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Video	
  Predominant	
  on	
  the	
  Internet	
  
•  Real-­‐3me	
  video	
  is	
  more	
  than	
  50%	
  of	
  the	
  traffic	
  at	
  peak	
  periods	
  
•  Mobile	
  traffic	
  is	
  growing	
  exponen3ally,	
  all	
  delivered	
  over	
  the	
  top	
  (OTT)	
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...	
  but	
  User	
  Frustra3on	
  is	
  High!!!	
  
•  Wrong	
  format	
  
•  Wrong	
  protocol	
  
•  Plugin	
  required	
  
•  DRM	
  issues	
  
•  Long	
  start-­‐up	
  delay	
  
•  Low	
  quality	
  
•  Frequent	
  stalls	
  
•  Bitrate	
  intense	
  
•  No	
  DVD/PVR	
  experience	
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Dynamic	
  Adap3ve	
  Streaming	
  over	
  HTTP	
  

•  In	
  a	
  nutshell	
  …	
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Tutorial	
  Outline	
  

–  Scope	
  and	
  design	
  principles	
  
–  Data	
  model	
  
–  Profiles	
  

–  GPAC	
  
–  VLC	
  media	
  player	
  plugin,	
  libdash	
  
–  Javascript	
  &	
  HTML5	
  =>	
  DASH-­‐JS	
  

–  Mobile,	
  heterogeneous	
  environments	
  
–  Quality	
  of	
  Experience	
  (QoE)	
  
–  TCP	
  interac3on	
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What	
  is	
  DASH?	
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Dynamic	
  Adap3ve	
  Streaming	
  over	
  HTTP	
  (DASH)	
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Proprietary	
  Solu#ons	
  

3GPP	
  Rel.9	
  Adap#ve	
  
HTTP	
  Streaming	
  	
  

Int’l	
  Standard	
  Solu#ons	
  V1	
   Int’l	
  Standard	
  Solu#ons	
  V2	
  

Apple	
  HTTP	
  Live	
  
Streaming	
  	
  

Adobe	
  HTTP	
  
Dynamic	
  Streaming	
  	
  

Microsoe	
  Smooth	
  
Streaming	
  

Neflix	
   Akamai	
  

Movenetworks’	
  
Movestreaming	
  	
  

Amazon	
   .	
  .	
  .	
  

OIPF	
  HTTP	
  Adap#ve	
  
Streaming	
   MPEG-­‐DASH	
  

3GPP	
  Rel.10	
  DASH	
  

3me	
  

V3…	
  



DASH	
  Design	
  Principles	
  
•  DASH	
  is	
  not	
  

–  system,	
  protocol,	
  presenta3on,	
  codec,	
  interac3vity,	
  DRM,	
  client	
  specifica3on	
  
•  DASH	
  is	
  an	
  enabler	
  

–  It	
  provides	
  formats	
  to	
  enable	
  efficient	
  and	
  high-­‐quality	
  delivery	
  of	
  streaming	
  
services	
  over	
  the	
  Internet	
  

–  It	
  is	
  considered	
  as	
  one	
  component	
  in	
  an	
  end-­‐to-­‐end	
  service	
  
–  System	
  defini3on	
  les	
  to	
  other	
  organiza3ons	
  (SDOs,	
  fora,	
  companies,	
  etc.)	
  

•  Design	
  choices	
  
–  Enable	
  reuse	
  of	
  exis3ng	
  technologies	
  (containers,	
  codecs,	
  DRM	
  etc.)	
  
