videotech

MeHbLUaeM 3a4epPXKy B
Ive-TpaHCNALUAX

OmuTtpun KpasLos,
AHpekc.BnaoeoCcTpUMUMHT

i By e P g

Anekcen ['yces,
AHpekc.[13eH

2



[ Ae MOXHO NOCMOTpPETbL BUAEO Yepes Hac?

KHMHOIIOHUCK SlHpekc 1B
fHpexc + [3eH AdHpekc @ Anuca
Aupexc & CnopT fupekc (<) My3bika

AHpekc & Moroaa fupekc 72 Mapket



CnopTuBHbIE TPaAHCNALUN

)!N%’”@M%W"‘%» )

>

<

S - /

| S \ ‘ /L:..M

3 N o
\ - N .

\ 4 y

]
e

‘wx. wan .—._.Wu«.._ . ..Wr f n T -
v .;.A v % 1 J. ’ r&. ...s S
20, BOeSeQ
'oPePe® 4
| <D= 2= < X

q N ) ‘ % % ¢ Ayr_
r 20N . . B0
e “3 > > ) s’
ol Rose 20 0 e%e
S iy fie

S e

. & s«}&
NN B\ b

N i1 N




Ctpymep n noANUCUYUKHU

% -
Tl 011011 I

: ‘.‘* ™ —_l-jr__.LLL' ,. E




Kak MOXXHO cmoTpeTb pyTOONbHbLIN MaTYY?




Kak MOXXHO cmoTpeTb pyTOONbHbLIN MaTYY?

Ha ctagnoHe
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Kak MOXXHO cmoTpeTb pyTOONbHbLIN MaTYY?

0 0,2-0,3 5-10

Ha ctagnoHe
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Ha cTaguoHe TeneBngeHue



Kak MOXXHO cmoTpeTb pyTOONbHbLIN MaTYY?

Mbl ObINU 30€echb
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0 0,2-0,3 5-10 25-40

Ha ctagnoHe

QKpaH Lindoposoe Knaccundeckuin CTpUMMHT
Ha cTaguoHe TenesngeHue DASH
HLS
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Ctapas apxuTeKkTypa

Kak Bce paboTaro paHbLue?
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Kyaa moXXHO ObIfnio ABUraTbCH

0 0,2-0,3 5-10

25-40

Ha ctagnoHe

OKpaH Lindpposoe
Ha cTaguoHe TeneBngeHue

Knaccuyecknm CTpUMUHT
DASH
HLS

10



Kyaa moXXHO ObIfnio ABUraTbCH
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Kak ycTpoeH cerMmeHT?

S CeKyHO
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Kak ycTpoeH cerMmeHT?

MeTaﬂ,aHHble

S CeKyHO
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Kak ycTpoeH cermeHT?

MeTap,aHHble vaeo/aynmo AaHHbIe

S CeKyHO

13



Kak yctpoeH CMAF-cermMmeHT?
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Kak pa3gaTb HEenosnHbIN CerMeHT?

CermeHT
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Kak pa3gaTb HEenosnHbIN CerMeHT?

Transfer-Encoding: chunked

CermeHT
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PacknagbiBaeM 3agepXKy MO KOMMNOHEeHTaMm
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NTorosasa 3apgepxka B CDN
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Kak nokazatb CMAF
CEerMmeHTbl B nneepe’?



Kak yctpoeH CMAF-cermMmeHT?
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Kak yctpoeH CMAF-cermMmeHT?
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HY>XHO YMETb YnTaTh
Teno oTBeTa
B npouecce 3arpysku
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https://caniuse.com/mdn-api_readablestream

const response
const reader =

awalt fetch('segment.méds') ;

response.body.getReader () ;

async function pump () {
const { wvalue: chunk, done } = awalt reader.read|() ;

1f (done) {
return;

J

pushToSourceBuffer (chunk) ;
return pump () ;

J

awailt pump () ;
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const response = awalt fetch('segment.méds'); < [Tonyyunnu
const reader = response.body.getReader () ; 3aroyioBoK oTBeTa
async function pump () {

const { wvalue: chunk, done } = awalit reader.read|() ;

1f (done) {
return;

J

pushToSourceBuffer (chunk) ;
return pump () ;

