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Exercises in Computer-Aided Problem Solving
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Signal processing
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BREIEEDHEMAEY: audioread
>> [x,freqg]=audioread('test.wav');
X BEEDHEES
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(1ch.»E/ZIL-2ch.»XTL#)
freq: TV T EIRE > #3: HT) UJREE
BERIESDHAE: sound
>> sound (x, freq);
THDFFEE

>> sound(x,0.7*freq) ;
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>> N = rows (x); 1/freq 1/freq \
>> ttl time = (N-1)/fregqg; | | |
@ @@ o
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>> t=linspace(0,ttl time,N) "3 XEBHhEA-OIZERE
(LIGLTHI 213411 5)

linspace(start, goal, n) : start /5 goal FTEFRIRICR Yo~ n FIDITNIRIL

>> plot (t,x) [JE—
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[sin(a + B) +sin(a — B)]

=&z 1L > W*ﬁ%%—'—ﬁ sina cos B =

sinasinf =

1
z
> [cos(a + B) —cos(a — B)]
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cosacosf =

> [cos(a + B) +cos(a — B)]
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[sin(a + B) +sin(a — B)]
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[sin(a + B) +sin(a — B)]
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exp (_IW fi3r. )
( {}T ) ( Cp )
exp| —1—1is -1 N) ¢
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>> U = exp(i*2*pi*[0:N-1]"*[0:N-1]/N) ;
>> X = U'*x;

EIRBDTED, BEELEEDPCTIE U DHAX

211289 x 211289 ~ 446 15
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>> size (X)
ans =

Fggé? 21uw91_‘%%ﬁ&ﬁ35$%
b >> X (50000) <HIZIF50000&DT—3(E
ans = -5.5782 + 3.21764 <cosar& sin oy GRELAGIARICERR)

>> exp (—i*2*pi* (50000-1) /N*[0:211288]) *x
ans = -5.5782 + 3.21761

>> X (N-(50000-1)+1)
ans = -5.5782 — 3.2176i <EHP (sin fk%) DA EE
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>> f=linspace (0, freg-freqg/N,N) ;
>> plot (£, aks (X))

E R Dt xHE (Absolute value)
LIGAIZRAL arg

1400
1200 1 \
1000

800

600

| FILTYYER-ST
EITIEE

~~
fd
=
i
r (Jp)
X 4
N ~
N wn
@) Re)
© I
- =
% g
= L2

DDDDDDDDDDDDDDD

1&g fshift

u T—ARZEXFRZT S fftshift

>> Xshift=fftshift (X);
>> fshift=f-(floor (N/2))*freq/N;
>> plot (fshift,abs (Xshift))
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7= IEBOFED plotPsoundEHETBE...) é@

[x, fregq]=audioread ('test.wav'); <7 —FEHAH

N=rows (x) ; TERE

ttl time=(N-1)/freq; <HEREOE
t=linspace (0, ttl time,N)'; < B ] SR80 T D A5 8 A
X = fft(x(:,1)); <FFTHEHTL, XIZHA
f=1linspace (0, freg-freqgq/N,N) '; <« BlREpEIE T O 15 E
Xshift=fftshift (X); «f=0ZHZ T Ghitdmh)
fshift=f-(floor (N/2)) *freq/N; «f= 0 ZFlZI T (FEE)

By ] pE 1K Rl maLE (f = 05V o35 ES) f= 0z E

x: RIS TOER®RE X BRBSEEHTOIERRE  Xshift
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ABIZEZAVNVTHAT/ A1 XEAND

>> x n=x+0.5*randn (size(x));
L, JAZXAYESX n: xERY A XADEHEEVES

>> sound (x n, freq);

>> plot(t, x n);

BlRHMEETR DL,

>> X n shift=fftshift (fft(x n));

1000

>> lot (fshift,abs(X n shift(:,1))) \\\\\;
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SRR ERYRKRE, $7—ITEH (itft) T3
1
B o va—E#EES
>> filt = abs(fshift) < 3000;
| ] .
TERLIERTLHE 15T 5. 0
SHMNERDL, BEL0ERT. 3000 3000
fshift fshift<3000
2.9991e+003 1
2.9993e+003 1
2.9995e+003 1
2.9997e+003 1
2.9999e+003 1
3.0001e+003 0
3.0003e+003 0

—~— —~— o~~~ —~— —~— —~ —~ ~

XEEIE Dfilter HEHEL THELTULNSAY,
B DBE#MIAHLIDT, BERZEEITH-HRABEEZTLNS.
Octave TIX FHIFBIZHLIRATTETLESIIDT, FTHHEHBIN ST ILEELELENHS.
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B FFT: et

>> x n filt = 1ifft(1fftshift(X n shift.*filt));
- = e

TERTEFEIIZELY, 3000 HZADIE(FOIZ
» fftshiftDIINETIZRET.

>> sound(x n filt, freq) T4 E3—1ZDERZETHED
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x n=x+0.5*randn (s1ize (x));

X n shift=fftshift (fft(x n));

filt = abs(fshift) < 3000;

x n filt = 1fft(ifftshift(X n shift.*filt’));

B ] pE sk B #h pE 1S
i X FFEfEETOEETHRE
feaan WARSdT-IED
X_n: XIZ/A Xzt X_n_shift: x_nDFFT (&51Zshift)
|
filter:
X_n fl|t f||ter1§:0)1.=.7? 3000 Hz up;“j:l
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1. testwav ZFFTICKYREIRM A FEL, TDES (BFfE-8E) &0 f#FR
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2. 1L.THELEESITONT, IREODSWES (BHEX, &EDES
M1/100F T, L{I1000FEET, GHEEEIZERTEL, AT ORIE
ATHIE) TR LTHREDELMETZAVN, BFFTICE>TERE
ExEL (EBDEHE)

3. test w_noisewavZ7 A JLidtestwaviZI HBEEBDM T 1 /AR E
LTEELTHERLIZ=7M4ILTHS. TDtest_ w_noise.wavhic /A
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EbERHICDINT

J57% Z DU LEIGEIZIE
subplot (i,j,k) &lLWavTUrhEZS.
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subplot (1,2,1); plot (~~~

Index 1 Index 2
subplot(1,2,2); plot (~~~ DX DE
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