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JAMmurpuin BaagumupoBuy

KypoOarckmnii
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PenTtunHr Ha caute Professorrating.ru




BJaok 1

Kogu pOBaHNE 3BYKOBbLIX ANAHHbIX



LA u AL

= AHanoro-undgposon npeobpasosarens (AL,
Analog-to-digital converter, ADC) —
YCTPOMCTBO, Npeobpasytollee BXogHou
aHasrioroBsbl curHan B AUCKPETHbIN KO
(undopoBown curHarn).

= Llndppo-aHanorosbin npeodbpasosarens (AT,
DAC) — ycTtpouctBo ansa npeobpasoBaHus
LundopoBoro (00bIYHO ABONYHOrO) Koaa B
aHarnoroBbIN curHarn (TOoK, HanpsXeHne nnu

3apsn).



Cxema ALII

HenpepbIBHBIf HHcKpeTHBIR JIHCKpETHBI
1o BpeMeHy CHrHan O BPEMEHHU K HCTDEPLIBHLIA 110 BpeMeHU U 3HA4eHWy,
[0 3HAYCHHUIKY CHTHAN CUIrHan
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Cxema IHAII

ANCKpETHHIH N0 Ancxperusifi no
BPEMEHH H 3M3YEHHIC BpeMeHH M 3HAYCHHIC
CUTHan ¢ oubKaMK  curian 6e3 omubok

HenpephiBHbIH

HuckpeTHRH e

TI0 3HaM€HHUIKO
cCnrHan
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Hekonep CraaxupaHuWe .

ACKOACTP LJAIT (pkroyas cxeMy — BoccraHaprMBaolAi

BHOOPKH M XpaHeHH) HY-gwietp




Jlnckpernzanust

= [1pn guckpeTnsaunm nsameHatoLadacsa Bo
BpeEMEHU BeNM4YMHa (curHan) saamepsieTcs
C 3agaHHOW YaCTOTOMN.

= UMEET YacToTy
YyacTtoTa ANCKPEeTU3aLUmnm
yacTtoTa BbIOOPKM
YacToTa CaMMIIN-
POBaHUSA




Kpantoanue (quantization)

= —pa3bueHne ananasoHa 3Ha4YeHUN
HEMPEPbLIBHON UM OAUCKPETHOW
BENNYNHbI HA KOHEYHOE YNCIOo
MHTEpPBAanoBs.

= UMeeT Lar.
= ~ DUTHOCTMW.




Pa3psaaHOCTh KBAHTOBAHMS
= 2N ypoBHeU
= N — pa3psagHocCTb

= [1pn N = 16+ OUT — NOrpeLlHOCTN CTAHOBATCS MOYTU
He3aMeTHbIMMW.

011010001 000000 CO0 001010011 101110 111 111 111190 101 100



IlugpoBon curHaJj

= = KBaHTOBaHuMe + ONCKpPEeTU3aLlnA
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IlugpoBon curHaJj




IlugpoBon curHaJj

101111 100 011 101 110 101 010
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Xapakrepuctuku ALLLL

= HacTtoTra auckpetmsauum (Hz, ')

[ToonepkmBaembi AnanasoH vactort (Hz, 'u)
= Teopema KoTenbHUKoBa
f,>2*f
max

= yactoTta Hankeucra

= PaspagHocTb (buT)
OuHamunyecknn guanasoH (dB, ab)

OTHOLLIEHUE cuUrHasm/Lym
=1 6ut~6a0b
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UMnyabCHO=KOI0BAA MOTYJISIIIHS

= — INCKpPETN3aLUns CUrHana Bo BPEMEHU B
COBOKYMHOCTM C METOAOM OOHOPOAHOIO
KBAHTOBaHUS.

