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DSP exercise

s Linear Prediction
theidea of linear predictionis apowerful onein signalmodeling. It's also directly connected t
o the use of al-pole modelsin spectrum estimation.
In the prediction problem, we are given asigna x[n] and wewant to build a system that will p
redict future values. A linearpredictor does thiswith FIR filter,
xx[n] =sum(-a(k)*x[n-K]) for k=1,2,...P (1)
The best linear predictor will be one that minimizes an error such asleast squares. If we want
xx[n] to be a"prediction" of the futurevalue, x[n+r], we minimize
E = sum|x[n+r]-xx[n]|*2 for n 2
by choosing the predictor coefficients {a(k)} . The rang of the sum,to be specified later.
VERIFY that the minimization of E isto solve alinear equation in the matrix form as
-x=Xa
where the vector x and matrix X contain known signal values, and the
result of { a(k)} define the FIR linear predictor.
N DTFT of complex exponential
The Fourier representation of asignal viathe forward and
inverse DTFT isakey part of signal anaysis. The following Equation is the forward one.
DTFT(x[n])=X (exp(jw))= sum(x[n]*exp(-jwn)),
for n=-infinite to infinite
Derivethat DTFT of a complex exponential, which in form as
x[n]=z"n*u[n]
where z is a complex constant and u[n] is step function,can be achieve by an IR filter (atwo
order difference equation).
If |z]l=r<1 and phase(z)=thita, try to develop a simple formula ,relates the bandwith (hal f
decay or -3dB attenuation in frequency,domain) to r and thita.
=- Notch Filter
A notch filter attempts to remove one particular frequency.Suppose that a bandlimited contin
uous-time signd is known to contain
a 60 Hz interference component, which we want to remove by processing
with the standard system for filtering a continuous-time signal with a discrete-time filter:
xc(t)-->A/D-->x[n]-->Discrete filter-->y[ n] -->D/A-->yr(t)
Assume that the sampling freequency is 1kHz (signa is bandlimited to
avoid diasing), and the frequency response of the discrete filteris,
[1-exp(-j(w-w0))] [1-exp(-j(w+w0))]
H(exp(jw))=
[1-0.9* exp(-j(w-w0))][1-0.9* exp(-j (w+w0))]

Use any software such as MATLAB or LabVIEW to plot the magnitude and
phase of H(exp(jw)).
What the vd ue should be chosen for w0 to eliminate the 60 Hz component?
IR Group Delay
A convenient measure of the linearity of the phase is the group delay.The group delay of asys
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tem is defined as,
-d
t(w)=grd[H(exp(jw))]= ----{arg[H(exp(jw))]}
dw
This derivative cannot be taken directly unless the phase is unwrapped
to remove the 2* pi jumps. However, the phase unwrapping can be avoid
by using an alternative algorithm based on the discrete-time Fourier transform property that
if h[n]-->DFT-->H(exp(jw))
dH(exp(jw))
then n*h[n]-->DFT-->j* ------------- dw
Express H(exp(jw)) in polar form as H(exp(jw))=A(w)* exp(j* thita(w)),where A(w) isreal an
d prove the following property:
-dthita(w) j* [dH(exp(jw))/dw]

dw H(exp(jw))
ViR

AR ARIT K — A DSP exersicebook H1G/E H, FeHk T —LE LEA 78011, )8 1 [F]
— 1™ topic [, 454 AU KA g — 2.

IX N exercise book A2 i % 56 [F A 2% DSP course [ EINIZ 15, N1 DSP TR
HIELFE N 5 1. 26 T 1 St A X IR T H™ ) £ 2 J 8 X0 LA T TEE 7 A I 5224 n
1.

& H 1 2 H A2 BAE B CRERASAN B i) 73— 77 1K At 5 AT 4 40 4
& H ELIIR [ 58 [ 77 B 458 T\ AR L AR AE BB RE I 46 R H BBS 011 s “# R4
WA e ot — & 4.

5 — X 0(2) P 2 K 773 T LA A B — 26 P 77 20 XA L3 T A2 AN
SR 7, (L) ARG A — N AL

IR 45, [5] & DTFT of complex exponential /& —1>25 5051 () 6 R 2 1,
24 r<d B IELFHSL R — 1B IR B4 5 H AT 23 2, Pt i MR g 4 2 2C R —
Bt AT LL73 217 5.

O R AR IE A% ] — T B R WO R A2 A 4 BT L
WO= (60/1000)* 2* pi.

VYR A S R B T

ARICABKE LM, ZAEBOAEAEE T . i 72 Chttp://www.epcity.com/)
HEBIFHRIfERN PDF SCfF, U NS 2, AN AR H i, AWJER B . W
RIEN A PDF AR AL T AR ATBUR], 17K 15 epcity@epcity.com i &1, Atz B IER o

AR WA (QQ: 154502842) 2004-04-10


http://www.epcity.com
http://www.epcity.com/
mailto:epcity@epcity.com

