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[ X, FS, NBI TS] =wavread(' Art.wav'); .
figure(1) QJLLD -
subplot(3,1,1);

pl ot (0: 15999, x(1: 16000)); yl abel (' x(n)");
subplot (3,1, 2);

pl ot (0: 1999, x(1: 2000)); yl abel (' x(n)");
subpl ot (3,1, 3);

stem(0: 99, x(1:100),".");ylabel ("x(n)");
xl abel (" n \rightarrow );

wavw i te(x, FS, NBI TS, ' out . wav');

sound( x, FS);

I:IE 1 1 1 1 1 1 1
- E 0 _Wmfmw
-~
FS _DE 1 1 1 | 1 | 1
- 0 2000 4000 6000 8000 10000 12000 14000 16000
expl.wav
I:IE 1 1 1 1 1 1 1 1 1
2*FS =
1 2 _DE 1 1 1 | | 1 1 1 1
expl_cs.wav 0 200 400 GO0 800 1000 1200 1400 1600 1800 2000

0.02 . . . . . . . . .
0.5*FS > = . i
= mm;mmuu I lluu;umr * MWW

X
=
=
b2

expl 3.wav

. ) P 10 20 30 4 50 B0 70 a0 a0 100
C§JCUb.D).M.1 @&M n—s




Jio =

% Read 1 nput sound file into vector x(n) and
sanpl i ng frequency FS

[ X, FS, NBI TS] =wavr ead(' Art.wav');

% Sanpl e-by sanple al gorithmy(n)=a*x(n)

a=9;

y(1l:length(x))=a.*x(1l:length(x));

% Wite y(n) into output sound file wth nunber of
% bits Nbits and sanpling frequency FS
wavwrite(y, FS, NBI TS, " A Art. wav');

Original(Art.wav) Modified(A_Art.wav)
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Nyquist theorem csjbp dgad =
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Nyquist theorem -
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A0 1) )00 @ 2308 31T )60 (Tw)s
fS > 2fmax

f .. 1 the highest frequency component

sosns f, o F; pgnbs oaigsd guilsye ansplis e
B0 BN 0062 1) sabuly ainl
fs>2 (f,-f,)
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a4l
06} T Quantization Noise
aal i

it
| 1 | | | | | | 1
0 000 0004 0006 0003 001 02 0014 0016 0018 0.02

N Bits => 2N levels

http://web.mit.edu/hst.723/www/
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Time domain frequency domain

16bits.wav 1
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J0
guantized to 256 linear levels - guant256.wav
guantized to 16 linear levels -

guantized to 4 linear levels - guant4.wav "
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% generate a conpl ex signal i T e
fs = 10000; IR T T T T T T . .
t = 0:1/fs: 0. 1; | T : : :
X = sin(2*pi *500*t) + sin(2*pi*3000* o I — . B T T .
wavw i te(x, fs, 16, ' outsinl. wav'); 2 o L3
plot(t, x) =Sont NN NN N - S T U TS T
figure; E

LE" . . TN N W T N o o
% per f or m 1000- poi nt transform
y = fft(x, 1000); e b TN WO NN B S .
anpl i t udes T T T A I
y = y(1:500);

0 i ) ; ; i 7 ]
a 800 1000 1800 2000 2500 3000 3800 4000 4500 S000

m = abs(y);

% pl ot spectrum 0. .fs/2 ?

f = (0:499)*fs/1000; 15}

pl ot (f, m; % pl ot nmagl 1
yl abel (' Abs. Magnitude'), grid on;

0.5

0

-III.5

> -1

-1 A H

. . _2 1 1 1 1 1 1 1 1
CSJ‘UUD)WI cslauan 0 001 002 003 004 005 006 007 008 009 01



X = sin(2*pi*500*1);

1 T T T T T 5':":'
n.a H 450
0.6 M 400
0.4 H x 350
0.2} H = 300

=

‘=
oH H T 250

=

o
02H = 200
0.4 4 150
0.6 R 100
0.5 H M &0
-1 0
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| | | | | | |
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- outsin2.wav
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X = sin(2*pi*200*t) +sin(2*pi*400*t)+ sin(2*pi*600*t)+sin(2*pi*800*t)+sin(2*pi*1000:l);

4 : ; GO0 _, ! ! .f
so0 k- ...é.....f ......... é ........ ; ........ ; ........ é ........ ; ........ ?
A0 k- ”..; AL ] N— ;.“.._é ........ ; ........ ; ......... é ........ ;

.........................................................

—_
_

: —_— |
Ahs. Magnitude
[N]
=

oo k- @...... ........ ; ........ é ......... ; ........ i ........ ; ......... ?

k- é...... ......... ; ........ ; ........ é.”..”.é ........ ; ........ ;

] ] i ] ] ] L
'40 001 002 III.IIIIS 0.04 IZI.IIIIE 006 007 EI.IIIIB 00g 01 0 500 1000 1500 2000 2500 3000 3500 400

- outsin3.wav o)
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Spectrogram o)y e =—
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X(t) = Acos(27 F ()t + «)
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007 0

