EE3660 HW5 105060012 EEFA

Part I. Paper Assighment

1. This problem examines conversions between various filter specifications. Given
the absolute specifications 65 = 0.0001 and wp = 0.3, wg = 0.5m, determine
the relative specifications Ag and w, Aw.

wptwsg

Ag = —20log,, 65 = 80dB, w. = — = 0.4m, Aw = wg — wp = 0.2m

2. The Hann window function can be written as w[n] = [0.5 — 0.5 cos(2mn/M)]wg[n]
where wg[n] is the rectangular window of length M + 1.
(a) Express the DTFT of w[n] in terms of the DTFT of wg|[n].
(b) Explain why the Hann window has the wider mainlobe but lower sidelobes

than the rectangular window of the same length.

(a) x[n] cos(wcn) © %X(ei(‘”wc)) + %X(ei(w—wc))

S W(e) = W(e) - 2 (WR (550 + w (emw-iﬂ))

(b) Hann window i[5 4 —2ff] Rectangular window FEJEi 1/4 13 /545 /%
e12"/M [f] Rectangular [5% - DX Hann window €75 EL# (] mainlobe
FIEL#E /N sidelobes

3. Consider a FIR filter with impulse response h[n] = u[n] - u[n - 4].
(a) Determine and sketch the magnitude response |H(ej‘*’)|.
(b) Determine and sketch the amplitude response A(ej‘*’). Compare this sketch
with that in (a) and comment on the difference.
(c) Determine and sketch the phase response 2H (/).
(d) Determine and sketch the angle response ‘P(ej‘*’). Compare this sketch with
that in (c) and comment on the difference.
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(b) Odd order M; even tap L =M + 1, symmetric = Type Il

H(e') = h[0] + h[1]e7® + h[2]e72® + h[3]e 1% = (2h[1] cos (%) +

2h[0] cos (3_m)) e_j(%)‘” = A(ei“))e_j@)‘“

2

= A(®) = 2 cos + 2 cos )) )

4 Amplitude Response of DTFT
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= [A(e?)] = H(e)
(@) H(e®) = 222 — [H(eio)[eleH ()

1-el®
= 2H(?) = £(1— e7*@) — £(1 — &®)

Phase Response of DTFT
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= Y(e/®) = unwrap 2H(el®)
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4. Consider the type-IV linear-phase FIR filter characterized by antisymmetric
impulse response and odd-M.
(a) Show that the amplitude response A(ej‘“) is given by (10.38) with coefficients
d[k] given in (10.39).

H(el®) = Zﬁ (d[k] sin[ (k - —)])]e SR ]A(el“’)e 2 (10 38)
M+1

d[k] = 2h [—— ] (10.39)

(b) Show that the amplitude response A(ej‘”) can be further expressed as (10.40)
with coefficients d[k] given in (10.41).

A(e®) = sm( ) 1((M0 D/24[K] cos(wk) (10.40)
~(2d[o] —d[1]), k=1
dlk] ={@[k—1]—d[k]), 2<k < (M-1)/2 (10.41)
~d[(M—-1)/2], k= (M+1)/2

(a) H(e) = XMo h[nJe, h[n] = h[M — n]
- 4 H(ej‘*’) = h[0] + h[1]eTJ® + .-+ h[M — 1]e TM-D® 4 h|M]e M®

_ (h[O]ej%‘” +h[1]eG )9 4o g M — 1] TG 4 h[M]e_jg“’) oo
- o1 (2o + s (- 1)) + i (- 2)o) + -+
(2o

= (and sin (%) + d[k - 1] sin ((% - 1) w) + 4 d[1] sin (g))je—i@)w

M+1 ioM

> HE®) = 5,2, (dlksin o (k=2)])je™> = ja(ee)e™>
> dK] = 2n %2 - k]
(b) sin(a + B) = sinacos B + cosasinB — 2sinBcos a = sin(a + B) — sin(a — B)
) = 5 (s (k)]
= d[1]sin (£) + d[2] sin (%) + -+ d[k - 1] sin ((g_ 1) m) +dlidsin (1)

= d[1] sin (9) + d[2] (2 sin (%) cos(w) + sin (%)) + d[3] (2 sin (%) cos(2w) +

2

Sm( )) +--+dk—1] (2 sin (%) cos ((M‘;)“’) + sin ((M—24)(o)) n
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0 20 5o (222) o (852
= sin (2) [(ala] + -+ a[*=]) + 2 (al2] + -+ d[=]) cosw +

2

2 (d[3] + 4 d [%D cos 2w + - + 2d [%] cos (%oo)]
. (w (M-1)/2 5
= sin ;) M=D72 §[K] cos(wk)

2> A(®) = sin (%) l((l\;[0—1)/2 d[Kk] cos(wk) with

~(2d[0] —d[1]), k=1
dlk] ={-(d[k— 1] —d[k]), 2<k < (M—1)/2
~d[(M—-1)/2], k= (M+1)/2



