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* Basics about Audio Signals

= Audio signals: signals that are audible to human

= Basic perceptible acoustic features of speech Cowi

= Volume (& &): the amplitude of audio signals
- Also known as intensity, or energy.

« Pitch (¥#%5): Fundamental frequency (the number of fundamental
periods in a second) in audio signals.
- Usually males have a lower pitch while females have a higher one
= Timbre (Ff4): Waveform inside a fundamental period.

- Different vowels have different timbres
- Different singers also have different timbres.

=« Demo via CoolEdit
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Time-domain Features

« Time-domain audio features presented in a
frame (analysis window of 20-40 ms)

taiwan.wav
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i Frequency-domain Features

= Frequency-domain audio features in a frame
= Energy: Sum of power spectrum
= Pitch: Distance between harmonics

= Timbre: Smoothed spectrum Second formant

First formant r Pitch freq F2
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[y, fs]=audioread('welcome.waVv");

sound(y, fs); % R E R
time=(1:length(y))/fs; % FFRAIdAY A &
plot(time, y); % =5 HIRFF A TE
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* Read, Write and Playback

= Use “audioread” to read a .wav file, plot its
waveform and play the sound.

. audioRead01.m

0.4

[y, fs]=audioread('welcome.waVv');
sound(y, fs); % Playback

plot(time, y); % Waveform display

time=(1:length(y))/fs; % Time vector ol
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l A

* Read Metadata from .wav Files

= Reading metadata
- info=audiolnfo('file");
- Different types of
audio files may return
different fields of info.
=« TWo types of reading
data from audio files

- Read audio signals
. y= audioread('file")
= Read metadata
. info=audioinfo('file")

Metadata of a .wav file

= audiolnfo01l.m

fileName='flanger.wav';
info=audioinfo(fileName);
fprintf('fE %48 = %s\n', info.Filename);

fprintf('MEAE 5= = %s\n',
info.CompressionMethod);

fprintf('3@IEE % = %g #\n',
info.NumChannels);

forintf('BUAE=R = %g Hz\n', info.SampleRate);

fprintf(' BUbRBHAE % = %g {#E\n',
info.TotalSamples);

fprintf(' & AEEE = %g #\n', info.Duration);

fprintf(' Uk B AT S = %g A7 oo/ B \n',
info.BitsPerSample);
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* Metadata of Other Audio Files

« *.aif = *.mp3
= audioInfo02.m = audiolnfo03.m
fileName="'whale.aif"; fileName="youAtLeast.mp3';
info=audioinfo(fileName); info=audioinfo(fileName);
disp(info); disp(info);
Filename: 'D:\users\... Filename: 'D:\users\...
CompressionMethod: 'Uncompressed' CompressionMethod: 'MP3'
NumChannels: 1 NumChannels: 2
SampleRate: 2000 SampleRate: 44100
TotalSamples: 4000 TotalSamples: 317953
Duration: 2 Duration: 7.2098
Title: [] Title: '02_F/ViEA K’
Comment: [] Comment: []
Artist: [] Artist: "ARIESE
BitsPerSample: 16 BitRate: 128
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caling of Audio Signals by

“audioread”
= Internal data types of . Verification of
audio signals in a file MATLABs’ scaling
EAGE e = audioRead03.m
#0) re— ..
_ _ 8 fileName="'welcome.waV';
u 8 bItS [l umt8, [O, 2 '1] [y, fs]=audioread(fileName);
. 16 bits [ int16, [-215, info=audioinfo(fileName);
215_1] nbits=info.BitsPerSample;
, % Y0 RS R E R R E
- MATLAB's met.:hO(-:I to y0=y*(2/nbits/2)+(2nbits/2);
Scale Fraw aUd|O S|gnals difference=sum(abs(y0-round(y0)))
to the range [-1, 1] |
. 8 bits [J (y-128)/128 - difference = 0

in integer

n 16 b|ts I:l Y/3276[ Original audio signals]
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= audioread F]LLFE HiEE
A E B ST e (Stereo)
EoR=Y - is AL
SEAWEAT, F—H
ITIRE— AR
o

ARG L e A T W\ R
1% !