–  Enable	
  deployment	
  on	
  top	
  of	
  HTTP-­‐CDNs	
  (Web	
  Infrastructures,	
  caching)	
  
–  Enable	
  very	
  high	
  user-­‐experience	
  (low	
  start-­‐up,	
  no	
  rebuffering,	
  trick	
  modes)	
  
–  Enable	
  selec3on	
  based	
  on	
  network	
  and	
  device	
  capability,	
  user	
  preferences	
  
–  Enable	
  seamless	
  switching	
  
–  Enable	
  live	
  and	
  DVD-­‐kind	
  of	
  experiences	
  
–  Move	
  intelligence	
  from	
  network	
  to	
  client,	
  enable	
  client	
  differen3a3on	
  
–  Enable	
  deployment	
  flexibility	
  (e.	
  g.,	
  live,	
  on-­‐demand,	
  3me-­‐shis	
  viewing)	
  
–  Provide	
  simple	
  interoperability	
  points	
  (profiles)	
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Scope	
  of	
  DASH	
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Server	
  

MF	
  

DF	
  

ISOBM
FF	
  

M2TS	
  

easy	
  
conversion	
  

MF	
  

DF	
  

ISOBM
FF	
  

M2TS	
  

Client	
  

easy	
  
conversion	
  

1	
  

2	
  



What	
  is	
  specified	
  –	
  and	
  what	
  is	
  not?	
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DASH	
  Data	
  Model	
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Segment Info 

Initialization Segment  
http://www.e.com/ahs-5.3gp 

Media Presentation 
Period, start=0s 

… 

Period, start=100s 

… 

Period, start=295s 

… 

… 

Period,  
• start=100 
• baseURL=http://www.e.com/ 

Representation 1 
500kbit/s 

… 

Representation 2 
100kbit/s 

… 
Representation 1 
• bandwidth=500kbit/s 
• width 640, height 480 

 
Segment Info 
duration=10s 

Template: 
./ahs-5-$Index$.3gs 

… 

Media Segment 1 
start=0s 
http://www.e.com/ahs-5-1.3gs 

Media Segment 2 
start=10s 
http://www.e.com/ahs-5-2.3gs 

Media Segment 3 
start=20s 
http://www.e.com/ahs-5-3.3gh 

Media Segment 20 
start=190s 
http://www.e.com/ahs-5-20.3gs 

Ack	
  &	
  ©:	
  Thomas	
  Stockhammer	
  



Media	
  Presenta3on	
  Descrip3on	
  
•  Redundant	
  informa3on	
  of	
  Media	
  Streams	
  for	
  the	
  purpose	
  to	
  

ini3ally	
  select	
  or	
  reject	
  Adapta3onSets	
  of	
  Representa3ons	
  
–  Examples:	
  Codec,	
  DRM,	
  language,	
  resolu3on,	
  bandwidth	
  

•  Access	
  and	
  Timing	
  Informa3on	
  
–  HTTP-­‐URL(s)	
  and	
  byte	
  range	
  for	
  each	
  accessible	
  Segment	
  
–  Earliest	
  next	
  update	
  of	
  the	
  MPD	
  on	
  the	
  server	
  
–  Segment	
  availability	
  start	
  and	
  end	
  3me	
  in	
  wall-­‐clock	
  3me	
  
–  Approximated	
  media	
  start	
  3me	
  and	
  dura3on	
  of	
  a	
  Media	
  Segment	
  in	
  

the	
  media	
  presenta3on	
  3meline	
  
–  For	
  live	
  service,	
  instruc3ons	
  on	
  star3ng	
  playout	
  such	
  that	
  media	
  

segments	
  will	
  be	
  available	
  in	
  3me	
  for	
  smooth	
  playout	
  in	
  the	
  future	
  
•  Switching	
  and	
  splicing	
  rela3onships	
  across	
  Representa3ons	
  
•  Rela3vely	
  li[le	
  other	
  informa3on	
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MPD	
  Schema	
  Overview	
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MPD	
  Schema	
  -­‐	
  Representa3on	
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DASH	
  Adapta3onSets	
  &	
  Subsets	
  
Adapta3onSet	
  by	
  codec,	
  language,	
  resolu3on,	
  
bandwidth,	
  views,	
  etc.	
  –	
  very	
  flexible	
  (in	
  combina3on	
  
with	
  xlink)!	
  
§  Ranges	
  for	
  the	
  @bandwidth,	
  @width,	
  @height	
  and	
  

@frameRate	
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Adapta#onSet	
  id="grp-­‐1"	
  
Representa#on	
  id="rep-­‐1"	
  

.	
  .	
  .	
  
