Homework 3 (Due: Nov. 16)

(1) (a) Compared to the original STFT, what is the advantage of the S transform?
(b) Compared to the Fourier series, what is the advantage of the 3-parameter
atom? (c¢) Compared to the original FT, what is the advantage of the FrFT in filter
design? (15 scores)

(2) Why using (a) time-frequency reassignment and (b) the Gabor-Wigner
transform can obtain even clearer time-frequency distribution than using the
original Gabor transform? (10 scores)

(3) Suppose that the WDF of x(¢) is (0.6) (4,6)

| (4.0)
(a) What is the WDF of FTlexp(j?)x(t/2 — 1)]?

(10 scores)

A (098)
(b) How do we convert the WDF into (3.5)

by performing the LCT on x($)? (-3, 3) (10 scores)

v



(4) Suppose that the WDF of a signal is as the left figure. How do we change its
WDF into the right figure?

(0,3)

(6,3)

(0,0)

(6, 0)

(10 scores)
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(5) Suppose that X(¢, f) is the STFT of x(¢) and X(¢, f) > threshold for

21+ <8, —t+2f<6,and f> 1.

If x(¢) 1s interfered by white noise, how do we use two filters designed by the
FrFTs together with one filter design by the FT to reduce the effect of noise?

(10 scores)



(6) Write a Matlab or a Python program for the Wigner distribution function when
the input function has a finite duration.

y = wdf(x, t, f) (35 scores)
X: input, £: samples on 7-axis, f: samples on f-axis

(i) The code should be handed out by NTUCool > (ii) * function £ £ & =
Foo0 (i) p e E - B input x 0 * R iR K- output y B i\v E
(iv) * tic fr toc edg 4 K3+ B 425" 0 running time > (V) #2344 {7 OPF R 0 A%

TEARLF (7 unbalanced form 3 Zf ¢F 4e &)

Ex:

del t=0.0125; del £=0.025;

t=-9:del t:9; f=-4:del f:4;

X = exp(J*t.22/10-j*3*t).*((t>=-9) &(t<=1))texp(j*t."2/2+;*6*t). *exp(-(t-4).2/10);
tic

y=wdf (x,t,);

toc

(Extra): Answer the questions according to your student ID number.
(ended with 0, 1, 3,4, 5, 6, 8, 9)