= Pulse Code Modulation — PCM

= 3anuncbiBalOTCS aOCONMIOTHbIE 3HAYEeHUSA
aMmnnuTyabl.
= [1pumep:
16 OUT
441 kMU

0o 20 000 Ny (c 3anacom) 14



IlugpoBon curHaJj

= Pasamepsbl AaHHbIX MPU KOOWPOBaHUMN.
1 c. ctepeosByka PCM:

2 (kaHana)

*

2 (banta = 16 ouT)

44 100 Ny

176 400 6ant ~ 176 kb

= 970 0e3 cxarTtus.
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KBaHTOBaHHbIN CUrHan

N/

TANVANNA




HUHTepmoasiust

CuHycounga

[Nlepuon
HuckpeTtuzauymn

Obnacte MHTEpNONALMK

S

[Mapabona




LlymonomaBJieHue

O6biyHbIe YCNOBUA

Tpebyembin ananazou

= Lym kBauTOBaHKHA

Fs\2

* SNR=6,02N+1,6 nb
ana N-Burnoro LA

* Unrerparop sbicTynaer
8 kavectse O®BY ana wyma

6

Osepcamnnuu

Tpebyembik AuanasoH

btk il Wy oacrosav
I

kFs\2 kFs

HoWU3LWEeHnMHr

Tpebyemoiit guanason

LLym keanToBaHMA




CBsa3aHHbBIC TOHSATUSA

= NoaMellnBaHue nceBaocnyy4amHoro
curHana dither

= MlOJyI0Cca NPOonycKaHus
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CIIEKTP CHI'HAJIA

Q AMIIIUTY A
|
|

HOBOE IIOJIOXEHME IIOMEXV

j SPEPTER CBéprKa
W CIICKTpa

YACTOTA

IIOJIOBMHA YACTOTEL

JUCKPETHSAIINA
40xTn/2 = 20 kI

JVICKAXEHHEDL CIEKTP CHT'HAJA

" TENEPH IIOMEXA INONAJAET
B JMAINABOH CJEBIIMMEIX YACTOT

\
X

<
20 xI'n YACTOTA
MIOJIOBMHA UYACTOTEI

JUCKPETHS3AIIMA
40xT/2 = 20 kI




llepeancKpeTn3anusa
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xutTep jitter

dba3oBoe apoxaHue LundpoBoro curHana
OAaHHbIX

T

Unjittered —_—
Jittered e

Jitter exposed




Jipyrue sapuanrsl AL

= HepaBHOMepPHOE (norapnmMmmnyeckoe)
KBaHTOBaHWe
= [lensra-koampoBaHe[lensta-KoanpoBaHue
(oensra-moaynaunsa, amddepeHLumnansHas
MMNyIbCcHO-koaosagd moaynauna (Delta PCM)
ApantusHoe gensrta-koguposaHne (ADPCM)

= Curma-gensra-MmoaynsLms

Tpebyemotiz guanason

LLym keanTOBaHMKA




YPOBHM KBAKTOBAHUA
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PagHOMEPHOES KBAKTOBAHKE HepasHOMEPHOe XBaNTOBaKME




Heapra=xkonuposanne (DPCM)

123456787876565456 PCM

111111110100010011 » PPCM



IIpo6.aemnr DPCM




neperpyska
~|no KpyTU3He

| |nun:ev“ﬁ-|an nm] e

npeocKas

S

5,0 (KT)

A4

npupaLleHnin curHana

= KBaHTOBaHMe

BUBHJIUO 9Ha80d L " BUBHIND
gH8odA suHamedud



ysm apobiieHna - KBaHTO BaH Me C
NnepeMeHHbIM
ucpergyaxoﬁ‘ \ LLI a ro M

110 HAKAOHY

Lym apobachua

-

A

-~  HCKaXKCHHE

neperpyskon
HO HAK/IONY




JlonmostHUTE/IbHBIE TE€UCTBUS

= KaHanbHOe KognpoBaHue
= [lomexoycTonyneoe KoanpoBaHue

[lepemerxeHue

1

ThisIsAnExampleOfInterleaving. ..

(ThisIs pleOfInterleaving...

TIEpfeaghsxlIrv.iAaenli.snmOten.

TIEpfe Irv.iAaenli.snmOten.