S SERICES

= audioRead04.m

fileName="flanger.wav';
[y, fs]=audioread(fileName); % & H % aAkE

sound(y, fs); % &
left=y(:,1); % FERFIEE A
right=y(:,2); % FHEFEE A

subplot(2,1,1), plot((1:length(left))/fs, left);
subplot(2,1,2), plot((1:length(right))/fs, right);
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Read Stereo Audio Files

= audioread” can also
read stereo audio files.
The returned variable
has two columns
representing two
channels of audio
signals.

Moving sound sour
between two speakers!

= audioRead04.m

fileName='flanger.wav';
[y, fs]=audioread(fileName); % Read

sound(y, fs); % Playback
left=y(:,1); % Left channel
right=y(:,2); % Right channel

subplot(2,1,1), plot((1:length(left))/fs, left);
subplot(2,1,2), plot((1:length(right))/fs, right);
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e
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« MR EFFEIRKR, ByE—RGEAGLIER, Mt n] L
{55 /] audioread K8 H B #& B —355 443, 540 -

= audioRead05.m

[y,fs]=audioread('welcome.wav', [4001 5000]);
figure; plot(y)

% FEHE4001725000%,

g
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] il
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Read a Portion Only

- If the audio file is too big, we can read a portion
from the whole file:

= audioRead05.m

[y,fs]=audioread('welcome.wav’, [4001 5000]); % Read data points 4001 to 5000
figure; plot(y)

100 200 SCIJO 4(1)0 5(l]0 6(‘30 7(I]0 8(I)O 9(I]0
: N—— ]
Obvious fundamental periods!
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i Playback of Audio Signals

= Once we have read audio signals, we can
perform all kinds of processing, such as
volume modification, pitch scaling, noise
reduction, etc.

« 10 verify the result, you need to play the
audio via speakers, as shown in the
following examples.




MATLAB 2 GG AR B ilda e, SRELELRE fik

e s (1/2)

n — EI MATLAB n,\]\ﬁ El:;&jj& _‘F'er
AEEE, Wit 2 5% E R . audioPlay01.m
—'ﬁz ﬁiﬁ HH El/j f;f%&{ﬁ load handel.mat % # A 7R

ﬁzﬂaq Ej:jj//uﬁ#i ) sound(y, Fs): % &z A
sound 54 ke [ B 47 5 i A
AR . audioPlay02.m

[y, fs]=audioread('welcome.wav'); % # A& iR
sound(5*y, fs);% &5 il

load handel.mat % # A 5EA

sound(y, Fs); % &5 iR

soundfRE MOt 5 TIRFIEFR Il |
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Playback (1/2)

« We can use “sound” « Audio playback

to play audio signals . audioPlay01.m

that haS been read load handel.mat % Load audio
and stored as a sound(y, Fs); % Playback
variable in MATLAB's . Simultaneous playback
workspace. . audioPlay02.m

[y, fs]=audioread('welcome.wav'); % Read audio
sound(5*y, fs);% Playback

load handel.mat % Load audio

sound(y, Fs); % Playback

L
Playback mode of “sound” is asynchronous!
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i
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Fz, RIJAZEER

Pl NEDE R

audioplayer

play
playblocking

1Zhhe

ST (2/2)

o RICE S
= audioPlay03.m

load handel.mat % & A 53
p=audioplayer(y, Fs);% F@%W@ﬁc
play(p), % W‘ﬁz

o VBT TR B
= audioPlay04.m

[y, fs]=audioread(‘welcome.wav’); % FEAH N
p=audioplayer(y, fs); % & AR it

playblocking(p); % FEHCE A
load handel.mat % #AE A
p=audioplayer(y, Fs); % &&=t
playblocking(p); % FEHCE A

playblocking ¥ fichia % MR FE fi |
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Playback (2/2)