Representa#on	
  id="rep-­‐2"	
  

Representa#on	
  id="rep-­‐n"	
  

Adapta#onSet	
  id="grp-­‐2"	
  
Representa#on	
  id="rep-­‐1"	
  

.	
  .	
  .	
  
Representa#on	
  id="rep-­‐2"	
  

Representa#on	
  id="rep-­‐n"	
  

.	
  .	
  .	
  
Adapta#onSet	
  id="grp-­‐m"	
  

Representa#on	
  id="rep-­‐1"	
  

.	
  .	
  .	
  
Representa#on	
  id="rep-­‐2"	
  

Representa#on	
  id="rep-­‐n"	
  

Subset	
  id="ss-­‐1"	
  
Contains	
  group="grp-­‐1"	
  

Contains	
  group="grp-­‐4"	
  

Contains	
  group="grp-­‐7"	
  

Subsets	
  
§  Mechanism	
  to	
  restrict	
  the	
  combina3on	
  of	
  

ac#ve	
  Groups	
  
§  Expresses	
  the	
  inten3on	
  of	
  the	
  creator	
  of	
  the	
  

Media	
  Presenta3on	
  	
  



Segment	
  Indexing	
  
•  Provides	
  binary	
  informa3on	
  in	
  ISO	
  box	
  structure	
  on	
  

–  Accessible	
  units	
  of	
  data	
  in	
  a	
  media	
  segment	
  
–  Each	
  unit	
  is	
  described	
  by	
  

•  Byte	
  range	
  in	
  the	
  segments	
  (easy	
  access	
  through	
  HTTP	
  par3al	
  GET)	
  
•  Accurate	
  presenta3on	
  dura3on	
  (seamless	
  switching)	
  
•  Presence	
  of	
  representa3on	
  access	
  posi3ons,	
  e.g.	
  IDR	
  frames	
  

•  Provides	
  a	
  compact	
  bitrate-­‐over-­‐3me	
  profile	
  to	
  client	
  
–  Can	
  be	
  used	
  for	
  intelligent	
  request	
  scheduling	
  

•  Generic	
  Data	
  Structure	
  usable	
  for	
  any	
  media	
  segment	
  
format,	
  e.g.	
  ISO	
  BMFF,	
  MPEG-­‐2	
  TS,	
  etc.	
  

•  Hierarchical	
  structuring	
  for	
  efficient	
  access	
  
•  May	
  be	
  combined	
  with	
  media	
  segment	
  or	
  may	
  be	
  separate	
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Segment	
  Indexing	
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Segment	
  Index	
  in	
  MPD	
  only	
  

Segment	
  Index	
  in	
  MPD	
  +	
  Segment	
  	
  

Segment	
  Index	
  in	
  Segment	
  only	
  	
  

<MPD> 
  ... 
  <URL sourceURL="seg1.mp4"/> 
  <URL sourceURL="seg2.mp4"/> 
</MPD> 

seg1.mp4 

seg2.mp4 

... 

<MPD> 
  ... 
  <URL sourceURL="seg.mp4" range="0-499"/> 
  <URL sourceURL="seg.mp4" range="500-999"/> 
</MPD> 

seg.mp4 

<MPD> 
  ... 
  <Index sourceURL=”sidx.mp4"/> 
  <URL sourceURL="seg.mp4"/> 
</MPD> seg.mp4 

sidx
.mp4 

<MPD> 
  ... 
  <BaseURL>seg.mp4</BaseURL> 
</MPD> 

seg.mp4 sidx 



Switch	
  Point	
  Alignment	
  
•  Segment	
  alignment	
  

–  Permits	
  non-­‐overlapping	
  decoding	
  and	
  presenta3on	
  of	
  segments	
  from	
  
different	
  representa3ons	
  

•  Stream	
  Access	
  Points	
  (SAPs)	
  