T isI AnE amp eOfInterle vin ...

J1




3BYKOBOM KOMIIAKT=IHCK

= OH >xe CDDA, oH xe Compact Disc
Digital Audio, oH e Audio CD, oH xe
Red Book

= 1980 rog, Philips
n Sony




3BYKOBOM KOMIIAKT=IHCK

= MakcnmanbHoe Bpems Bcex 3anucen — 74 (79,8) MuH.

= MuHnmaneHoe Bpems Tpeka — 4 cekyHAbl (BKoyasa 2-
CEKYHHYIO naya3y)

= MakcnmanbHoe KonmyecTBo TpekoB — 99

= MakcumarnbHoe 4YMCro ToYeK OTCHETa (pa3aenos
Tpeka) — 99 6e3 orpaHU4YeHNn NO BPEMEHU

= [MomkeH npucytcTBoBaTh International Standard
Recording Code (ISRC)

= [nametp gucka — 120 mm

= [lnameTtp ueHTpanbHoOro orBepctnss — 15 mm
= TonwuHa amcka — 1,2 Mm

= Matepunan — nonmkapboHar

= BocnpounisseaeHue nHdopmaumm — rnocTosiHHas
nnHenHasa ckopocTb 1,2-1,4 m/c

33



3BYKOBOM KOMIIAKT=IHCK

= Lar popoxku — 1,6 £ 0,1 MKMm
= npunHa nutoB — 0,4 MKM

= [nybuHa nutoB — 0,12 MKM

= [InuHa nutoB — 0,83—3,1 MKM

= [1nnHa BonHbl nasepa — 780 HM

= YacTtoTta guckpetmnsaumm — 44,1 kl'y,

= PaspsagHocTb — 16 OuT (NnMHENHoEe KBaHTOBaHUE)

= CKOpOCTb CUYUTbIBaHMA 3ByKOBOW MHpopmaummn — 1,4112 Mout/c
=  Obwas ckopoCTb cunTbiBaHUSA MHpopmauum — 1,9404 Mout/c

= Koppekuma owmnbok — CIRC (aBonHomn koag Pnaa-ConomMoHa ¢
TPOUHLIM MepeMeXXeHneM)

= U30bITOYHOCTE — 25 %

= MakcumanbHbIn 06bEM MHOPMaLMK, 3aNMCaHHOW Ha ANCKE —
650 (700, 800, 900) Mb

= CkopocTb YTeHus/3anncu CD ykasbiBaetcs kpaTtHom 150 Kb/c

34



CpaBHeHue ayaiuogopmMarTroB

WAVE (WAV)

Digital eXtreme
Definition
(DXD)

FLAC

Windows Media
Audio 9
Lossless

AC-3

MP3 (MPEG-1,
2, 2.5 Audio
Layer III)

Vorbis (OgQ)

Wwav

8 -32

11,025 ( 44,1)
192 1- 6

352,8 : 11,2896

1My —
655.350
KI'y

32 — 640, go
32;:44.1; 48 6144




= Musical Instrument Digital Interface —
LMAPPOBOUN MHTEPAENUC MY3bIKanbHbIX
MHCTPYMEHTOB

= CeKkBeHCOpPbI

36



Biaoxk 2

CxaTtme gaHHbIX



MeanaKOHTEHHED

= — dbopmaT pawnna unu NoToka AaHHbIX,
onpeaensaowmmn TornbKO crnocob coxpaHeHus (T.

€. BHYTPEHHEWN CTPYKTYpbl 3TOro pavna)
OaHHbIX, HO HE anropntm KognpoBaHus.

[Tpumepsi:

= [paduka: JPEG, TIFF

= Ayano: WAV

= MHorouenesble: 3GP, Matroska, AVI

38



Konek

(codec, ot coder/decoder —
Lndppartop/geinpatop —
KOAVPOBLLMK/OEKOOAUPOBLLUK UMK
compressor/decompressor) — YCTPOWUCTBO UNK
nporpamMmma, crnocobHasa BbIMOMHATb
npeobpasoBaHme OaHHbIX UMY CUrHana.

