid: YQ)=XQH(IQ) o ylk]= (x*h)k]
1 2z
Men vi har: ylk]=xklk] o Y(Q):z— IX(CD)H(Q—(I))d(D
4 0
L-1
Med DFT: Y,()=X,0)H,(n) o vlkl=> x[mlh,[k—m]
m=0
Men ocksa: vlkl=x[kln k] = ZX —m)
m—()
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IDFT — Inversen till diskret fouriertransform

LSy () Diskret med
IDFT: x — U = xk+L]=x, k] iskret me
(e L ; - - period L.
Forhallande till x[] :
1L1N1 727rm erk N- 1L172Ir(ml\) i .
Z x[m ! e z xlm Z ! L = Z xlk —iL]
n=0 m=0 n=0 i=—oco
%’_J
B L, m=k modL
“lo,  for ovrigt
Om L<N sa fér vi 6verlapp
mellan de olika kopiorna. *lk + 2n] *lk + 7] . *[k] *lk =l
Detta kallas vikning. 17 [ ]’ [ ‘ ‘i
» |l 1, I %
Darfor: Krav L> N N T A [ S Tw el e
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Exempel pa fonster, N=32

Rektangularfonster: wln] =1, ne{0,1,...,N-1}
win] i‘é‘/[f '(./ Vi Ve Yo ! )
Syt
n o
Hammingfénster: wn] = 0.54 — 0.46¢c0s(24), ne{0,1,...,N-1}
wir] L ot Y% Y L,
~4o
L@ﬂﬁmﬁﬁm& WYVWYWWWVW
T n - 100}
Blackmanfénster: w[n] = 0.42 — 0.5cos(%4) + 0.08cos( 2
ne{O,l, LN
dl;; [UJL 3‘/N Yy Ve . S/ ] .
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