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it 5. PREDNASKA — Filtragni syntéza

W

* Filtraéni syntéza
o Pulsni buzeni
o Buzeni Ssumem

y Ny

« Jednoducheé Cislicove filtry
o Filtry s jednim polem a jednou nulou
o Cislicova filtrace v MATLABU
o Filtry s Casoveé promennymi koeficienty

* MIDI v MATLABU

o Uvod do MIDI
o Pfiklad pouziti MIDI v MATLABuU
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FACULTY

[y ¢ 4 4
e e Filtradni syntéza
CTU IN PRAGUE
« Zakladni princip filtra€ni syntézy: Fulse train .
e 1 r * _ Excitation
« Synteticky signal se vytvafi odeétenim specifickych TTTT11 signal
spektralnich slozek od zdrojového signalu. " 5 en)
» To umoznuje tvarovani zvuku filtrovanim nezadoucich frekvenci. }
* Typy buzeni: ————
o Pulzni buzeni: White noise

« Vytvari ostré, periodické zvuky generovanim prabéhu, jako jsou pilovité, trojuhelnikoveé,
obdeélnikove a uzké obdélnikove pulzy.
« Tento typ buzeni je idealni pro simulaci strunnych nastroju
_ (napf. housli, violoncella) a zestovych nastroju (napf. trumpet, pozounu).
o Sumové buzeni:
. GenerUJe bohatSi a slozitéjSi textury vyuzitim nahodnych Sumovych signalu.

« Sumové buzeni je obzvlasté uginné pro vytvareni perkusnich zvuku, protoze poskytuje
nahodnost potfebnou pro nastroje jako malé bubinky, Cinely a bonga.

* Ve filtracni syntéze se k tvarovani a zjemnovani zvuku pouziva barevny Sum
(bily, rtzovy, ¢erveny, modry, fialovy).

« Bézné se pouziva ve zvukovém designu k simulaci pfirodnich zvuku, jako je vitr, dést, viny a
susténi listi

22.10.2025 BE2M31SYN — Synthesis of Audio Signals



FACULTY

acemse Filtracni syntéza

CTU IN PRAGUE

o8

» Syntezatory:
o Historicke modely:

* Vocoder (1930), Moog (1960 — 1970)
(prukopnik v technologii syntezator()

o Moderni modely:

o Korg MS2000, Access Virus " Robert Mog in the 19705 :
(poskytuji pokrocilé moznosti filtrovani a modulace)

l .

Korg MS2000B Virus Indlgo

22.10.2025 BE2M31SYN — Synthesis of Audio Signals



o sasme Filtradni syntéza

CTU IN PRAGUE
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FACULTY

cenemse Filtraéni syntéza

CTU IN PRAGUE

b

W

* Periodicke tvary vin pouzivané v synteze:
oPila

»

Filtering

e

Vsechny harmonické; ,svézi“ zvuky.
o Trojuhelnik v
MeKCi zvuky; ,hladsi® tony.
o Obdélnik =y
_,Duty” zvuk. Frequency
oUzké obdélnikoveé pulzy
,Ostré” zvuky.
* Pouziti u hudebnich nastroju:
o Smydéce: housle, violoncella sawtooth -] [ ] sauare

pily, trojuhelniky.

o Dechy: flétny, klarinety sawtriangutar "\ [ ] wide retanguiar
_ pulsni a Sumove buzeni.
oZesté: Trumpety, pozouny triangutar 7\ [|  narrow rectangutay

obdélnikové prubéhy.
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FACULTY

e Filtracni syntéza

CTU IN PRAGUE

o8

* Typy barevného sumu:
o Bily $um
« obsahuje vSechny frekvence se stejnou
intenzitou il The Colors of Noise
o Ruzovy Sum
* shizuje energii 0 -3 dB na oktavu, stejnas
energie v kazdé oktave
o Cerveny Sum

» dale snizuje 0 -6 dB na oktavu,
zduraznuje nizSi frekvence

o Modry sum

« zvySuje se 0 +3 dB na oktavu, zduraziu
vyssSi frekvence

o Fialovy Ssum

« zvySuje se 0 +6 dB na oktavu, vyrazny ve
velmi vysokych frekvencich

813)

'C_DPower Spectral Density

10° 10* 10°
Frequency (Hz)

22.10.2025 BE2M31SYN — Synthesis of Audio Signals 6



FACULTY

cenemse Filtraéni syntéza

CTU IN PRAGUE

-20

° ESihg'igl]rTl T

-30

o obsahuje vsechny frekvence
se stejnou energii

o aplikace:
* perkusni zvuky,
 Cinely,
* bubny,
* bonga,
« deést,
» exploze,
* vysavacC

Frequency (Hz)

22.10.2025 BE2M31SYN — Synthesis of Audio Signals 7



FACULTY

) ¢ . ¢ & &
i sasemee - FiltraCni syntéza
° Rﬁiovy sum e =
o +10dB/dek

(stejné energie v kazdé oktave)

o aplikace:
 viny oceanu,
Susténi rostlin nebo stromu,
feka,
turbiny,
dozvuk bilého Sumu v efektech

100 1000 10000

22.10.2025 BE2M31SYN — Synthesis of Audio Signals 8



FACULTY

cenemse Filtraéni syntéza

CTU IN PRAGUE

- Cerveny $um ==

0-20dB/dek

o aplikace:

ntensity (dB)

bourky,
hromy,
vybuchy,
motory,
hucéeni,
buraceni,
sprcha,
chlize v pisku, et
vyrazné nizkofrekvencni efekty

22.10.2025
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FACULTY

cenemse Filtraéni syntéza

CTU IN PRAGUE

b

W

* Modry sum

o+10dB/dek

o aplikace:
* lasery,
« elektronické efekty,
» kosmické prvky,
« generovani vysokofrekvencénich efektl

Intensity (dB)

Blue MNoise

22.10.2025 BE2M31SYN — Synthesis of Audio Signals




FACULTY

b

W

CTU IN PRAGUE

cenemse Filtraéni syntéza

* Fialovy sum

o+20dB/dek

o aplikace:
* perkusni zvuky,
* Cinely,
* bubny,
* bonga,
« dést,
» exploze,
* vysavacC

Frequency (Hz)

22.10.2025
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FACULTY

s Jednoduché Cislicové filtry

CTU IN PRAGUE

W

* Cislicove filtry
o algoritmy provadegjici linearni
kombinaci vzorku vstupniho a
vystupniho signalu tak, aby doslo
ke zvyrazneni, nebo naopak
potlaceni vybranych slozek signalu.