« If you want to control « Single playback

the playback mode, . audioPlay03.m
YOU need tO invoke load handel.mat % Load audio
] p=audioplayer(y, Fs);% Player object
other .commands. ey % Payback
- audioplayer = Seguential-playback
- play . audioPlay04.m

= playblocking

[y, fs]=audioread(‘welcome.wav’); % Read audio
p=audioplayer(y, fs); % Player object

playblocking(p); % Playback
load handel.mat % Load audio
p=audioplayer(y, Fs); % Player object
playblocking(p); % Playback

ol
Playback mode of “playblocking” is synchronous!
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ARV TE, A FAM o] 5

=, 540
= playVolumeOl.m

&
& X

iy

i
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pu
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e

=

[y, fs]=audioread('welcome.wav');
p=audioplayer(1*y, fs); playblocking(p);
p=audioplayer(3*y, fs); playblocking(p);

p=audioplayer(5*y, fs); playblocking(p);

% 1 R RRERYE A
% ik 3 FEERMEAE A
% &/ 5 FEEERYE A

B R A AT 3 S SRR, e 2
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Change of Audio Amplitude

= Volume of audio signals is determine by their
amplitude. Here are modify amplitude to
change the volume:

= playVolumeOl.m

[y, fs]=audioread('welcome.wav');

p=audioplayer(1*y, fs); playblocking(p); % Original audio
p=audioplayer(3*y, fs); playblocking(p); % Audio of 3x amplitude
p=audioplayer(5*y, fs); playblocking(p); % Audio of 5x amplitude

R
The playback doesn’t sound like 5-times louder, why?
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Y AR (1/2)

o INRAERESRE, SOBEUERBAER, ph SO R
AR R, i 52 B =,

o TE B, BAMTEEETR = R R BB AR R, B
B ARk B R | B, At HH B
JEENGHIE 5, 2Tk 2

= playFsO01.m

[y, fs]=audioread('welcome.waVv');

~

it

p=audioplayer(y, fs);

p.SampleRate=1.0*fs; playblocking(p); % #&/i 1.0 f5& ) E N
p.SampleRate=1.2*fs; playblocking(p); % #5/ix 1.2 {5 EE &R
p.SampleRate=1.5*fs; playblocking(p); % #&/i% 1.5 fi5& A=A
p.SampleRate=2.0*fs; playblocking(p); % #&/i 2.0 f5i& EH)E N
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i Change of Sample Rates (1/2)

= Change of sample rate during playback
Change of duration Change of the
perceived pitch

= Increase the sample rate during playback, and
you’ll hear Donald Duck (F5#T1E). Why?

= playFsO01.m

[y, fs]=audioread('welcome.waVv');

p=audioplayer(y, fs);

p.SampleRate=1.0*fs; playblocking(p); % Duration ratio: 1
p.SampleRate=1.2*fs; playblocking(p); % Duration ratio: 1/1.2
p.SampleRate=1.5*fs; playblocking(p); % Duration ratio: 1/1.5
p.SampleRate=2.0*fs; playblocking(p); % Duration ratio: 1/2
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O AR ) E

k= (2/2)

Pz, An R AR R O SR, BRI RO e

RS | BACER, stk B

H o

dlayFs02.m

.

[y, fs]=audioread('welcome.wav');
p=audioplayer(y, fs);
p.SampleRate=1.0*fs; playblocking(p);
p.SampleRate=0.9*fs; playblocking(p);
p.SampleRate=0.8*fs; playblocking(p);
p.SampleRate=0.6*fs; playblocking(p);

% &L 1.0 53R
% &% 0.9 53R H N
% &% 0.8 {55 AR A
% &% 0.6 {55 AL B H N
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* Change of Sample Rates (2/2)

= On the other hand, decrease the sample rate
during playback, and you'll hear cow moo...