0.8 |
0.6 |
0.4} H a000 I I
0.2k 4500 | | | I
4000
Ot
3500
E 3000
g 2500
E 2000
i 1500
| | | | ! 1000
0 0.005 0.01 0.015 0.02 0.025 0.
time (sec) 500
0 il |
LR 0.0z 0.04 0.05 0.06
Fs=10000; Ts=1/Fs; t=(0:999)*Ts; S eg{nr"ao cam
y=chirp(t, 100, t(1000), 4000); P 9
plot(t(1:300), y(1:300)); 3 &-B
sound(y, Fs) : ¥
wavw i te(y, Fs, 16, ' chirp.wav'); i
spectrogran(y, rectw n(256), 250, 256, Fs, " 'yaxis');

pic
- chirp.wav



Jio =

|
|

spectrogram(y, rectwin(256), 250, 256,Fs,'yaxis’);

4500

_1 | | | | |
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4000

time (sec)

3500

. )
(45] o
2 2
o o

Frequency (Hz)
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Frequency {(Hz)
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My —

spectrogramy, hamm ng(64), 62, 64,Fs, yaxis');

Frequency (Hz

35 4 45 5 5.5 5 65
Tlme ¥ 10
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Fs = 44100; C;‘“ -
n = randn(3*Fs, 1);

n =n/ max(abs(n));

subpl ot (211)

pl ot (n);

subpl ot (212);

specgranm(n);

sound(n, Fs);

wavw i te(n, Fs, 16, ' noi se. wav');

- noise.wav

Frequency

02 04 06 08 1 o e 8 \?'A

stz cslakan e



[s, fs] = wavread(' pi a60.wav');

plot(s),grid on;

figure;

s2 = resanpl e(s,

specgran(s2, 512,
sound(s, fs);

1, 3);
fs [ 3);
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S=Rx((b/B)xCxD

S file size

R sampling rate

b resolution

C channels

D recording duration
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Q] awwlas

bytes

samples per second
bits

1 - mono, 2 - stereo
seconds




Jio =

44.1 o5 L gywl Gxjge S ) Al oy )5 e

) 2 (50)183) (@aiS (sjlwopdd Ciy 16 L ) )b
235 Olbus

S = 44100 x (16/8) x 2 x 10

=1,764,000bytes
= 1722.7Kbytes &
= 1.68Mbytes =i
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Signal to Noise Ratio(SNR) DY S cad =—
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Signal to Quantization Noise Ratio (SQNR, SNgR)
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the Peak signal-to-noise ratio, PSQNR: peavlf siggal and peak noise
oo a5 JBaas @ GeIG1 Jlosal Jdsys Sy )
oD @303 CIAlgiSy gL @ OB (3L g3
13310 Cuws @ B G @ SQNR sl
1

2N~
PSONR=2010
@ glO 1/2

=20x Nxlog,, 2 =6.02N(dB)

*PSQNR is approximately 6 dB per bit.
'N~SQNR
*16-bit => 96 dB
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Threshold of hearing 0]
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Very quiet room 20
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Conversation 60
Busy street 70
Loud radio 80
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Non-uniform quantization
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{ | | | ],JIl—law or A-law
08F
0.6
04l n-law: 1= 100 1
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A-law, is used in telephony in Europe
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Amplitude
A

Y

Original analog signal
and its corresponding PCM signals

Amplitude
Amplitude A

A
L

L i
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A%V
Decoded staircase signal Reconstructed signal after low-pass filtering
KKK
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PCM signal encoding and decoding -

Input analog 1-law or
_ ¥ Bandlimiting - \
speech signal ¢ o £ . A-law L 5| Linear PCM
ilter
COmpressor
Transmission
‘1!’
Outp u; aqalogl Low-pass H-law or Digital-to-analog
speech signa /-pass it
P gnal P < A-law < - -
filter converter
expander
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s ; . Data Rate Data Size in
: ampling its per .
ualit 1 minute
Quality Rate (KHz) Sample Kbits/s Kbytes/s
1 hour
64Kbps 480KB
Telephone 8 8 (Mono)
8 28.8MB
. 88.2Kbps 660KB
AM Radio 11.025 8 (Mono)
11.0 39.6MB
. 705.6Kbps 5.3MB
FM Radio 22.050 16 (Stereo)
88.2 317.5MB
1.41Mbps 10.6MB
CD 44.1 16 (Stereo) P
176.4 635MB
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Alalb¢,0 (Pulse Code Modulation)
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Deferential Coding of Audio
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Differential Pulse Code Modulation (DPCM) e

y T

f(n)=156,157,158,158,156,156,154,154,155
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fn — the original signal

f; — the predicted signal

ﬁ, the quantized, reconstructed signal

) o Anony JBSuws 33060 S sakawsly @ °
Jwyl ) o )1 w0 shd ol JEaww
O (0

En — fn _f?i!
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R function_of(f;,_l,, ﬁ,_g, };_3, ) s
€n = fﬂ _ ﬁi )
én = Qle,],

transmit codeword(e,) ,

reconstruct: f:, = fn+ €n. 5!25
F)
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SIS csaa cJga =—

DPCM quantizer reconstruction levels,
e, In range | Quantized to value
-255 .. -240 -248
-239 .. -224 -232
-31 .. -16 -24
-15 .. 0 -8
1. 16 8
17 .. 32 24
225 .. 240 232
241 .. 255 248
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i f2 fa Ja fs
130 150 140 200 230

N /
\f =£130, 130, 142, 144,

e = 0, 20, —2, 56,
& = 0, 24, -8 56
—{130, 154, 134, 200,
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