amplitude

* Navrh filtru

o Navrh koeficientu linearni
kombinace (= koeficientu filtrd)

amplitude

22.10.2025 BE2M31SYN — Synthesis of Audio Signals 12



FACULTY

b

W

CTU IN PRAGUE

sme Jednoduché Cislicove filtry

« Zakladni operace cislicové
filtrace

o Nasobeni konstantou

o Zpozdeni o jeden vzorek

o Scitani dvou posloupnosti

l;k
x[n] b, x[n]

>
x|n] x|n-1]

x[n] )Qy[n]%c[n]wm

v[n]

22.10.2025 BE2M31SYN — Synthesis of Audio Signals
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FACULTY

sazme Jednoduché Cislicové filtry — FIR(1)

CTU IN PRAGUE

b

W

* FIR filtry prvniho radu

b,
x[n] ’ > (+ y[n]  X[n] ... vstupni vzorek
y[n] ... vystupni vzorek
4 b, b, b;.. Koeficienty filtru
3 Zl
x|n-1]

22.10.2025 BE2M31SYN — Synthesis of Audio Signals



FACULTY

sazme Jednoduché Cislicové filtry — FIR(1)

CTU IN PRAGUE

b

W

* FIR filtry s jednou nulou

o Zakladni tvar FIR filtru prvniho radu je v kombinaci
aktualniho vzorku s predchozim.

o Matematicky model (diferencni rovnice):

15 y[n] = bpx[n] + by x[n-1]
05} /' o Tento filtr se nazyva ,,s jednou nulou®,
| ERSSRS SR | protoze jeho prenosova funkce ma
|- A | nulu v roviné z.
A5t
1 l'.l 1

—->Re
22.10.2025 BE2M31SYN — Synthesis of Audio Signals 15




b

saime Jednoduché Cislicové filtry — FIR(1)

W

 Diferencni rovnice:
* y[n] = bx[n] + b;x[n-1]

o Reseni: rekurzivni vypoget vystupu filtru krok za krokem
« pocatecCni podminka x[-1] =0

n=0 (0] = b0
n=1 1] =bex[1] +byx[0
n=2  y[2]=bex[2] + byx[L
n=3  y[3]=bex[3] + byx[2

22.10.2025 BE2M31SYN — Synthesis of Audio Signals



FACULTY

sazme Jednoduché Cislicové filtry — FIR(1)

CTU IN PRAGUE

b

W

* Impulsni charakteristika
o X[-1] =0, x[0] =1, x[1] =0, x[2] =0 ...

o Reseni: y[n] = byx[n] + b,x[n-1]

*n=0 y[0] = box[O y[O] = by
*n=1 y[1] = box[1] + b,x[O] y[1] = b,
*n>1 y[2] = bx[2] + b,x[1] y[n] = |

0 20 40 6
—= n vzorkyl

22.10.2025 BE2M31SYN — Synthesis of Audio Signals 17
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W

FACULTY

sazme Jednoduché Cislicové filtry — FIR(1)

CTU IN PRAGUE

« Z-transformace a prenosova funkce

o y[n] = box[n] + b,X[n-1]
Y(z) = by X(z) + b,ztX(2)

o H(z) =Y(2)/X(z) =by + b, z*
=b,+b,/z
=(byz + b,/ z

22.10.2025

BE2M31SYN — Synthesis of Audio Signals
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FACULTY

sazme Jednoduché Cislicové filtry — FIR(1)

CTU IN PRAGUE

b

W

* Frekvencni charakteristika

oFrekvenéni charakteristika ukazuje, jak se filtr chova 10
na ruznych frekvencich. = ol
E-EU
oDulezité pro pochopeni toho, jak filtr ovlivni signaly ¢') N

na ruznych frekvencich (napf. horni propust ...).

frekv. charakteristiku ziskame dosazenim z = e”j2piF do H(z)

22.10.2025 BE2M31SYN — Synthesis of Audio Signals 19



] 5 Jednoduché Eislicové filtry — FIR(1)
' P”kﬁ? _hom' propust . P—— 01 YN =xn] - x[n-1]
ob; =-1...0 1,
onulaz=1 ‘ H(z) = Y(2)/X(z) =1 - z'1
opdl z=0 o 2 ot =1-1/z=(z-1)/z

22.10.2025 BE2M31SYN — Synthesis of Audio Signals 20



FACULTY

seme Jednoduché Cislicoveé filtry —

CTU IN PRAGUE

b

* Priklad: horni propust by

(1)
x[n > T > y[n]
oby=1 ] N
O bl i -1---0 A b
1
onulaz=1
~ -1
r — 7 Z
opol z=0 x[n-1]
O ———=am 05 - :
o 15} i
10122 :
f:z {]- i
= e 05}
3 = £ i
& -30 = PO SRR oo oo &
- : | s
| 40 1 0o
At
50
1ayr
-60 : 05 . : . i .
0 05 1 a 20 40 50 -1 0 1
—= —-= 1 [vzorkyl —-=Re

22.10.2025 BE2M31SYN — Synthesis of Audio Signals

FIR(1)

y[n] = x[n] - x[n-1]

H(z) =Y@2)/X(@z)=1-2z1
=1-1/z=(z-1)/z

21
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FACULTY

sazme Jednoduché Cislicové filtry — FIR(1)

CTU IN PRAGUE

* Priklad: dolni propust

O b() =1
O b1 =1...0
ohulaz=-1
opol z=0
0
-10
%-20
%-30
40
-50 :
0 0.5 1

S
PR
MR
b
o ] 08
A -
.
e
.

- (=

1

106

04

0.2

0

> y[n]

b
0
P
Abl
S -1
> Z
x[n-1]
15}
“]_
| o5t/
E If’
A 0 - e Wi
| 05
11
151
020 40 60 -1 ) 31
=== 1 —>Re

22.10.2025
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FACULTY s OO

wame Jednoduché Cislicoveé filtry — FIR

CTU IN PRAGUE

b

W

* Praktické poznamky k FIR filtrim

oFIR filtry jsou vzdy stabilni, protoze nemaji poly mimo
jednotkovou kruznici.

oBézne se pouzivaji pri zpracovani zvuku pro ukoly,
jako je ekvalizace a zpozdéni

oKonstrukce je flexibilni, ale FIR filtry vyzaduji vice koeficientu
pro ostre frekvencni charakteristiky ve srovnani s IIR filtry.

