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VIDED

e Video erpica”y names the combination of
—_ One Oor more OUCI]O S'I_I’QOmS CH’]CI

— One or more ViCIQO streams

h.264 compressed video stream

AAC encoded German audio stream/s



VIDED

We focus on the visual part:
e A video is o sequence of pichu res

e Shown at a certain rate

— More than 12 images / second needed
—eg 25 (PAL) 30 (NTSC), 24 (24p)

* For equo| |eng’rh tHme slots

— cp. jitter




VIDEQ COMPRESSTON

. Bosico”y there are two types of compression:

— |ntra frame compression: A sing|e imoge IS

compressed (like a JPEG image).

— |nter frame compression: Compression is based on

surrou no|ing frames.




VIDEQ COMPRESSTON

DIFFERENCE BETWEEN TEMPORAL NETGHBORS




DEA: COMPENSATE MOTION

e Difference originates from motion

— Foreground VS. bOCL(gI’OUI’]d motion

e Encoder tries to estimate motion

— E.g. rooster moves from left to rithr, 9 pixe|s
e Decoder ‘moves’ last decoded picture

e Difference is encoded




DEA: COMPENSATE MOTION

* Image is split in blocks (e.g. 8x8& pixels)
e "Motion vectors are compqued
— Where does the block move from the last pictu re’?

e Difference is stored

— Between predided block and
— Moved block in the previous picture

Previous —— C. urrent
(reference) (1nput)
Frame Frame




INTER ERAME COMPRESSION

Qe

e |-Frame: Intra coded picture

e P_-Frame: Predicted picture

I-frame

------------

------------

e B-Frame: Bi-directional predided picture

P-frame
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INTER ERAME COMPRESSION

¢ Frames are QﬂCOdQC] N GOPS (group O](

pictu res)

e GOPs differ in size based on the

— Compression S+OI’1CIC|FCJ CH’]CJ

— Video content
* Examples
— GOP size 5: |-P-P-P-P
— GOP size 17: |-B-B-B-P-B-B-B-P-B-B-B-P-B-B-B-|




MPEG VIDEQ ENCODING SCHE
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MPEC VIDEQ DECODING SCHEME
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1. 264 INTERNALS: EXAMPLE

e H264 slices and macroblocks for predic’rion
 Skip, I- and P-macroblocks

e Motion vectors
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VIDEO CODING: ADDITIONAL THOUGHTS

o \)\/hy does encoding take so |ong?
e What is mu|’ri—poss encoding?
e How can fast forward” and ‘reverse” work?

* How do | jump fo a cerfain tfime point in a
video?



VIDED FORMATS & CONTATNERS: AV]

e AVI .= Audio Video Interleave

. Wldespreod format for storing audio visual data
e Defined |oy Microsoft, pOpu|or on Windows systems

* Based on the Resource Interchange File Format
(RIFF)
— File is orgonized in chunks and lists

— Sequen+io| and hierarchical composition of chunks and lists



VIDEO FORMATS & CONTAINERS: ASk

« ASF .= Advanced Systems Format
— Meant as rep|ocemen’r for AV|

° Design goo|:
— Efficient p|oybock from servers (e.g. HTTP server)

— Local storage

— Mey be used for edi’ring purposes (no exp|ici+ Focus)

¢ LQSSOHS |€CH’HQCI

— Support of incremental generation of content (live content)

— 64 Bits size fields (to tackle 4 GB limitations)

e File extensions

— .wmv (video data) and .asf (otherwise)



VIDEQ FORMATS & CONTAINERS: MP% / MOV

* Powerful and complex format

— File organization based on boxes

— Supports file sizes > 4 GB

— Explicit fiming information

— Focus on MPEG-based audio and video formats
* Streaming support

— Video streaming suppor’red (e.g., used |oy iPhone)

— File format concepfts do not allow incremental generation and

consu mp’rion

o MP4 is not the successor of MP3 ;)



VIDEQ FORMATS & CONTATNERS: MATROSKA

. Qpen & patent free container format

— For streaming and storage

e Matroska is derived from Hoader

Meta Seek Information

M (TITYOS h k(] < Mane]_HKa) — = Segment Information

Track

,nesting doll’ Chapters

e File extensions: .mkv .mka .mks e




VID ) CONTAINERS & FORMATS: MPEG

MPEG-]
— Meant for Video CDs
« MPEG-2
— Meant for high resolution materials
— Used for DVDs & DVB, main cash-cow of MPEG

e MPEG-4 SP & ASP
— First try on a better format

o AVC /H264
— Adop’red from H264 / ITU, used for e.q. B|ue—Rst, etc.