= playFs02.m

[y, fs]=audioread('welcome.wav');

p=audioplayer(y, fs);

p.SampleRate=1.0*fs; playblocking(p); % Duration ratio: 1
p.SampleRate=0.9*fs; playblocking(p); % Duration ratio: 1/0.9
p.SampleRate=0.8*fs; playblocking(p); % Duration ratio: 1/0.8
p.SampleRate=0.6*fs; playblocking(p); % Duration ratio: 1/0.6
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Observations

=« Observations

quad

= Larger sample rate for playback leads to...
. Shorter duration and higher pitch

= Smaller sample rate for playback leads to...
. Longer duration and lower pitch

« HOw to...

= Generate higher pitch without duration change?

Pitch modification

- Create longer duration without pitch change?

« Demo

Duration modification
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O B B O

o AN ERFRAMEE A FASE BT HAEE], BERR R R
ER—EH, (BN R A% B, FERIR0E S Bl
wnfElek e iy R e, SRR AR IR 5 e e fd b

RFET, iHaen [ AIEB

.  #if5120-11: playReverse01l.m

[y, fs]=audioread('welcome.wav');

p=audioplayer(y, fs); playblocking(p); % F&HOE & A
p=audioplayer(-y, fs); playblocking(p); % FEHT T EERIR A

p=audioplayer(flipud(y), fs); playblocking(p); % & i it BEEI S AT
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* Change of Sign & Time Sequence

Change of sign [ No perceptional difference

= Reverse sequence Sounds like another
spoken language?

. #§]20-11: playReverse01.m

[y, fs]=audioread(‘welcome.wav');

p=audioplayer(y, fs); playblocking(p); % Normal playback
p=audioplayer(-y, fs); playblocking(p); % Change of sign
p=audioplayer(flipud(y), fs); playblocking(p); % Reverse the sequence
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[RIA Je SRR 1 ik

RS B FAEE, MATLAB 12 17 EahEh (e, E2)H
AEE A SE SR, g T e S ROE R, R EE
77 A4 (R4 (Synchronous) , &5 —8 4 i, —
w2 oafE 4T Hofh 3 B omh o H M HTIE R A X
(Asynchronous) HJ#% i 7 =,

. #if120-12: playSync01l.m

[y, fs]=audioread('welcome.wav');

p=audioplayer(y, fs);
playblocking(p); % [FIZFHE A% 1.0 fiFd ) & 7R
sound(y, 0.8*fs); % FE[FA &/ 0.8 fiFdt 1A
sound(y, 0.6%fs); % FEIRIZHE M 0.6 f5380 5 7A
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FHE R 20 1 i

- TEHHIF, R FERIRLELE LA, —h—18, B
se K% sound Fa-mHITHER & 07 2k 2 [ FERI A
. #f20-13: playSync02.m

load handel.mat

sound(y, Fs);
sound(y, 1.2*Fs);
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Playback Modes

= There are two playback modes
- Synchronous mode: Block everything till the end of playback.
- Asychronous mode: Nonblocking

- pIaySyncO 1.m [y, fs]=audioread('welcome.wav');
p=audioplayer(y, fs);
playblocking(p); % Synchronous
sound(y, 0.8*%fs); % Asynchronous
sound(y, 0.6*fs); % Asynchronous

= playSync02.m

load handel.mat
sound(y, Fs);
sound(y, 1.2*Fs);
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~ Bl FHHEEWw
- H B

~

. B EBELMIESE soundsc, FIEHERS RS
PEESCEITERFIL (R -1 0 1 ) 1%, B
= BB W\RE I, LLEE B s 4 B8 SR,

= soundsc0l.m

[y, fs]=audioread('welcome.wav');

sound(y, fs);
fprintf('Press any key to continue...\n'); pause

soundsc(y, fs);

FRAGRE T, BHERTRT 52 imagesc,
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* Automatic Volume Adjustment