22.10.2025 BE2M31SYN — Synthesis of Audio Signals
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FACULTY

ssme Jednoduché Cislicové filtry — 1IR(1)

CTU IN PRAGUE

b

W

* lIR filtry prvniho radu

> yin] x[n] ... vstupni vzorek
y[n] ... vystupni vzorek
by, ;.. koeficienty filtru

22.10.2025 BE2M31SYN — Synthesis of Audio Signals



FACULTY

ssme Jednoduché Cislicové filtry — 1IR(1)

CTU IN PRAGUE

b

W

* Diferencni rovnice lIR filtru prvniho radu

y[n] = by X[n] - a; y[n-1]

o Rovnice kombinuje aktualni a predchozi vstupni hodnoty
a také predchozi vystupni hodnoty.

b,
x|n] > @

> y[n]

-a, 4

1
4

yln-1]

22.10.2025 BE2M31SYN — Synthesis of Audio Signals



FACULTY

b

W

CTU IN PRAGUE

s Jednoduché Cislicoveé filtry — 1IR(1)

» Charakteristiky filtru v Z-oblasti
o Z-transformace
y[n] = by x[n] - a; y[n-1]
Y(z) = by X(z) - a,z1Y(2)

oPrenosova funkce

H(z) = b _ bz
1+az® z+a

051 ™

-15¢

05

22.10.2025 BE2M31SYN — Synthesis of Audio Signals
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sasme Jednoduché Eislicové filtry — 1IR(1)

W

* Impulzni odezva

olmpulzni odezva IIR filtru teoreticky trva neomezene dlouho
(kvuli zpétnovazebni slozce).

oU IIR filtru prvniho radu odezva exponencialnée klesa:

y[n] = by X[n] - a; y[n-1]

* n=0 y[O] = box[1] y[0] = by

*n=1 y[1] = box[1] - a; y[O] y[1] = - a; by

* n=2 y[2] = box[2] - a; y[1] y[l2] = a;a; b,

* n=3 y[3] = bpx[3] - a; Y[2] y[3] =-a;a;a; b,

Rychlost utlumu zavisi na koeficientu zpétné vazby a,.

22.10.2025 BE2M31SYN — Synthesis of Audio Signals
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ssme Jednoduché Cislicové filtry — 1IR(1)

CTU IN PRAGUE

b

W

* Frekvencéni charakteristika IIR filtru prvniho radu

O T
- b NG
H(e") = . = e
1 + a.leJ g -30 -
%401
oCharakteristika ukazuje chovani filtru
ve frekvencnim pasmu (horni propust. ... ) o J
0 05 1

—>E

« KliCové aspekty:
o Stabilita: Filtr je stabilni, pokud je pol uvnitr jednotkové kruznice.

o Fazova charakteristika: IR filtry zavadi fazové posuny, ktere je
treba v nekterych aplikacich zohlednit.

22.10.2025 BE2M31SYN — Synthesis of Audio Signals 28



FACULTY

waxme Jednoduché Cislicové filtry — 1IR(1)

CTU IN PRAGUE

b

* PSl pohybujici se podeél realné osy — animace




FACULTY

s Jednoduché Cislicové filtry — 1IR(1)

CTU IN PRAGUE

b

D

* Priklad: dolni propust  x[n] ——1) > yln]
obo =1 y[n] = bgx[n] - a,y[n-1]
oa; =-0.999...0 a4 y[n] = x[n] + y[n-1]

ozeroz=0 H(Z)— 1 B 7 _]
= B -1 z
opole z=1 1— 72 1 T
e S RIInIIIiIIiITiiocv----- 1
et .
A0} eI
L] 08 |
_ -20 T
S R 05t
g .30 | 06 i |
= o L R R R o
- i i
n 40 { 04 sl
> | o2 At
-60 ] el
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FACULTY

b
* Priklad: horni propust

CTUINP

22.10.2025

OF ELECTRICAL
ENGINEERING

RAGUE

obg=1

oa; =0.999...0
ozeroz=0
opole z=-1

0

---Z ST
ToLelenlTeT
R I |
B T L L
mmem=m T e o
-10 T T
p——— - .
-

0.5

-0.5

-1.5

Jednoduché cislicové filtry — IIR(1)

x|n] ()

A
-d
1 y[n]

y[n-1]
15¢
05t

TR C—S—1
I-D.S—
A
161

0 40 60 - ; ;
-= Re

BE2M31SYN — Synthesis of Audio Signals

y[n] =
= X[n] - y[n-1]

—> yn]

box[n] - a;y[n-1]
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waxme Jednoduché Cislicové filtry — 1IR(1)

CTU IN PRAGUE

b

* Nula a pol pohybuijici se podél realné osy — animace




FACULTY

ssme Jednoduché Cislicové filtry — 1IR(1)

CTU IN PRAGUE

b

W

*lIR s jednim polem a nulou

x|n] @ > (X @ > y[n]
Z—l Z-l
Diferen¢ni rovnice: y[n]=b,x[n]+bx[n—-1]+a y[n—1]
Z-transformace:; Y(2) =bX(2) + 0,27 X (2) +a,2Y[7]

b, +bz™"  byz+b

Pfenosova funkce: H(z) = 1-az° “i-a,
oy D, +be’
Frekvenéni charakteristika: H(€') = f—aljlem

22.10.2025 BE2M31SYN — Synthesis of Audio Signals
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ssme Jednoduché Cislicové filtry — 1IR(1)

CTU IN PRAGUE

 Priklad: Dolni propust by

x[n] ® >
O b() =1
O b1 =1
O al = _O.9IIIO
1
Z
Og
' 15
" mnnny, | 18 |
-20 RN I Tr
S 30 XA | o05p .
5 B E
8 40 P i
= 1 o0s el
| -0 0.6 R
-60 04 1 -7
70 02 { 15}
' 0 - : .
0 05 1 0 20 40 B0 - 0 1
—=@ —>Re
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* Priklad: Horni propust

22.10.2025

FACULTY
OF ELECTRICAL

weecme Jadnoduché Cislicové filtry — 1IR(1)

CTU IN PRAGUE

Ob():l

Ob1:'1

O dq

—= [H{exp(o)l
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FACULTY

ssme Jednoduché Cislicové filtry — 1IR(1)

CTU IN PRAGUE

b

e Pfiklad: ovladani basu

O bo =-1
O b1 = 0.5
oa; =-0.999...0

02 |
40 - L
£ 30 1 -04 oor s i
oL = : !
5 A OB
h 0 1 05" i A




FACULTY

ssme Jednoduché Cislicové filtry — 1IR(1)