BUOEOKOOEK
ayamokoaek
cxnmarowme 6e3 notepsb (lossless codec)
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@ CTyaeHTY Ha 3aMeTKy
.

FEFmpeg

= - HAbop yTMNUT n OMBNMOTEK ANsA 3anucu,
KOHBEPTaLUN U NPOUTPbIBAHNS NPaAKTUYECKUNX
noboro BMAeo 1 ayamo.

= becnnatHo (nmueH3usa GNU LGPLBbecnnatHo

(nnuen3na GNU LGPL nnn GNU GPL), 6e3
pernctpauumn, padotaet noa Linux, Windows,
He TOmbKO.

= KOHCOINMbHOE MPUNoXeHune.

U

= BkntoyaeTt BuageonpourpboiBaTtens U http-cepsep
015 NOTOKOBOro BellaHnA (MOXXHO caernaTb CBOW

Youtube).
= CtaTtba «19 komaHa ffmpeq ang NobbIXHYXA

».



C:xaruve JaHHBIX 0e3 MOTEPH

= [ 0ssless data compression
= YIHdbopMaLIMOHHAsA SHTPONUS
= JHTPONUNUHOE KOOAUPOBAHUE

= Teopembl LLleHHOHa Ang UcToyHKUKa
oblLlero Buaa




IIpedUKCHBIN KO

= Ycnosue ®aHo: ecnu B KOO BXOAUT C10BO a, TO
onsa nodon HernycTton cTpokn b crniosa ab B
KoOde He CYLLECTBYET.
= 0,1, 00, 01,10, 11 =>
01001101110~010011 0 11 10

= [lpumep cxatug:
00 - 0,01 - 10,10 — 110, 11 — 111
=>

00 01 00 00 11 10 00 00 (16 6uT)

01000111 1100 0 (13 6uT) »



Koa Xadgdpmana

= [TpnHUMN:
YacToThl:

157 6 6 5
A b B I [

Koabl
A b B I [
0O 100101 110 111

= [lpmeHeHne
cxatmne JPEG, MPEG
apxusatopbl PKZIP, LZH v gp.
npotokosbl nepegayvn gaHHelx MNPS n MNP/

43



KoaupoBaHue AJIUH CePUHA

KoanposaHue nostopoB, Run-length encoding,
RLE

[MpuHUMN:

wwwwwwwwwwwwBWwWWwWWWWWWWWWWBB
BWWWWWWWWWWWwWWWWWWWWWWWWWBW

B e
~ —§ﬁ4"1=_
12W1B12W3B24W1B14W —_iﬂf TR 2!:_":—
* [Ipnmenenne: -_22_'_'22"—" e
.
rpacouka: BMP, PCX B Fa—
3ByK (nocne [ensta- s M e o e {1
KOAMPOBaHWSA) - H.H H- = H
BS 1 EY | Ea— O



RLE « DPCM

111111110100010011 4



Aaroputm Jlemneiasa — 3upa —
Beaua

= [ empel-Ziv-Welch, LZW
= [lpumeHenne: GIF, TIFF, PDF
PNG’s Not GIF

46



C:xarue JaHHBIX C MOTEPSMH

= oSSy compression

= BapuaHThl:
TpaHcdopmupytoLlee
= openM LENMNKOM
= NOBMOYHO

[1penckasbiBatollee (NpeankTMBHOE)

47



IIpeoOpasoBanue Dypbe
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Description

A pure 5kHz
ine wave
easuring 1
olt peak

pure SkHz
= nd 10kHz

IIpeoOpasoBan
ne dypne

A pure 5kHz

Time Series

1V

Fourier Expansion Power Spectrum

N
NRVAY,

1V

v(t) = 1sin{in 1)t
1= 2rx(5kHz)

vit) = 1sin{w1)t +
1sin{w2)t

0l = 2JrE5kHz
02 = 2n{10kHz)