“soundsc” adjusts the volume (by normalizing
the signals to have max of 1 or min of -1)

before playback
= soundsc0l1.m

[y, fs]=audioread('welcome.wav');

sound(y, fs);
fprintf('Press any key to continue...\n'); pause

soundsc(y, fs);

The correspondinm

image display 1s “imagesc”.
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o =7 B

3 28 b JAL R B AUR,

YRR, e R 45 2

= audiorecorder
= recordblocking

RENF AL

i

« PAMESR —EIEASER A T Al E BOE R =,
AP 7E S Bt BT AN{AT & Jik, MATLAB <% 5.

b A] LAE e T
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* Recording of Audio Signals

= We can use the following MATLAB
commands for recording from the
microphone directly:
= audiorecorder
= recordblocking
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R ek IR (1/2)
TR B, 2 T A T 3RO ik

= audioRecord01.m

duration=3; % Sk IRERH]
recObj=audiorecorder;

fprintf("#2/T: & #1% BH 4R %g F0#% 5 ', duration); pause
fprintf(‘"&kE H...");

recordblocking(recObj, duration);
fprintf("&k & 45 A\n");

fprintf("f2 (T = 814 B AAHE ik "), pause

play(recObj);

. THaX bk & 228K
- BUbAR =% 8000 Hz
- BUSESANT BE % 8 bits
-%%ﬁﬁa
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Recording (1/2)

« Use default setting for 3-sec recording:
= audioRecord01.m

duration=3; % Duration of recording

recObj=audiorecorder;

fprintf("1& /T B 8&4% B 46 %g F#k % ', duration); pause % Prompt
fprintf('&k ..."); % During recording

recordblocking(recObj, duration);

fprintf("&k &5 5\n"); % End of recording

fprintf(' (15 84 B 4548 i '); pause % Press any key for playback
play(recObj);

= Default settings for recording
. Sample rate: 8000 Hz
. Bit resolution: 8 bits
- Mono
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B ARSI (2/2)

AEES . BRIELER

Lo 37 N ==Y,
E% :%7? K%&X 3% 2%7? , MV B
%F/
= audioRecord02.m

fs=16000; % HUEAER
nBits=16; % UGN, & 3 8 B 16 B 24
nChannel=1; % B #E%k, ME ( B ) S 2( B E B HE )
duration=3; % kR (7)) S
recObj=audiorecorder(fs, nBits, nChannel); i E SR 2
fprintf("f2{T 2 8% B 46 %qg #&ki5 ', duration); pause
fprintf("&k & H#...");
recordblocking(recObj, duration);
fprintf('&k 2555 A\n'"); —
Fprintf(" #1844 B A6 HE  "); pause PG ENE R
play(recObj); —
y = getaudiodata(recObj, 'double’); % get data as a double array
plot((1:length(data))/fs, y);
xlabel("Time (sec)"); ylabel('Amplitude");

=
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Recording (2/2)

« Set recording parameters, record, plot the
waveform:

= audioRecord02.m

fs=16000; % Sample rate
nBits=16; % Bit resolution (must be 8, 16, or 24)

nChannel=1; % No. of channels (must be 1 or 2) 4
duration=3; % Duration for recording in sec Set up recording

recObj=audiorecorder(fs, nBits, nChannel); _/p&l\ameters
fprintf(' 1215 = #E4 Bi4h %g BDEk % ', duration); pause
fprintf("&k e ...");

recordblocking(recObj, duration);

fprintf('&k 2555 A\n'");
fprintf(“fi (L k% P At 4 ); pause Obtain audio signals
play(recObj); —

y = getaudiodata(recObj, 'double’); % get data as a double array
plot((1:length(data))/fs, y);
xlabel("Time (sec)"); ylabel('Amplitude");
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—=ru = = L),
HE IR (1/2
g=s H pan 7w HH

« TR AT LR MATLAB B35 SV BB 126
172\l s, UMEEREENREK, BEAE
FAKE ZHUFE & audiowrite, HAR 4
= audiowrite(audioFile, y, fs)