CTU IN PRAGUE

b

* Priklad: ovladani vysek
oby=-1
ob; =05
oa; =0.999...0

x[n] ®

_ 25

22.10.2025 BE2M31SYN — Synthesis of Audio Signals 37



FACULTY

b

* Priklad: Potlaceni stejnosmerné slozky

CTU IN PRAGUE

Ob(): 1
Ob1:'1
oa; =-0.99

Filtr pro potlacem 55 slozhky

=== IH(eKDU*co}I]II
Imf::ulsnilch_

1
0
-1
-2
-3
-4
-5
-6

0 0.5 1

22.10.2025

ssme Jednoduché Cislicové filtry — 1IR(1)

x|n]

> yln]

004

1 003¢
002

4 001}

-0.01¢

| 002t o ( g}

-003¢

20 40 60 0.96 0.98 1

-z 1 [vZorky —=Re
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780 /5,000
ké ascpek%llR filtr( prvniho fadu

ﬂ'ﬁé FACUL

ssme Jednoduché Cislicové filtry — 1IR(1)

CTU IN PRAGUE

* Praktické aspekty IIR filtri prvniho radu

oUginnost: IIR filtry se gasto pouzivaji v aplikacich zpracovani
v realném Case (vyzaduji méné vypoctu ve srovnani s FIR).

oFazové zkresleni: Jednou z nevyhod IIR filtru je fazové zkresleni,
zejmena pokud filtr neni peclive navrzen, coz
muze ovlivnit kvalitu signalu.

oAplikace: lIR filtry se Siroce pouzivaji ve zpracovani zvuku, vcetne
ekvalizéru, systému potlaceni Sumu a ridicich systému zalozenych
na zpetnée vazbé (Jako jsou adaptivni filtry).

oVyhody: IIR filtry dosahuji ostrejsiho prechodu s mensim poctem
koeficientu, coz je Cini efektivnéjsimi pro ukoly, jako je dolni propust
nebo pasmova propust.

22.10.2025 BE2M31SYN — Synthesis of Audio Signals 39
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W

sieme Cislicova filtrace v MATLABU

CTU IN PRAGUE

 Standardni tvar diferencni rovnice:

a,y[n]+a,y[n—1]+... = b,x[n] +bx[n—-1]...

systém, ke

predstavuje linearnifCas@ve invariantni (LTI)

je vstupni signgl ay

4
>> vy = filter(b, a, x);

In] je vystupni signal.
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» Zakladni syntaxe v MATLABuU

* Pro navrh a analyzu digitalnich filtrd pouzijte v MATLABuU nasledujici pfikazy:

>>y = filter(b, a, X); % Filtrace
>>
>>
>>
>>
>>
>>
>>
>>
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» Zakladni syntaxe v MATLABuU

* Pro navrh a analyzu digitalnich filtrd pouzijte v MATLABuU nasledujici pfikazy:

>>y = filter(b, a, X); % Filtrace

>> impz(b, a); % Impulzni odezva
>>

>>

>>

>>

>>

>>

>>
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» Zakladni syntaxe v MATLABuU

* Pro navrh a analyzu digitalnich filtrd pouzijte v MATLABuU nasledujici pfikazy:

>>y = filter(b, a, X); % Filtrace

>> impz(b, a); % Impulzni odezva

>> impz(b, a, N); % Impulzni odezva o délce N
>>

>>

>>

>>

>>

>>
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» Zakladni syntaxe v MATLABuU

* Pro navrh a analyzu digitalnich filtrd pouzijte v MATLABuU nasledujici pfikazy:

>>y = filter(b, a, X); % Filtrace

>> impz(b, a); % Impulzni odezva

>> impz(b, a, N); % Impulzni odezva o délce N
>> freqz(b, a); % Frekvencni charakteristika
>>

>>

>>

>>

>>
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» Zakladni syntaxe v MATLABuU

* Pro navrh a analyzu digitalnich filtrd pouzijte v MATLABuU nasledujici pfikazy:

>>y = filter(b, a, X); % Filtrace

>> impz(b, a); % Impulzni odezva

>> impz(b, a, N); % Impulzni odezva o délce N

>> freqz(b, a); % Frekvencni charakteristika

>> freqz(b, a, N); % Frekvencni charakteristika s N body
>>

>>

>>

>>
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» Zakladni syntaxe v MATLABuU

* Pro navrh a analyzu digitalnich filtrd pouzijte v MATLABuU nasledujici pfikazy:

>>y = filter(b, a, X); % Filtrace

>> impz(b, a); % Impulzni odezva

>> impz(b, a, N); % Impulzni odezva o délce N

>> freqz(b, a); % Frekvencni charakteristika

>> freqz(b, a, N); % Frekvencni charakteristika s N body
>> freqz(b, a, N, fs); % Frekvencni charakteristika s fs

>>

>>

>>
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» Zakladni syntaxe v MATLABuU

* Pro navrh a analyzu digitalnich filtru pouzijte v MATLABU nasleduijici prikazy:

>>y = filter(b, a, X); % Filtrace

>> impz(b, a); % Impulzni odezva

>> mpz(b, a, N); % Impulzni odezva o délce N

>> freqz(b, a); % Frekvencni charakteristika

>> freqz(b, a, N); % Frekvencni charakteristika s N body
>> freqz(b, a, N, fs); % Frekvencni charakteristika s fs

>> zplane(b, a); % Zero-pole graf

>>

>>
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» Zakladni syntaxe v MATLABuU

* Pro navrh a analyzu digitalnich filtru pouzijte v MATLABU nasleduijici prikazy:

>>y = filter(b, a, X); % Filtrace

>> impz(b, a); % Impulzni odezva

>> mpz(b, a, N); % Impulzni odezva o délce N

>> freqz(b, a); % Frekvencni charakteristika

>> freqz(b, a, N); % Frekvencni charakteristika s N body

>> freqz(b, a, N, fs); % Frekvencni charakteristika s fs

>> zplane(b, a); % Zero-pole graf

>> [z, p, K] =tf2zp(b, a); % Prevod prenosové funkce na tvar zero-pole

>>
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» Zakladni syntaxe v MATLABuU

* Pro navrh a analyzu digitalnich filtru pouzijte v MATLABU nasleduijici prikazy:

>> y = filter(b, a, x);

>> impz(b, a);

>> impz(b, a, N);

>> freqz(b, a);

>> freqz(b, a, N);

>> freqz(b, a, N, fs);

>> zplane(b, a);

>> [z, p, K] = tf2zp(b, a);
>> [b, a] = zp2tf(z, p, k);

% Filtrace

% Impulzni odezva

% Impulzni odezva o délce N

% Frekvencni charakteristika

% Frekvencni charakteristika s N body

% Frekvencni charakteristika s fs

% Zero-pole graf

% Prevod prenosove funkce na tvar zero-pole
% Prevod zero-pole tvaru na prenosovou funkci
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 Pfiklad 5.1: Simulace diferenciatoru a integratoru

o Implementujte diferenciator a integrator ruznymi zpusoby.
o MATLAB:

% Example code to calculate differentiation and integration
x=[000055558888333 35525 5];
for n = 2:1length (x)

10 10 10

(
y dif(n) = x(n) - x(n-1);
y int(n) = x(n) + y int(n-1); 5r 51 | sl
end ol fﬁg ol N
% MATLAB buigt-in methods: diff and cumsum =TI R [ e ]
0 20 0 10 20 0 10 20
100 100 100
sol L— cyklus for { 8ol {7 cumsum { col m-
60 - b 60 - j 60
yln] = x{n] - x[n-1] = x[n] + y[n-1] ‘ 2 1o [ a0
20 g 20 - i 20 -
0 ok 0
0 10 20 0 10 20 0 10 20
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* Pfiklad 5.2: Chovani diferenciatoru a integratoru
o Aplikujte diferenciator a integrator
na sinusovy, obdélnikovy a pilovity prubéh.
o MATLAB:

xl = sin(0:0.2:10-0.2) ;

x2 = square(0:0.2:10-0.

X3 = sawtooth (L+=07/:10-0 .D);
% Use difif and cumsum to analyze the behavior.
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* Priklad 5.3: Generovani pasmove omezenych
periodickych signalu

o Generujte prubéhy s vyuzitim integratoru.

o MATLAB:

% Create band-limited periodic signals using 1ntegratiop/ " QL o o 0z s
N = floor (fs/(2*£0)); 3 WWJMMMAMWWWWWﬁ

fs = 8000; = 01 . ;Y S
t = 0:1/fs:2-1/fs; T

£0 = 100; L B e

yl = ([1.7k] * cos(k' * 2 * pi * f0 * t)) / N; ' o om oo om oo
y2 = (-[(-1)."k] * cos(k' * 2 * pi * f0 * t)) / N; s T

v3 = vyl + y2; . agww; @:MML nozs
% Further integration for waveform creation. N \\\v/// |
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* Priklad 5.4. Generovani barevného sumu
o Generujte Cerveny a fialovy Sum pomoci filtrace bilého Sumu.

o MATLAB:

white noise = randn(l, fs * cas);
red noise = filter([1 0], [1 -1], white noise);
purple noise = filter([1 -1], [1 0], white noise);

[— faiov

40 T T T 40 T
cerveny sum -20dB/dek (-6dB/okt)
30 30
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* Priklad 5.5: Filtrace recového signalu
o Aplikujte dolni a horni propust na recovy signal

o MATLAB:

2000 - ] ) ]
0 WMWMW M
% Low-pass filter -2000 - ;

b 1p = [1 1];
a

1p = [1 -0.9];

% High-pass filter
b hp = [1 -1]; _» —>
a hp = [1 0.9];

jedna

Frequency

x 10f000 2000¢13000 4000

Frequency

x 101000 200023000 4000

500 1000 1500 2000

Frequency
o
al

- - - - 0
x 101000 2d%d+%sbbo 4000 10 500 1000 1500 2000

N ONDN
Frequency
o

@) al
;' i |
i I
ol
Il
ki
I I‘Flllrll

III
Ei | I

| III d

=

1000 2000 3000 4000 0 500 1000 1500 2000 |
Time
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* Priklad 5.6: Filtrace hlasu pomoci jednopolového filtru

o Analyzujte vliv ruznych koeficientu na filtraci reci.
o MATLAB:

b filt = [1 -1]; a filt = [1 0.95];
% Vary the filter coefficient and examine the frequency response.

50
1r —_
)
©
0.8 ~
S
06 2 0r
c
(o))
04 <
= v :
nﬂj 02 F : g i .50 I I I I I I I I 1
> : 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
2 (Ul X : : : @ 7 Normalized Frequency (x rad/sample)
= ; 100 : ; : ; : : ; : :
© _ L : i
= 0.2 : —
£ s 2
-04 - : b o
: (]
-0.6 - b T 50 4
" o
-0.8 T R B ®©
. s o
RS o PR N
) ) ) ) 0 1 1 1 1 1 1 1 1 1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Normalized Frequency (x rad/sample)

22.10.2025 BE2M31SYN — Synthesis of Audio Signals



sieme Cislicova filtrace v MATLABU

CTU IN PRAGUE

By
feed

* Priklad 5.7: Detektor obalek

o Navrhnete detektor obalky s integratorem.
O MATLAB DETEKTOR OBALEK

1 T N N N N T T T T T
XC osuml ./ max (abs (osuml)) ; 0.5~ { original |-
: o
x1 = filter (1, [1 -0.99], abs( ? o5 - i
: r r r r r r r r r r
x1 = filter (1, [1 -0.8], abs(xc)):; 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
) ) 20‘_ L L L L L L L L L L
xi = filter(l, [1 -0.3], abs(xC)): N\ .o « =000
10 |-
5*-
L L
500 1000 1500 2000 2500 3000 3500 4000 4500 5000
5 L L L L L L L L L L
2~ K =08 -
Ipiet characteristic 1 -
"\.% - 0.5¢ r i i ' r : r ]
-4 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
1.2‘_ L L L L L L L L L L ]
1+ — k. =-0.3 |7
i"‘ 82: int :
0.4~ ]
3—1 0.2 | " M | | ] Iy b r 7
| | 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

-—=>n
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* Priklad 5.8: Detektor spicek

o Implementujte detektor reagujici na Spicky v signalu.
o MATLAB:

: Original Signal
if abs(x(n)) > y(n-1) : e

k int = 0.3; 05
else 0

k_int = 0. 95,’ 05F
end 1 . . . .

. 0 500 1000 1500 2000 2500 3000 3500 4000 4500

k =1 - k int;

T . Peak Detector Output
y(n) = k * x(n) + k int * y(n-1); 1 e

yin] 05
e ’ | MWMW
o LW, usrwlvd .

