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Povidani o cosinusovce...

f(x) = cos(x)



e 0...2m

Argument cosinusovky

. a pak kazdé 2n perioda



Cosinusovka s diskretnim
casem

» Ukol &. 1: vyrobit cos, ktera kmitne 1x za
sekundu pri vzorkovaci frekvenci F,

rInl = cos n r|n| = cos(2
x[n] = cos( n) v[n] = cos(2m 3000



Cosinusovka s diskretnim
casem

» Ukol &. 2: vyrobit cos, ktera kmitne 2x za
sekundu pri vzorkovaci frekvenci F,

\ / N\ / N\ / N\ /

I N
VARVARVARY.
x(n| = cos( n) x|n| = cos(2m 80200 n)



Cosinusovka s diskretnim
casem

« Ukol &. 3: vyrobit cos, ktera kmitne 440x
za sekundu pri vzorkovaci frekvenci F,
komorni ,a“ 440Hz.
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x[n] = cos( n) z[n] = cos(2m



Kontrola

* VVygenerovat,

* ZMErit,

* propocitat

« Zahrat

DEMO 1 v Matlabu



Normovana frekvence

fs kutecna L 12
S

e Rozmeér ?
* Priklady ?
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Obecna cosinusovka

rin| = Acos(2mfn + o)

amplituda normovana  pocatecni
frekvence faze

« Jednotky ?



Pocatecni faze |.




Pocatecni faze Il.




Ovcaci a cosinusovky

DEMO 2 v Matlabu

* Delky a vysky not ...
« FUJ®
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Signaly z realneho sveta

 Signal a spektrum a-open-string_16bit.wav
(WS)

* Fyzika napr viz
https://www.youtube.com/watch?v=BSIlw5Sg
Uirg (vsechny mody dohromady)
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https://www.youtube.com/watch?v=BSIw5SgUirg

Signaly z realneho sveta

\,.

« Signal a spektrum fletna.wav (WS)

* Fyzika napr viz
https://www.youtube.com/watch?v=KZ7int
Mz2Y4 (vsechny mody dohromady)
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https://www.youtube.com/watch?v=KZ7intMz2Y4

Signaly z realneho sveta

» Signal a spektrum test.l116 (WS)
* Fyzika napr viz
nttps://www.youtube.com/watch?v=y2okeYVc

|Q0 (placani hlasivek produkuje spoustu
narmonickych frekvenci ...)
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https://www.youtube.com/watch?v=y2okeYVclQo

Spectral Acceleration (x g)
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Seismologie ...

ACHAIA-ILIA ERTHQUAKE. June 08, 2008. M=6.5, Elastic response
acceleration spectra of horizontal components ({=0.05)

T-component, Pyrgos
L-component, Vartholomio var?;
------- T-component, Vartholomio (var2
------- L-component, Patra %patag
T-component, Patra (pat3
i Code EAK/2003, soil categ. A
A ——— Code EAK/2003, soil cateqg B
—— Code EAK/2003, soil categ. C
L-component, Patra {(pat1
------- T-component, Patra (pat1
- _-component, Patra (pat2
T-component, Patra (pat2 ,
— Qld Code A/K 1958, ¢ gfurm soil)
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Q ------- L-component, Pyrgos ig{ﬁr l‘é

-
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e

.~ ~———Qld Code A/K 1959, ' (medium soil)
-~ Old Code A/K 1959, ' (soft soil)

Period T (s)
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Analyza vibraci

* http://www.dsi-hums.com/honeywell-zing-
test/8500-c-plus/ 17



http://www.dsi-hums.com/honeywell-zing-test/8500-c-plus/

Na co spektralni analyza ? I.

« /Zobrazovat ...
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Na co spektralni analyza ? Il.
* Neco merit / detekovat / rozpoznavat ...

b) Speech segment after preemphasis and windowing

a) Segment of speech signal for vowel 'iy’
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c) Fourier spectrum of speech segment d) Filter bank energies — smoothed spectrum
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Na co spektralni analyza ? Il.

Filtrace
y[n] = x[n] * h[n]

y[n] = F* [ F(x[n]) F(h[n])]
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Spektralni analyza

 Korelace
* UrCovani podobnosti
 Promitani do bazi

} To same !
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Priklady analyzy

* Signal o délce N=100
« Zacheme stejnosmernym ...
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Iny stejnosmerny ...
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Cosinusovka s DC slozkou

x[n]
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Cosinusovka okolo nuly ...

x[n]
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Cosinusovka s minus DC
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Ted s neCim jinym ...

* Analyzacni signal udela 3 kmity za 100
vzorku
« Generovani ?
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Jina (stejna) cosinusovka

[n]

* Projevi se nejak DC slozka ?
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Zasumena cosinusovka

x[n]
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Cosinusovka minus

100

100
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Co nam rikaji koeficienty

» Velky kladny — korelace, podobnost,
frekvence JE obsazena

* Velky zaporny — anti-korelace, podobne,
ale naopak, frekvence JE obsazena se
zapornym znameénkem

« Maly / nula — neni korelace, neni

podobnost, frekvence neni obsazena nebo
jen malo.
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Pojdme analyzovat neco

W AL " A 4

 WS: signal.wav

« Zakladni perioda 100 vzorku
— Kolik Hz ?