1sin{n2 v

vit) = 1sin§m1gt +
t+
n3)t

1sin

1V
u)1=21t$5kHz) 1 | | | > f{Hz)

02 = 2n{10kHz) 5k 10k 20k
03 = 2r({20kHz)

vit) = %sin(uﬂ it o+

&,

3 sin (m2)t +

i 2
5nsm(u)6)t...

n1=2n(5kHz)

L f(Hz)
5k 15k 25k
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IIpeoOpa3zoBan




OuT/Wym CXKaThIH
HalHa'leHue (popMaTHpoBaHug  BbHIXOA
KBaHToBaHHe BBLIXOAH. NOTOKA
KOAMpOBaHHe

oTobp. n
YACTOTHYIO
obnacrs

NCUX0AKYCTHY. |omHowweHue cayxebubie
MOJIENb CHrHan/Macka faHHble

(a)

CXKATHM ACKOJIHPOBAHHOE
BBHIXO BOCCTAHONW/ICHME nepexon or PCM ayauo

—ead  PA3KATHE IBYKORBIX HacToTHl K -

CIMMNI0B BPEMEHH

cnyxebHbie
NaHHble (b)




ekt Xaaca (Haas)

= - HECNOCOOHOCTb YenoBeKa BbIABMNATb
NCKaXkeHna B UMnynbcax AnMUMTeNbHOCTbIO
meHee 20 Mmc

Sy



dpdeKT MACKUPOBKU

>

Frequency




burpeur

= 3[0ecCb — CTENEHb CXaTu4a NoToKa ayamo- nnm
BUOEO0OaHHbIX.

= |LinpuHa notoka: onpeaensieT, CKONbKO OuT
HeobxoaMmo Ans KkoampoBaHnsa 1 cekyHabl 3ByKa.

bbiBaer:

= NOCTOSAHHbLIM (aHrn. Constant bitrate, CBR)
= nepemMeHHbIM (aHrn. Variable bitrate, VBR)
= ycpeaHeEHHbIM (aHrn. Average bitrate, ABR)

= Yallle BCEro u3amMepsioT B kunobutax (Merabutax) B
cekyHay (kilobit per second, kbps; Mbit/s, Mbps)

o4



Komnpeccust u300paxeHuu

= CHwmXeHue rnyobunHbl LBETa
= MeToa rnaBHbIX KOMINOHEHT
= PpakTanbHoe cKaTtue

= C)aTme Ha OCHOBe npeackasaTenemn
JPEG-LS
OVKM

Nepapxmnyeckasa ceTodHasi MHTepnonsaLumns
CALIC

= JPEG
= BameneTtHaga komnpeccud

JPEG 2000
DjVu

95



MeToJ Ii1aBHBIX KOMIIOHEHT

o6



PDpakTajdbHOE CKATHE







JPEG

hn B W I

. Npeobpa3oBaHNE 13 LIBETOBOIO

npoctpaHcTBa RGB B YCbCr

. «npopexusaHue» (subsampling)

. ONCKPETHOE KOCUHYCHOE NpeobpasoBaHmne
. KBaHTOBaHue koadpdpunuymeHTo OKIT

. C)KaTue C Ucnosfib3oBaHMEM KoOaMpoBaHUS

cepun u kogos XadpdpmaHa

99



Ilpope:xxuBanue

60



JInCKpeTHOE KOCMHYCHOE

peodpasoBaHue
/5 76 75 75 69 66 77 71
/3 74 73 74 63 64 68 69
69 68 71 72 67 58 48 41
59 585 56 52 47 40 24 9
51 50 45 41 33 22 7 -5
43 37 32 24 15 5 -6 -25
29 21 9 -2 -10 -21 -44 -69
9 -4 -17 -35 -52 -61 -57 -35
251118 -136 -2 6 -1 0
2719-68 -8 -7 -1 4 -4 -1
51 -14 34 145 0 -1 O
2r 5 -108 -7 4 -5 1
22 -7 14 9 4 -2 1 1
3 15 1815 6 2 -1 2
/7 9 6 6 4 0 0 2
3 7 9 3 0 -2 -1 0