–  Presenta3on	
  3me	
  and	
  posi3on	
  in	
  segments	
  at	
  which	
  random	
  access	
  and	
  

switching	
  can	
  occur	
  
•  Bitstream	
  Switching	
  

–  Concatena3on	
  of	
  segments	
  from	
  different	
  representa3ons	
  results	
  in	
  
conforming	
  bitstream	
  

•  Alignment	
  and	
  SAPs	
  can	
  
also	
  apply	
  for	
  subsegments	
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•  Preferable	
  switching	
  points	
  
are	
  segment/subsegment	
  
boundaries	
  for	
  which	
  
–  Alignment	
  holds	
  across	
  

representa3ons	
  
–  The	
  switch-­‐to	
  

representa3on	
  starts	
  with	
  
a	
  SAP	
  



Profiles	
  
•  Subset	
  (restric3ons)	
  of	
  the	
  func3onality	
  
•  Target	
  specific	
  applica3ons/domains	
  
•  As	
  of	
  now,	
  mainly	
  related	
  to	
  supported	
  segment	
  
formats	
  

•  More	
  restric3ons	
  may	
  be	
  added	
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Full	
  Profile	
  

MPEG-­‐2	
  
TS	
  Main	
  

MPEG-­‐2	
  
TS	
  Simple	
  

ISOBMFF	
  Main	
  

ISOBMFF	
  
On	
  Demand	
  

ISOBMFF	
  
Live	
  

Ack:	
  Thomas	
  Stockhammer	
  



Adap3ve	
  Streaming	
  Summary	
  
•  For	
  on	
  demand	
  

–  Chunks	
  are	
  unnecessary	
  and	
  costly	
  
–  Byte	
  range	
  requests	
  have	
  caching	
  and	
  

flexibility	
  advantages	
  
–  Separate	
  audio/video	
  essen3al	
  for	
  

language	
  support	
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•  For	
  live	
  
–  Chunks	
  are	
  unavoidable	
  
–  S3ll	
  value	
  in	
  decoupling	
  request	
  size	
  

from	
  chunk	
  size	
  
–  Mul3ple	
  language	
  audio	
  tracks	
  are	
  rare	
  
–  May	
  need	
  manifest	
  updates	
  

•  For	
  both	
  
–  Switch	
  point	
  alignment	
  required	
  for	
  most	
  CE	
  decoding	
  pipelines	
  



Adapta3on	
  Problem	
  

Choose	
  sequence	
  and	
  3ming	
  of	
  requests	
  to	
  minimize	
  
probability	
  of	
  re-­‐buffers	
  and	
  maximize	
  quality	
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Poten3al	
  Future	
  Work	
  Items	
  
•  MMSys’11	
  Keynote	
  

–  HTTP	
  Adap3ve	
  Streaming	
  in	
  Prac3ce	
  by	
  Mark	
  Watson	
  (Neqlix)	
  
–  Future	
  work	
  

•  Good	
  models	
  for	
  future	
  bandwidth	
  
•  Tractable	
  representa3ons	
  of	
  future	
  choices	
  -­‐	
  how	
  to	
  efficiently	
  search	
  
the	
  'choice	
  space'	
  

•  What	
  are	
  the	
  quality	
  goals?	
  
•  Call	
  for	
  adapta3on	
  logics	
  

–  Efficient	
  implementa3ons	
  of	
  the	
  actual	
  adapta3on	
  logic	
  which	
  is	
  
responsible	
  for	
  the	
  dynamic	
  and	
  adap3ve	
  part	
  of	
  DASH	
  

•  Get	
  it	
  deployed	
  and	
  adopted	
  (e.g.	
  W3C,	
  DVB	
  –	
  what	
  is	
  
necessary?)	
  

•  Join	
  this	
  ac3vity,	
  everyone	
  is	
  invited	
  –	
  get	
  involved	
  in	
  and	
  
exited	
  about	
  DASH!	
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DASH	
  “Encoder”,	
  Dataset,	
  and	
  Players	
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DASH@GPAC: MP4Box & MP42TS 

¢  Multimedia Packagers 
•  MPEG-2 TS for DASH profiles 
•  ISOBMFF Packager & Analyser 

¢  DASH Segmenter 
•  ISOBMFF and M2TS segments  

-  All DASH profiles supported 
-  URL-template naming scheme 

•  Segment indexing (SIDX) 
•  GOP-align segments or fragments (MediaSourceExtension) 
•  Automatic AdaptationSet selection  