. audioFile HIZAE N EBIHIFE R4, v & B A8l
, fs & HUEBE =R,
. #if9) :audioWrite01.m

load handel.mat

audioFile='handel.wav'; % #kEE1EHY wav F&%
fprintf('Saving to %s...\n', audioFile);

audiowrite(audioFile, y, round(1.5*Fs));

fprintf(" #5844 B 4 F& it Yos...\n', audioFile);

dos(['start ', audioFile]); % BAREL wav & 42 EHER JE 2
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Storing Audio Files (1/2)

« We can use “audiowrite” to save audio files,
with the following I/O format:

= audiowrite(audioFile, y, fs)

. audioFile: file to write to, y: audio signals, fs: sample
rate

. &7 - audioWrite01.m

load handel.mat

audioFile='handel.wav'; % wav file to write to

fprintf('Saving to %s...\n', audioFile);

audiowrite(audioFile, y, round(1.5*Fs));

fprintf('# -5 8844 B 4r F& it Yos...\n', audioFile);

dos(['start ', audioFile]); % Use default application to open the wav file
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N = 2 Al
AR ERE (2/2)

o BRE . AL, R sG]
. %M : audioWrite02.m

fs=16000; % Hutxsa=:
nBits=16; % HUERESARNTEE, MZH 8 ak; @Z 24

nChannel=1; % # JE{IEI%Z & 1(BAZF

duration=3; % Sk R (R )

recObj=audiorecorder(fs, nBits, nChannel);

fprintf(12/5-E 8% B4 %g B#k% ', duration); pause

fprintf('#k & H...");

recordblocking(recObj, duration);

fprintf("#k 5 5 2R \n");

fprintf("t2 T2 8 B 4a#E i \n'); pause

y = getaudiodata(recObj, 'double"); % get data as a double array
plot((1:length(data))/fs, y); xlabel('Time (sec)'); ylabel('Amplitude');
sound(y, fs);

audioFile="myRecording.wav'; % FREEFHY wav FE %
fprintf('Saving to %s...\n', audioFile);

audiowrite(audioFile, y, fs);

system(audioFile); % Use default application to open the wav file
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Storing Audio Files (2/2)

« Example of recording, playback, and saving:
. #0f : audioWrite02.m

fs=16000; % Sample rate

nBits=16; % Bit resolution (must be 8, 16, or 24)

nChannel=1; % No. of channels (must be 1 or 2)

duration=3; % Recording duration in sec
recObj=audiorecorder(fs, nBits, nChannel);

fprintf(‘H(F = 8% B 1A %qg BD#k% ', duration); pause

fprintf('#k & H...");

recordblocking(recObj, duration);

fprintf("#k 5 5 2R \n");

fprintf("t&2 (T2 881% bR LA#E i \n'); pause

y = getaudiodata(recObj, 'double"); % get data as a double array
plot((1:length(data))/fs, y); xlabel('Time (sec)'); ylabel('Amplitude');
sound(y, fs);

audioFile='myRecording.waVv'; % wav file to be saved
fprintf('Saving to %s...\n', audioFile);

audiowrite(audioFile, y, fs);

system(audioFile); % BAREL wav 1522 ER EH R
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Cross-version Issues

i

= File mapping for

= Other supports

different versions of . audiodevinfo

MATLAB . playblocking

= wavread [ audioread = play

= wavwrite [J audiowrite ., SAP toolbox

- wavplay [ audioplayer, . Version-independent
sound audio file reading

= Wavrecord myAudioRead.m

audiorecorc

er = Progressive bar
audioPlayWithBar.m
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i Supplementary Material

=« Other resources

= ASPR: Audio Signal Processing and Recognition
. Texts for this set of slides can be found at Chapter 4.

. Pitch tracking by visual inspection can be found at
Section 4 of Chapter 5. (Slides)