61



IIpumep cxatusa JPEG c paznbivu
KO3 dUunueHTAaMHU




CriiaxkvBaHue U MHTEPHOJISIIUA

= bnnmxanwmnm cocen
= bunuHenHas
= bukybunyeckas




IlpeAMKTHBHOE CiKATHE

b1t t3 4 t5 tg 1y tg tg typ




BJiioxk 3

OcobeHHOCTN KOONPOBaHUS U
cXXaTusl BUaeoaaHHbIX



YUV

= 3 KOMIMOHEHTbI — ApPKOCTb (Y) 1 aBe
LiBeTOpasHOCTHLIX (U n V)

= YPDbPr
= YCDbCr




Cranaaprsl TejieBelaHus

Bl SECAM
[C] PAL or PAL/SECAM

[C] no info




Cranaaprsl TejieBelaHus

= NTSC
525 (480) cTpok
99,94 noneun B cekyHay
B AMepuKe n AnoHunu
= PAL/SECAM
625 (576) cTpokK
50 nonen B cekyHOy
B EBpone (PAL)

BO PpaHunun, Poccun, Kutae n HekoTopbix cTpaHax brnvxHero
Boctoka (SECAM)

= HDTV

720 ctpok / 50 nonen, 60 nonen / 30 kagpos, 25 kagpos, 24 kagpa
= Full HD

1080 ctpok / 50 nonewn, 60 nonen / 30 kagpos, 25 kaapos., 24 Kagpa
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Pa3pelieHue Buaeo

— | “xg&; | ! FUl MO, 1080V
) g |




Pa3BeprTka

INeKTpoHHan
nyu.lI(a

MnactuHa
BEPTUKANbLHOIO
OTKNOHEHWUR

SKpaH

Toqxa Ha aKpaHe

r\“Balq.rym

ropnsouTan bHaA pasBepTia

BeptukansHas
pa3BepTka

Fopu3OHTANBHLIA
obpatHLin xon




MexaHnuyeckass pa3Beéprka
= [lnck HunkoBa

Image projected

onto a screen  T———a

Direction of
rotation —

¥~ Electrical signal
From transmitter

Nipkow disk for a 16-line picture (receiver / picture generator)




IlporpeccuBHasi pa3BepTKa

OTCyTCTBI/Ie BN3YyaJibHbIX NCKaXKEHUMN.

HeT HeoOXOOAMMOCTN NPUMEHSATL
Crna)knBaHue.

BuoeounsobpaxeHne MoXXHO
MacLuTabupoBaTb 40 OOrbLUErO
pa3peLllueHuns boicTpee u
KayeCTBEHHEE.

Kagp MOXeT ObITb COXPaHEH Kak
oTaenbHaa potorpadus.

72









BapuaHThI yCTpaHCeHUS

a) YepeccmpoyHas passépmka 6) CanaxusaHue

75



BapuaHThI yCTpaHCeHUS




KoMnieHcanua IBHKCHUS

= Motion Compensation

77



KoMneHncanus J1BHKCHUS




KoMneHncanus J1BHKCHUS

| 0 |
ol 2| | | | A
AR | | O |
EPP 0 e
- = fest]
"
N
'

)
¥
i
S BREINEEEEE
oo O I

L]
15 I S A ,
| L,
N
“‘h!II==!gI

| |
BAE
ol [
|
ds
B

o

1 s B O O O I
Lt | |||

—
ST | [ [ 111 =

L]
N
zﬂllllllllll
[

i

EEHI

"'
F ™ A

H
.J
N

r—
[
=
el
i
A
?--
e

79



KoMneHncanus J1BHKCHUS




KoMneHncanus J1BHKCHUS
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KoMneHcanua IBHKCHUS
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KoMneHncanus J1BHKCHUS
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abcfgop AO abcfgop
abcfgop AO abcfgop

abctgop

abctgop