« HEVC (High Efficiency Video Coding)
— Supports 8K Ultra HD



VIDED CONTATNERS & FORMATS: WEBM

. Royoﬂ’ry free online video format

— Matroska container
— VP8 & VP9 video codec

— Opus audio stream

e Native support in
— Chrome, Firefox, Opera



VIDED CONTATNERS & FORMATS: AVID & DTVX

* Both are basically MPEG SP/ASP

imp|emen’ro+ions

e DivX is proprietary

DivX ;) was hacked

Deve|oper got hired

| ater DivX ‘learnec

from a MS codec
|oy DivX, Inc.
"AVC, HEVC and uses MKV

¢ X\/ICI S open source SO]C'I'WOFQ

—Typico”y packed into an AV| container



UTHER VIDED FORMATS ...

OGG (Vorbis & Theora)

— Qpen source, patent free

— Used in CC, \)\/ikimedio, many game engines

* Bink (RAD Game Tools)
— Proprie’rory, used in games, |i|or0ry & effects

e FLV - Flash Video
— Adobe container for Sorenson, VP6 & AVC

o MXF
— Professional container for B2B
e Real Media

— SJrreOming server & p|0yer o|ong with format



DEMO: FEMPEC CMD-LTNE
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MULTIMEDTA NETWORKING

. Apphcaﬁons
— SJrreoming stored data
— SJrreoming ive data

— Real time interactive video

e Characteristics
— De|oy sensitive

— Loss tolerant



INTERNET MULTIMEDIA: DOWNLOAD & PLAY

e Data stored in file
e File transferred via HT TP

— Received at the client

— Passed on to the p|oyer

e That's not streaming

— Long start-up delays, etc.



INTERNET MULTIMEDTA: PROGRESSTVE DOWNLOAD

Video URL is handled by browser, plugin or
video p|oyer

Server is contacted via TCP/HT TP
SJrreoming—hke experience using HTTP-GET

P|O|yer starts as soon as there is enough

dOWﬂ|OOC]€d

SJrops or pauses if there is not enough dato



INTERNET MULTIMEDIA: STREAMING

* Non-HTTP protocol between server and medio
p|0|yer
* Can use eg. UDP (see later)
— Each frame is packoged in a UDP o|0+ogrom
— If one dojragrorn is lost then the frame is lost
— Client takes care of package order

— Pause, forward, rewind are supporJred



INTERNET MULTIMEDTA: CURRENT APPROACHES

e HITP pseudo—s’rreaming
— Like progressive download

— But seeking is supporJreol (jump to time poirﬁ)
e H] TP dynomic/hve streaming
— Server provides many small files

— In different resolutions / bitrates

— Client g|ues files JrogeJrher for full video



MPEG DASH

¢ SQI’\/QF l’]OS for QOCl’] vio|eo
— lots of small chunks, ie. 1 sec each
— pre-transcoded in different sizes & bit rates

e Client gets Media Presentation Description
— knows which chunks are available

— requests what is appropriate

o Features:
— stream & bitrate switching, HT TP transport, ..



MULTIMEDTA NETWORKING: MULTICASTVS. UNTCAST




MULTIMEDTA NETWORKING: MULTICASTVS. UNTCAST




WHY STREAMING!

e DRM & Securier in ...
— IP-TV & Interactive TV: Aon TV, etc.
— Movie & video rentals: Nefﬂix, Xbox Video Store

e Real time services like

— VolP, video conferencing

* Live streaming

— Spor’rs event, etfc.

e Multicast: De|ivery to many clients at once



DEMO: TWITCH.TV
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DVB

* DVB := Digital Video Broadcast

. Europeom standardization and deve|opmen’r

effort

e Suite of open standards for o|igi+o| television

since 1990s M®

— Based on existing standards
Digital Video

Broadcasting




DVB

e DVB Projed (Www.dvb.org)

— |no|us+ry—|eo| consortium of 280 companies from 35

countries (broadcaster, network operator, manufacturer)

— CurrenHy more than 200 million DVB receivers dep|oyeo|

. Europeom Telecommunications Standards

Institute (ETSI)

— Founded in 1988, now 740 members

— |no|epeno|en+, non—proFiJr standardization organization



DVB - TRANSMISSION

e Common source coding and mu|+ip|exing

« DVB-S (1994)
— DVB-52, DVB-SH

— 107 million receivers o|ep|oyeo|

« DVB-T (1997)
— DVB.T2 DVB-H

— 8] million receivers o|ep|oyeo|

e DVB-C (1998)
— DVB.C2

— 49 million receivers o|ep|oyed



DVB-3

e Broadcast |oy geostationary satellites
e Coexistence with existing om0|og programmes

* \/ery popu|or N Europe
— Inexpensive equipment (< 100 €)
— No follow-up expenses

— COVQFOgQ O]C SpOI’SQ-pOpU|0+€CI dreads

— Variety of different channels (free to air, FTA)
— Astra and Hotbird satellites



DVB-3

. Geos’raﬁondry Communication Satellites

— Appeor at a fixed position for an earth-based observer
— Moves with the same speed as earth rotation

— Orbitdl position of about 36000 km above equator

— Comporison:

1/10 way to the moon
1SS or Spoce Shuttle - orbit of 400 km

e Satellites can be posiﬁoned at different
|ongi’ruo|es, e.g.

— Astra at 19.2° East
— Hotbird ot 13° East