J

awailt pump () ;
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const response = awalt fetch('segment.méds');
const reader = response.body.getReader () ;

async function pump () {

const { wvalue:
1f (done) {
return;

J

chunk, done | =

pushToSourceBuffer (chunk) ;

return pump () ;

J

awalt pump () ; <

3anycTunun YTeHne
yepeld ReadableStream

awalt reader.read() ;
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const response
const reader =

awalt fetch('segment.méds') ;

response.body.getReader () ;

async function pump () {
const { wvalue: chunk, done } = awalt reader.read|() ;

1f (done) {
return;

J

pushToSourceBuffer (chunk) ;
return pump () ;

J

awailt pump () ;

<€

[TpounTanu
YaHK OAaHHbIX
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const response = awalt fetch('segment.méds');
const reader = response.body.getReader () ;

async function pump () {

const { wvalue: chunk, done } = await reader.read|() ;
1f (done) {

return;: < Teno oTBeTa 3arpyxeHo MOSTHOCTbIO
\ (cepBep oTaarn YaHK HyneBou AfNHbI)

pushToSourceBuffer (chunk) ;
return pump () ;

awailt pump () ;
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const response = awalt fetch('segment.méds');
const reader = response.body.getReader () ;

async function pump () {
const { wvalue: chunk, done }
1f (done) {
return,;

J

awalt reader.read() ;

ObpabaTbiBaem

pushToSourceBuffer (chunk) ; <
return pump () ;

J

awalt pump () ;

YaHK CEeIrMEHTa
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[Nekooep moxeTt obpabaTbiBaTb
TONbKO MOSIHbIE
mp4-aToMbil!



[TapcMm mp4 Ha KNUeHTe
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MP4Box.js

github.com/gpac/mp4box.|s/

UM CaMOMUCHbIN Napcep
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https://github.com/gpac/mp4box.js/

lTenepb MOXHO OoenaThb
low latency!



larget latency —
LleneBoe BPEMSA OTCTaBaHUSA
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CTtapTtoBas no3mumnusa Ha TanmMmrnanHe
BbIYNCIMAETCA KaK OTCTYI

Ha target latency ot npaBoun rpaHuLbl
TanMranHa
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Target latency =
oroaKeT 3agepkkm (10 cek)
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bloIKeT 3a4epXKu coluenca!
Katnm?
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KTO BUHOBAT,
M YTO Aenartb?



ABR — Adaptive BitRate

KOMMNOHEHT 1 HAabop anropnTMoB, OTBEYAIOLL NN
3a BbIOOP BUaOeo/ayamo AOPOXKKM B aAanTUBHOM CTPUMUHIE
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KaK yCTpoOeH
ABR-meHenxep?
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4TO NnponcxoguT
co CMAF?
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ABR-MeHeaXep HYXHO
aganTtupoBaTb Angd low latency



A KaK pellaroT npobnemy
apyrme cepBuUChHI?



ACM MMSys 2020 Grand Challenge on
Adaptation Algorithms for Near-Second Latency

Organized and sponsored by
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Learn2Adapt-LowLatency (L2A-LL)

4 ) 4 )
// - \ // - \\\ k-1 video - A during k-2
I N chunk > Buffer > chunk
\\ Low \\ Medium Network download _ Y decoding
\_ J \_ J l \
Video sequence 4 I
In multiple representations Buffer displacement Disol

during k-1 download 'Spiay

/, —~\ \_ J
fa N\ |
\ 4
High
N\ 4 )
: <
\- / 'I;jhurﬁgghkﬂj t [ ‘eaming Feedback form
\ J download agent previous decisions
\ J
‘ k-th video chunk | 1
request <
Encoding information

(manifest/playlist) J

unified-streaming.com/blog/learn2adapt-low-latency-adaptive-streaming 51


http://unified-streaming.com/blog/learn2adapt-low-latency-adaptive-streaming

dash.js

iImMnnemeHTauusa L2A-LL

github.com/Dash-Industry-Forum/dash.js/pull/3424
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https://clck.ru/YLqcq