-k]-m 0 500 1000 1500 2000 2500 3000 3500 4000 4500
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* Priklad 5.9: Zvukovy efekt zalozeny na Sumu s obalkou
o Navrhnéte zvukovy efekt pomoci Sumu a tvarovaci obalky.
o MATLAB:

Generated Sound Effect

X = randn(l, duration * fs);

X = [0 0.05 0.4 1];
Y = [1 0.05 0.25 0];
O = interpl (X, Y, t ./ t(end)):

Frequency

Timg %104
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* Priklad 5.10: Simulace ladéni radia

o Simulujte efekt ladéeni radia.
o MATLAB:

Filter Coefficient a1

for n = 2:length (x) //
al(n) = 0.999 * (sin(2 * pi * fm * nTiaj=r2"" /
y(n) = x(n) - al(n) * y(n-1); i 1 2 3 4 5 6
end 10 Filtered Noise
9\ OWWW
_10 1 1 1 1 1
0 1 2 3 4 5 6
Spectrogram
- 1 TS —— SR o g
3 _ AT
< s
305 s
o
L 0 1 R 1 ot G I L ol SRR
02 04 06 08 1 12 14 16 18 2 22
Time «104
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* Priklad 5.11: Zvuk bicich s vyuzitim Ssumu a obalky

o Generujte zvuk bicich kombinaci Sumu a obalky:.
o MATLAB:

—_

= 10 | Frequency Response| 1
05 :
> s
b = 1; ) § O [ @ .......... Mo 57
a = [1 -0.7934]; Erre : %
y = filter (b, a, Xx); o S " . . .
-1 -05 0 05 1 0 0.5 1 1.5 2
Real Part ---> Frequency [Hz] 104
X = [0 0.15 17]; 1
Y = [1 0.05 O]; Envelope| DrumSound|'
O = interpl (X, Y, =TrErrri-temrc—— - 0.5 *U
0 01 02 03 04 0 01 02 03 04
o > Time [s] —> Time [s]
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* Priklad 5.12: Zvukovy efekt padajiciho tonu
o Vytvorte dojem klesajicich tonu a nasledného dopadu.
o MATLAB:

Combined Signal

% Generating tones with decreasing frequency

Amplitude

N
|

24; % Number of frequency changes

% Logarithmic frequency decrease Samples

dF = logspace (logl0(880), logl0(220), K); Spectrogram of the Signal
% Time intervals for tones

dT = logspace(log(0.6), 1log(0.35), K);

Frequency

1 1
10 12
%104
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* Priklad 5.13: Zvuk parniho stroje
o Simulujte zvuk parniho stroje pomoci filtrace a obalek.
o MATLAB:

$ First filter
fl = filter([1 -0.5], 1, x):;
% Second filter

Steam Engine Sound

-

<
3

f2 = filter([1 0.5], 1, x); E 1
% Create envelope for the sound 1 Iy : s , o 5
Ol = lnterpl ( [O O . 3 O . 5 1] * t (end) 14 [O 1 1 O] ’ t) ; SpectrogramoftshaemSF;IeE:aSmEngineSound o

yl = ol .* fl; $ Modulate the first filtered signal
y2 = ol .* £2; % Modulate the second filtered signal

Frequency

2000 400
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 Priklad 5.14: Kroky v pisku nebo stérku
o Simulujte zvuk krokd pomoci filtraCnini syntézy a tvarovani Sumu.

o MATLAB:

Sound of Footsteps on Sand

N

% Generate white noise as basic step sound

o
o

white noise = randn(l, fs * duration); 2

E -0.5

1t 1 I
% Filter noise with FIR filter to simulate step sound 0 0o " ames ? -
_ . : « S f the F Sound

b — [ 1 _O . 5 ] ; % FIR fllter 2 4 7‘ gctroram o“t e‘footstp oun i
step sound = filter (b, 1, white noise); % Apply filter gsf E 4

3 1

& 0.5 :

0.5 1 1.5 2 2 3 3.5 4 4.5
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« Uvod do MIDI

o Co je MIDI?

« MIDI je zkratka pro Musical Instrument Digital Interface

 Je to standardizovany protokol pro komunikaci mezi elektronickymi hudebnimi
nastroji, pocitaCi a audio systéemy.

« MIDI umoznuje hudebnim nastrojum a zafizenim komunikovat odesilanim dat
0 hre, nikoli vSak samotny zvuk.

o Klicové vlastnosti MIDI:

« Kompaktni velikost souboru: Soubory MIDI ukladaji pouze instrukce, takze
jsou velmi male.

« VSestrannost: Podporuje Sirokou Skalu nastroju a zvuku.
* Flexibilita: Snadna uprava nebo preskupeni her.
oJak MIDI funguje:

« MIDI data functions like a musical score: it tells the instrument how to play,
but not what the sound should be.

« A synthesizer or sound card interprets the data to produce sound.
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 Historie MIDI a jeho moderni aplikace
o Pred MIDI (pred 80. lety 20. stoleti):

* No standardized way to connect electronic musical instruments.
« Manufacturers used incompatible systems, limiting integration.

o Potreba standardizace:
« Musicians required a universal system to connect and control multiple devices seamlessly.

o Vytvoreni MIDI:
* Roland proposed a universal standard.

« 1983: The first public MIDI demo successfully linked synthesizers from different
manufacturers.

o Aplikace MIDI dnes:

« Widely used in digital music production, live performances, film scoring,
and video game soundtracks.

« Enables easy integration between hardware and software instruments.
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 Komunikacni protokol MIDI

 Jak funguje MIDI:

o Po stisknuti klavesy se do pripojeného zarizeni odesle zprava Note On,
ktera spusti generovani zvuku.

o Po uvolneni klavesy se odesle zprava Note Off, ktera zastavi zvuk..
- Ridici zpravy:
o Zpravy Control Change upravuji parametry, jako je typ nastroje, efekty
(napf. reverb) nebo jiné ovladaci prvky vykonu (napr. pedaly).

(digital words) Note On/Off
Note Number

01011011—> Bytes =~ —> Messages -} ' - >
E ol
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 Komunikacni protokol MIDI — fyzicka vrstva

 Pfenos dat MIDI:

o MIDI je simplexni asynchronni sériové rozhrani.
« Simplexni: Data teCou pouze jednim smérem.
« Sérioveé: Datové bity se prenaseji jeden po druhém.
« Asynchronni: Neni odesilan zadny hodinovy signal;
obé zafizeni se spoléhaji na presné nacasovani.

» Datove pakety:
o Kazda zprava MIDI se sklada z 8 bitu, plus startovaciho bitu a stop bitu.
o Zpravy se prenaseji pevnou rychlosti 31 250 bitu za sekundu.

Status Byte Data Byte 1 Data Byte 2
1 M‘%@sf,%ge Channel No. 0 Data 1 (0-127) 0 Data 2 (0-127)
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* Bezné MIDI zpravy
o Note On/Note Off. Ovlada zaCatek a konec noty, pricemz rychlost ovliviiuje hlasitost.
o Polyphonic Aftertouch: Odesila informace o tlaku pro kazdou notu po jejim stisknuti.
o Control Change: Pouziva se k upravé efektu, ovladani pedalt nebo upravé nastaveni.
o Program Change: Prepina mezi prednastavenymi zvuky (napf. zména z piana na kytaru).
o Pitch Bend: Méni vysku tonu noty.