-  Media type, codec, language, PAR 
-  Handle groups (same media but not switchable) 

¢  DASH live simulator 
-  Manages MPD update and timeline continuity 

http://gpac.sourceforge.net jean.lefeuvre@telecom-paristech.fr 



DASHEncoder	
  

•  DASH	
  Content	
  Genera3on	
  Tool	
  
– Encoding	
  +	
  Mul3plexing	
  +	
  MPD	
  genera3on	
  
– Generates	
  isoffmain	
  profile	
  compliant	
  MPDs	
  
– Fully	
  configurable	
  using	
  a	
  config-­‐file	
  
– Enables	
  batch	
  processing	
  
– Currently	
  uses	
  x264	
  and	
  GPAC‘s	
  MP4Box	
  
– Easy	
  extensible	
  to	
  further	
  encoders	
  &	
  mul3plexers	
  
– h[p://dash.itec.aau.at/	
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DASHEncoder	
  

Encode	
  

• h.264:	
   	
  x264	
  /	
  ffmpeg	
  
• AAC: 	
   	
  ffmpeg	
  
•  [WebM,	
  etc.]	
  

Container	
  

• MP4Box: 	
  Video	
  /	
  Audio	
  /	
  Video	
  +	
  Audio	
  
•  [e.g.	
  WebM/MKV	
  Segmenter]	
  

MPD	
  

•  Generate	
  one	
  MPD	
  
•  Subfolder	
  Organiza3on	
  
•  MPD	
  Transforma3on	
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Dataset	
  

•  Dataset	
  with	
  DASH	
  Content	
  
–  Long	
  sequences	
  in	
  high	
  quality	
  
–  Various	
  segment-­‐length	
  versions	
  
–  Free	
  available	
  for	
  DASH	
  experiments	
  	
  
–  PSNR	
  values	
  per	
  frame	
  

•  Problem:	
  Content	
  Rights	
  
–  CC-­‐A[ribu3on	
  2.0	
  Generic	
  (CC-­‐BY	
  2.0)	
  License	
  or	
  similar	
  	
  
–  Free	
  to	
  Share,	
  Free	
  to	
  Remix	
  
–  Note:	
  YouTube	
  introduces	
  CC-­‐BY	
  in	
  June	
  2011!	
  

•  Nego#a#on	
  with	
  content	
  owner	
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Dataset	
  Sequences	
  

Name Source	
  Quality Length Genre 

Big	
  Buck	
  Bunny	
   1080p	
  YUV 09:46 Anima3on	
  	
  

Elephants	
  Dream	
   1080p	
  YUV 10:54 Anima3on	
  

Red	
  Bull	
  Playstreets 1080p,	
  6	
  Mbit	
  H.264	
   01:37:28 Sport	
  

The	
  Swiss	
  Account	
   1080p,	
  6	
  Mbit	
  H.264 57:34 Sport	
  

Valkaama 1080p,	
  6	
  Mbit	
  H.264	
   01:33:05 Movie	
  

Of	
  Forest	
  and	
  Men SD 10:53 Movie	
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DASH	
  Dataset	
  Sequences	
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Bitrates	
  and	
  Resolu3ons	
  
