Discrete Fourier Transform (DFT)

used for finite-length signals, x,X € cN nk=0,1,2,...,

DFT basis vectors:

DFT matrix:

analysis formula:

synthesis formula:

energy conservation:

time reversal:
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notable DFT pairs:
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Discrete-Time Fourier Transform (DTFT)

used for infinite-length, finite-energy signals (x € (,(Z),X € L,([—m, ]))
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analysis formula: X(w)= Z x[nle /" X=DTFT {x}
. 1 (7 :
synthesis formula: x[n]= o J- X(w)e!*"dw x=IDTFT {X}
energy conservation: Z |x[n]]*= f | X(w)|*dw IIx]* = |1 X]|?
time reversal: xX[—n]e—— LN (—w) Rx L, X
conjugation: x*[n] LRSS *(—w) x* 20,
time shift: x[n—d]—— DT e 14X (w)
frequency modulation: e’ x[n] S x (w—)
convolution: (xxy)[n] LN X(w)Y(w) x*yﬂ XY
1 s
modulation: x[n]y[n]ﬂ o X(Q)Y(w—@)d@ xy£X*Y
notable DTFT pairs:
x[n]=6[n—d], deZ X(w)=e /@4
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Continuos-Time Fourier Transform (CTFT)

used for infinite-length, finite-energy continuous-time signals (x,X € L,(R))

analysis formula: X(f)= J- x(t)e 2™ iqy X =CTFT {x}
synthesis formula: x(t)= f X(fle*™tdf x=ICTFT {X}
energy conservation: f |x(£)dt = f IX(F)IPdf IIx]* = |1 X]|?
scaling: x(at) RN iX (i)
la| \a
time reversal: x(—t) AL x =f) %xﬂ 2X
conjugation: x*(t) AELLLN X*(—f) x* <L X
time shift: x(t — ty) <25 e I X(f)
frequency modulation: e/2mh! x(t) S x (f—15)
convolution: (x % y)(t) — X(H)Y () X*Y s XY
modulation: x()y(t) <> | X()Y(f—s)ds Xy 5 X+ Y
notable CTFT pairs:
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(all the following deltas are Dirac deltas)
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Z-Transform

ROC
definition: X(z)= Z x[n]z™" R,
linearity: ax[n]+by[n]<ﬁ>aX(z)+bY(z) R,NR,
time shift: x[n—d]< z7X(z) R,
convolution: (x*xy)n] <, X(2)Y(z) R,NR,
” 1
time reversal: x[—n] Zx (—) zlz7'eR,
z
conjugation: x*[n] < X*(z%) z|z* €R,
notable z-transform pairs:
x[n]=6[n—d], deZ X(z)=z" C
a” 0<n<M 1—aMz™M
x[n]= . X(z)= C
0 otherwise l—az!
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Multirate

k =Nk
upsampling:  x,[n]= x[k] n i Xy(z2)=X(z"N) Xy(w)=X(Nw)
0 otherwise
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ling: =x[N X = X(e ¥V X =52 X
downsampling: xp[n]= x[Nn] p(2) N,CZ_(; (e zZWV) p(w) N,CZ_(; (

interpolation: upsampling followed by lowpass filtering, w, =n/N

decimation: lowpass filtering, w. = /N, followed by downsampling

Stochastic and Adaptive

correlation: reylk]= Z x*[n]yln+k] Iy, = AZX'xy
n—oo N r, =ZX *X
rey[k]= lim x*[n]yln+ k]
Y N—oo 2N +1 n;v

rey[K1=E[x*[nly[n+k]]

DTFT

Power Spectral P, (w)=DTFT{r,[k]} r, —P,
Density (PSD):
1 T
total power: va = rx[()] = gf Px(C())dC() va — ||X||2 — rx[O]
PSD of filtered process: y=hxx = P(w)= |H(w))? P.(w)
PSD of white noise: P,(w)= of’ (constant)

PSD of quantization error, R bps:  P,(w)=A%/12, A =(Xpux— Xmin)/2"

SNR of quantized signal, R bps: SNR=6R dB