Status Byte Data Byte 1 Data Byte 2
1|10/ 0|0/1 ChannelNo. 0 Note Number (0-127) 0 Velocity (0-127)
Off/On
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e Konverze MIDI not

oKonverze mezi Cislem MIDI not (m = 0 to 127)
a frekvenci (f [Hz]):
*m =69+ 12 x log2 (f/440) [MIDI na Hz]
« f =440 x 2" (m-69) / 12) [Hz na MIDI].

oRozsah MIDI not od 8.18 Hz do 12,544 Hz.
o Rozsah klaviru: A0 = 27.5 Hz (MIDI = 21) to C8 = 4186 Hz (MIDI = 108).

A0 C1 C2 C3 C4 C5 C6 C7 C8
108

21 60 69
c! C c ¢ dyey fy grashce C3 C4 Cs
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» Standardni MIDI soubor (SMF)

o Co je standardni MIDI soubor?

« MIDI sekvence Ize ukladat a prehravat na ruznych zarizenich pomoci
formatu standardniho MIDI souboru (SMF) format.

o Typy MIDI soubor:

* Type 0: VSechna data o hie jsou uloZzena na jedné stopé.

« Type 1: Vice stop je ulozeno oddélené, ale prehravano soucasne.

« Type 2: Uklada vice aranzma na samostatné stopy, pfiCemz kazdé se
prehrava postupné (pouziva se zridka).

22.10.2025
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» Specifikace General MIDI (GM)

1. Mapa nastaveni nastroju (Instrument Patch Map):

« 128 prednastavenych zvukl seskupenych do 16 rodin nastroju, kazda s 8 variacemi.
https://jazz-soft.net/demo/GeneralMidi.html

2. Mapa klaves perkusi (Percussion Key Map — Channel 10):

« Kanal 10 je vyhrazen pro perkusni nastroje, prficemz kazda klavesa je namapovana na
specificky zvuk bicich..

https://jazz-soft.net/demo/GeneralMidiPerc.html
3. Dalsi specifikace:
* Pro komunikaci je k dispozici 16 MIDI kanalu..
« MIDI nota Cislo 60 predstavuje stfedni C (C4).
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 Klasifikace rodiny mapy patchu nastroju MIDI
* Obecna mapa patchu nastroju MIDI (GM):
* Nastroje jsou seskupeny do 16 rodin s 8 variantami v kazdé rodine.

Family Range Family Range
Piano 1-8 Reed 65—72
Pitched Percussion 9-16 Pipe 73-80
Organ 17-24 Synth Lead 81-88
Guitar 25-32 Synth Pad 89-96
Bass 33-40 Synth Effects 97-104
Strings 41-48 Ethnic 105-112
Ensemble 49-56 Percussive 113-120

Brass 57-64 Sound Effects 121-128
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e MIDI Demo https://jazz-soft.net/demo/GeneralMidi.html
General MIDI Program Chart

MIDI Out: | Web Audio v | (note: not all instruments support General MIDI)

If you don't see any General MIDI instrument, please consider installing Jazz-Plugin!

Piano Chromatic Percussion Organ
0 Acoustic Grand Piano g Celesta 16 Drawbar Organ
1 Bright Acoustic Piano 9 Glockenspiel 17 Percussive Organ
2 Electric Grand Piano 10 Music Box 18 Rock Organ
3 Honky-tonk Piano 11 Vibraphone 19 Church Organ
4 Electric Piano 1 12 Marimba 20 Reed Organ
5 Electric Piano 2 13 Xvylophone 21 Accordion
& Harpsichord 14 Tubular Bells 22 Harmonica
7 Clavinet 15 Dulcimer 23 Tango Accordion
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* [Ken Schutte's MIDI Project] (http://kenschutte.com/midi)

* Prehled MIDI Toolbox

oRoot Directory:

- main.m: Hlavni skript pro inicializaci a spusténi funkci MIDI toolboxu.
_* synth.m: Syntetizuje zvuk na zaklade MIDI vstupu.

« synthchallenge.m: Soubor, ktery uzivatelim umoznuje upravovat parametry.

\midi Directory (obsahuje MIDI soubory, napr.:)
Barcarolle.mid
Typewriter.mid

\prii/'éte Directory (obsahuje funkce pro zpracovani MIDI)

\result Directory (vystupni soubory vygenerované toolboxem)
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* Private Directory Functions:

 readmidifile.m:

midimeta.m:

midi2Znmat.m:

miditool.m:

playmidi.m:

midimsg.m:

midichannel.m:

Cte a analyzuje MIDI soubor a extrahuje
MIDI udalosti.

Zpracovava metadata (napf. tempo, ...)
Zz MIDI souboru.

Prevadi MIDI data do formatu notematrix pro
snadnéjsSi manipulaci.

Zakladni nastroj pro zpracovani a transformaci
MIDI udalosti.

Prehrava MIDI sekvenci pomoci vestaveneé
Zvukove syntezy.

Extrahuje a zpracovava data ze specifickych
MIDI kanalu.

Interpretuje jednotlivé MIDI zpravy
(napf. note on, note off).

22.10.2025
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* synth.m function

function y=synth(freq, dur, amp, Fs, synthtype, channel)
% Generate sound based on standard instrument tables
1f channel ~= 10
1f synthtype < 40
tau = 0.1; % Decay time
y = amp .* exp(-t/tau) .* sin(2 * pi * freqg * t);

elseif synthtype < 60

y = amp .* sin(2 * pi * freqg * t);
else

y = amp .* square(2 * pi * fregq * t);
end

end
end

22.10.2025 BE2M31SYN — Synthesis of Audio Signals
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* synth.m for percussion instruments (Channel 10)

1f channel == 10
1f note > 50
y = randn(size(t)); % Generate random noise
else
tau = 0.01; % Shorter decay for percussion

y = amp .* exp(-t/tau) .* randn(size(t));
end
end

In this case, the function generates noise-based sounds,
which are typical for percussion instruments on MIDI channel 10.
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 Examples for MIDI files:

o Barcarolle.mid

« String Ensemble 49 (129 notes).
« String Ensemble 49 (162 notes).
« Concert Grand Piano 01 (1238 notes).

o Typewriter.mid

« Concert Grand Piano 01 (718 notes).
 Electric Grand Piano 03 (499 notes).
* Glockenspiel 10 (50 notes).

« Channel 10: High Bongo 62 (577 notes).

These are examples of MIDI file contents and the instruments they involve,
showing how multiple tracks and channels are used.