[Ipobrnema oueHKM CKOpPOCTU CETHU
HUKyOa He aeBaetca @




ECn Mbl HE MOXeM aenaTb YTO-TO
Ha KNWeHTe, JaBauTe genaTb
9TO Ha cepBepe?
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TCP BBR: ObicTpbIu 1 NpocTON CNOCO6
YCKOpPEeHUA 3arpy3ku cTpaHuL

o A TCP 6e3 BBR T A TCP ¢ BBR
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Bpems Bpems
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https://www.youtube.com/watch?v=hOr9GP_czFs
https://habr.com/ru/company/yandex/blog/533530/

[Tonpobyem?
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Ecnn Ha VOD ok —
TO U Ha LIVE OK



A/B-akcnepumMmeHT

CpaBHMBAEM METPUKNA
oydbepusaunn
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BbiBOAObLI
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BbiBOAObLI

‘ BBR 3aBbilIaeT OLUEeHKY CKOPOCTHU
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BbiBOAObLI

‘ BBR 3aBbilIaeT OLUEeHKY CKOPOCTHU

‘ BBR menneHHoO cxoauTtcs
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BbiBOAObLI

‘ BBR 3aBbilIaeT OLUEeHKY CKOPOCTHU

‘ BBR menneHHoO cxoauTtcs

BbiBoA: 9TO pelleHns HaMm He noaxoauT
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Idle time
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AB || CD
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AB || CD

ABCD — napannenorpamm
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I =T —Idle time

ONMUTENBHOCTL 3arpy3kn doparMeHTa =
ONMNTENbHOCTbL NONy4YeHna doparMeHTa — BpemMsa «NPOCTOA»
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KaK nony4vnTb
iIdle time Ha kKnneHTte?



CDN

Player

TanmcTtamn nony4vyeHus
3anpoca

Tanmmctamn oTnpasKku
doparmeHTa #1

TanmcTtamn oTnpaBKu
doparmeHTa #2
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UUID-box

> 16 6anT uuid-ngeHTndukaTtop + payload

> B ka4yecTBe MeTagaHHbIX B payload
3anuLiemM cepBepHbIN TaumcTamn!
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CDN

Player
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CDN

Player

idle time

idle time = UUID#2 — UUID#1
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OueHKa CKOpPOCTU KaHana

b

(011 e ——
T — (UUID#2 — UUID#1)



NTtorm

MepgnaHa 3aaepXkn — 6 cekyHAa
(Mpun n3HayvyanbHoM Orogxete — 10 cekyHA)
C MOTEHUManom ganbHEULLErO yny4LleHuns

HeT 3Ha4YnMbIX N3AMEeHEeHN oCTalnbHbIX
NPOAYKTOBBLIX N TEXHUYECKUX METPUK
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Y4TO MbI NNaHMpyem genaTtb Aanblue

‘ YMeHbLUaTh 3a0epKKy 3a CHET AanbHenLWwmnx
oNnTUMM3aunn 1 "NoOKPYTKNU" CKOPOCTU BOCNPOU3BEOHUS,
4TOObI HAarHaTb OTCTaBaHWe nocne oydepunsaynm

‘ YNy4ylwnTb anroputM OLIEHKM CKOPOCTU CETU - cenyac OH
MTHOPUPYET NapansnenbHo 3arpyXaemMmble ayano-aaHHble

OTkntovaTtb low-latency pexum nocne HeCKONbKNX
npepbiBaHUN NPOCMOTPA
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VISEEGTIVEELY L

clck.ru/Z6gJV

PpoHTEeHA

- Pa3spaboTtyuk B Beb-Nneep
- CTaxep B BebO-nneep

Android

- Pa3paboTtyumk B android-nneep

79



i LT ro

videotech

Al *_:r -

Cnacubo

> [vvrpuin Kpasuos,
AHpekc.BuoeocTpMuHr

Anekceu l'yces,
AHpgekc.[13eH

i

I
| T i B e T
o

"F'EFI

.'.:J . 5 . P L ol l"-. '.'-l-.'.'r:l .'- . T, = - ' '_r_a-' i, '-' e g " '.

T H 5?5:=‘-i‘+*‘ i e e TR e B s L e R T e e R
LHE g - L g e :; L hra T L ! g e = ol L s gl (Yl = I L T '_-I’
e P (e s W e e e D e S S e