» Spousta harmonickych obarvenych filtrem
urcenym z hlasky ,a"

— Zajemci viz spec_matlab.m
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Ne jeden, ale cela baterie
cosinu
. DEMO 3 v Matlabu  ag[n] = cos(2r—n)

N
Do které frekvence to |

ma cenu ? ai[n] = COS(Q?TN?@)

2
asn| = COS(Q’ITN?’Z-)

an n| = cos(2mr=n)

N
2

= ||z
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Analyza tim vsim ...

N—1

co = Z aop|n]x[n]

n=0

c = Ax
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Vysledek a re-syntéeza

« Stale jeste DEMO 3 ...
— Vysledky primo
— Asolutni hodnoty
— Syntéza z koeficientu ...

= o=

rsin] = co + 1 COS(QWNH) + ¢ COS(Q’/TN?’Z-) +... ey cos(2m

* HMHM ... ®

36



What's the problem ??

x[n]
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Phase is the problem!

» Jak to ze nula, kdyz

sin(x) = cos(x — g)
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Budeme potrebovat i siny ...

DEMO 4 v Matlabu

Koeficient a ziskan promitnutim do cos
Koeficient b ziskan promitnutim do sin
Jak vypada sqgrt(a® + b?) ?
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Analyza pomoci celé baterie
cosinu i sinu ...

ap|n| = cos(27r%n) boln| = sin(QW%?’l)

ain| = cos(QW%n.) bi[n] = Sjn(gﬂ%n)
_ 2 s 2
as|n| = COS(Q’ITW??-) bo[n] = bm(QWNn)
. L .
ay[n] =cos(2mrZn) bxy[n] =sin(2rFn)

» Jak budou vypadat analyzacni signaly na
okrajich ?
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Pojdme na to ...

d = Bx

c = Ax,

Z bo[n|z|[n]

dp =

Z ao|n|z|n]

Co

dy = Z by [n]x[n]

Z ai[n|zn]

T

C1

Z b n]x|n]

n

do =

Z as(njxn]

m

C2
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Jak to dopadlo

« DEMO 5 v Matlabu

— Zobrazeni
— Re-syntéza

rsin] =co + COS(??TN?’Z-) + o cos(QwNn) —

1 2
+ dy sin(QﬂNn) + do Sill(Qﬂ'NTb) + ...

* Nice ©

Zelz ==
2 _



cos | sin v jedné funkci —
komplexni exponencialy

X = ¢ — jdg

* Vyznam |X,]|
e ...a arg(X,)
« Cojetok?
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Kruté odvozeni

Ck — Jdk

k k
(27 —n) — (27—
| cos( 7TNTZ j x|[n| sin( WNn)

n=>0

lcos Qw%n) — 5111(27?%71)]
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Diskrétni Fourierova
transformace

N—1
X k| = Z :z:[-n}e_j%%”g k=0...N—1
n=>0
« Cojeco?
—X[n]an
— X[K] a k
— k/N a nasobeni 27 ...
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DFT maticovée

X = Wx

a7



Jak vypada komplexni
exponenciala ?
« DEMO 6 v Matlabu
* Fyzicky model
* Vyrobte si vlastni !
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Pouziti DFT

Vybrat ze signalu N vzorku (je fajn, je li to
mochnina dvou)

Zavolat (fft, ne dft ...)

Omezit vzorky na 0...N/2
Zobrazit
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Pékna frekvencni osa

« DEMO 7 v Matlabu

* Fekvencni osa
—Indexy 0 ... N-1
— Normovanée frekvence O/N ... (N-1)/N
— Skutecné frekvence O ... skoro F,
— A jesté pozor, vétSinou jen N/2+1 vzorku
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Zpetna DFT

;N
ok
r[n] = ~ Z X[kleti=m~n
k=0

 Pokracovani DEMO 7
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SUMMARY

* Analyzujeme tak, ze nasobime a sCitame
» Slozité signaly analyzujeme pomoci
harmonicky vztazenych funkci
— Cosinusovky nebudou stacit
— Cosinusovky a sinusovky
— Radeji ale komplexni exponencialy => DFT
« Vysledky jsou koeficienty pro N diskrétnich
frekvenci 0 az skoro F,
— Z toho jen N/2+1 ma cenu ukazovat
— Ale zato s peknou frekvencni osou !
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TO BE DONE

Jak je to s fazi ?

Proc¢ je tam to minus ? X = ¢, — jdi

Jak je mozne, ze pri zpetné DFT mame
komplexni koeficienty, ty nasobi komplexni
gxponenciély a pritom musi vyjit realny signal

Co kdyz je potfeba vice bodu nez N (hezdi
obrazek ?)

Odpovedi

— Pokracovani ISS

— Sami s podporou literatury a online zdroju
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The END