22.10.2025 BE2M31SYN — Synthesis of Audio Signals
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BOHEMIAN.MID

22.10.2025

Acoust Grand Piano 01 (1920 notes) Channel 10:

. . Acou Grand Piano 1 (1114 notes)
DIStort GUItar 31 (273 nOtES) Bass Drum 2 35 (334 notes),
Fingered El Bass 34 (480 notes) Snare Drum 2. 40 (132 notes),

Low Tom 2 41 (2 notes),
Timpani 48 (178 notes) Closed Hi-hat 42 (114 notes),
String Ensemble 1 49 (779 notes) Low Tom 1 43 (52 notes),
Mid Tom 2 45 (30 notes),
Choir "Aah" 53 (262 notes) Open Hi-hat 46 (94 notes),
. Mid Tom 1 47 (1 notes),
Orchestral Hit 56 (75 notes) Crash Cymbal 1 49 (66 notes)
French Horn 61 (142 notes) Ride Cymbal1 51 (141 notes),

Synth Brass 1
Alto Sax
English Horn

63 (154 notes)
66 (138 notes)
70 (137 notes)

Chinese Cymbal
Splash Cymbal
Crash Cymbal 2
Open Triangle

BE2M31SYN — Synthesis of Audio Signals
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MISSION.MID

Hammond Organ 17 (4203 notes)

Cello

Synth Bass 1
Synth Bass 2

33 (32 notes)
39 (446 notes)
40 (183 notes)

String Ensemble 1 49 (193 notes)

Orchestral Hit

56 (61 notes)

French Horn 62 (44 notes)
Flute 74 (190 notes)
New Age Pad 89 (117 notes)
Sweep Pad 96 (22 notes)
Seashore 123 (11 notes)
Helicopter 126 (4 notes)

Channel 10:

AcoustSteel Guitar 26 (368 notes)

Bass Drum 1
Side Stick
Snare Drum 1
Hand Clap

Low Tom 2
Closed Hi-hat
Low Tom 1
Pedal Hi-hat
Mid Tom 2
Open Hi-hat
Mid Tom 1
High Tom 2
Crash Cymbal 1
Ride Cymbal 1
Chinese Cymbal
Tambourine
Splash Cymbal
Crash Cymbal 2
Low Bongo
Mute High Conga
Open High Conga
Cabasa

Long Guiro
Claves

Open Triangle

BE2M31SYN — Synthesis of Audio Signals

36 (357 notes),
37 (38 notes),
38 (161 notes),
39 (8 notes),
41 (25 notes),
42 (870 notes),
43 (8 notes),
44 (125 notes),
45 (19 notes),
46 (9 notes),
47 (1 notes),
48 (3 notes),
49 (37 notes),
51 (10 notes),
52 (2 notes),
54 (959 notes),
55 (2 notes),
57 (18 notes),
61 (219 notes),
62 (234 notes),
63 (235 notes),
69 (1144 notes),
74 (15 notes),
75 (8 notes),
81 (64 notes)
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Antonin Dvorak ,, Symfonie €. 9 - Novosvétska,,
https://musescore.com/user/937936/scores/3081476

https://www.youtube.com/watch?v=xwE1nHtYjec

https://www.youtube.com/watch?v=ZuehaT7iHn0O

MIDI nastroje (nastroje v partiture)
Ch 01: instr. no. 74 pricna flétna

Ch 02: instr. no. 72 klarinet

Ch 03:instr. no. 01 piano

Ch 04: instr. no. 41 housle

Ch 07:instr. no. 41 housle

Ch 11: instr. no. 43 violoncello

22.10.2025
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Skladba ,,Také On Me“ norské skupiny A-ha
https://musescore.com/user/937936/scores/3081476

MIDI nastroje

Ch 01: instr.
Ch 02: instr.
Ch 03: instr.
Ch 04: instr.
Ch 07: instr.
Ch 08: instr.
Ch 12: instr.
Ch 13: instr.

no.
no.
no.
no.
no.
no.
no.
no.

69
74
72
41
25
47
35
01

(nastroje v partiture)

hoboj

pricna flétna

klarinet

housle

akusticka kytara (nylonové struny)
orchestralni harfa

elektricka baskytara (trsatkem)
piano

22.10.2025
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B. Smetana "Vltava", symfonicka basen z cyklu Ma vlast

MIDI nastroje (nastroje v partiture)
46 smycce pizzicato (housle 1, housle 2, kontrabas)
47 orchestralni harfa (harfa)
48 tympany (tympany)
49 smyccovy soubor (viola, violoncello 1, violoncello 2)
50 smyccovy soubor (pomalé nasazeni ténu - housle, violoncello)
59 tuba (tuba)
61 lesni roh (lesni roh v C1, lesni roh v C2)
62 zestova sekce (trubka)
69 hoboj (hoboj)
71 fagot (fagot)
72 klarinet (klarinet)
74 pricna flétna (pricna flétna)

22.10.2025 kanal 10, nastroj 49 HighTam 2, neta.C2:HiMid-Tom
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gladiators.mid https://cs.wikipedia.org/wiki/Vjezd gladiator(

MIDI nastroje (nastroje v partiture)

Ch 01: instr. no. 49 smyccovy soubor

Ch 02: instr. no. 49 smyccovy soubor

Ch 03:instr. no. 62 Zestova sekce
Ch 04: instr. no. 57 trubka

Ch 05: instr. no. 58 pozoun

Ch 06: instr. no. 59 tuba

Ch 07:instr. no. 72 klarinet

Ch 08: instr. no. 74 pricna flétna ]

Ch 09: instr. no. 48 tympany perkuse no. 36 basovy buben (kopak), 69 not

Ch 11: instr. no. 10 zvonkohra perkuse no. 38 vifivy buben (virbl), 59 not
_ perkuse no. 40 vifivy buben (virbl), 95 not

Ch 10:instr.no. 1 perkuse perkuse no. 43 floor tom (kotel), 22 not
no. 36, 38, 40, 43, 49 perkuse no. 49 crash ¢inel (crash), 51 not

perkuse no. 52 china ¢inel (¢ina), 1 nota
22.10.2025 BE2M31SYN - synperkusednoib 7 crash Cinel (crash), 1 nota 84
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 Freeware MIDI Tools:

|o Sekaiju — MIDI editor and sequencer.

o Anvil Studio - Tool for creating and recording MIDI music.
o MidiEditor — Simple and easy to use MIDI editor.
oMuseScore — Notation program with MIDI input support.

o Aria Maestosa — MIDI sequencer and editor for easy composing.
o MidiPiano Virtual Piano — Virtual piano for playing and recording MIDI files.
o Virtual MIDI Piano Keyboard — Virtual piano keyboard with MIDI input/output.
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