# Anima#on Sport Movie 
1 50	
  kbit/s,	
  	
  320x240 100	
  kbit/s,	
  	
  320x240 50	
  kbit/s,	
  320x240 
2 100	
  kbit/s,	
  	
  320x240 150	
  kbit/s,	
  	
  320x240 100	
  kbit/s,	
  320x240 
3 150	
  kbit/s,	
  	
  320x240 200	
  kbit/s,	
  	
  480x360 150	
  kbit/s,	
  	
  320x240 
4 200	
  kbit/s,	
  	
  480x360 250	
  kbit/s,	
  	
  480x360 200	
  kbit/s,	
  	
  480x360 
5 250	
  kbit/s,	
  	
  480x360 300	
  kbit/s,	
  	
  480x360 250	
  kbit/s,	
  	
  480x360 
6 300	
  kbit/s,	
  	
  480x360 400	
  kbit/s,	
  	
  480x360 300	
  kbit/s,	
  	
  480x360 
7 400	
  kbit/s,	
  	
  480x360 500	
  kbit/s,	
  	
  854x480 400	
  kbit/s,	
  	
  480x360 
8 500	
  kbit/s,	
  	
  480x360 700	
  kbit/s,	
  	
  854x480 500	
  kbit/s,	
  	
  854x480 
9 600	
  kbit/s,	
  	
  854x480	
   900	
  kbit/s,	
  	
  854x480 600	
  kbit/s,	
  	
  854x480 
10 700	
  kbit/s,	
  	
  854x480	
   1,2	
  Mbit/s,	
  	
  854x480 700	
  kbit/s,	
  	
  854x480 
11 900	
  kbit/s,1280x720	
   1,5	
  Mbit/s,1280x720 900	
  kbit/s,1280x720 
12 1,2	
  Mbit/s,1280x720	
   2,0	
  Mbit/s,1280x720 1,2	
  Mbit/s,1280x720 
13 1,5	
  Mbit/s,1280x720	
   2,5	
  Mbit/s,1280x720 1,5	
  Mbit/s,1280x720 
14 2,0	
  Mbit/s,1280x720	
   3,0	
  Mbit/s,1920x1080 2,0	
  Mbit/s,1920x1080 
15 2,5	
  Mbit/s,1920x1080	
   4,0	
  Mbit/s,1920x1080 2,5	
  Mbit/s,1920x1080 
16 3,0	
  Mbit/s,1920x1080	
   5,0	
  Mbit/s,1920x1080 3,0	
  Mbit/s,1920x1080 
17 4,0	
  Mbit/s,1920x1080 6,0	
  Mbit/s,1920x1080 4,0	
  Mbit/s,1920x1080 
18 5,0	
  Mbit/s,1920x1080 	
   5,0	
  Mbit/s,1920x1080 
19 6,0	
  Mbit/s,1920x1080 	
   6,0	
  Mbit/s,1920x1080 
20 8,0	
  Mbit/s,1920x1080 	
   	
   

Oct	
  29,	
  2012	
   DASH	
  Tutorial,	
  ACM	
  Mul3media	
  2012	
   32	
  



DASH	
  Content	
  Types	
  

•  Segment	
  Size:	
  
– Seconds:	
  1,	
  2,	
  4,	
  6,	
  10,	
  15	
  

•  File	
  Organiza#on	
  
– Segmented	
  
– One	
  file	
  per	
  representa3on,	
  Byte	
  Range	
  Requests	
  

•  e.g.:	
  Big	
  Buck	
  Bunny	
  
–  	
  120	
  Encodings	
  needed	
  
– Only	
  6	
  DASH	
  Encoder	
  runs	
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¢  Integrated in Osmo4 
•  Many input formats and 

codecs 
•  Composition engine 

(SVG, BIFS, X3D) 
¢  Try it! 
•  Included in libgpac 
•  Independent from player 

¢  DASHClient 
•  DASH ISOBMFF, M2TS (+ HLS) 

-  With or without bitstreamSwitching 
-  Support for multiple Periods 
•  All profiles except onDemand 

(ongoing) 
-  VoD through « live » or « main » 
•  Local files and http(s) playback 
•  Various download policies 

DASH@GPAC: Playback 

GPAC DASH  
Playback MPD 

Media 
Segments 

Bring Your Own 
DASH APP !! 

http://gpac.sourceforge.net jean.lefeuvre@telecom-paristech.fr 



DASH	
  VLC	
  Plugin	
  Architecture	
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•  Four	
  major	
  
components	
  and	
  
two	
  controller	
  
classes	
  

•  Easy	
  Adapta3on	
  
Logic	
  Interface	
  for	
  
Researchers	
  and	
  
Developers	
  

•  Flexible	
  HTTP	
  
structure	
  for	
  further	
  
improvements	
  e.g.	
  
persistent	
  
connec3ons	
   h[p://dash.itec.aau.at/	
  



DASH	
  VLC	
  Plugin	
  Features	
  

•  Officially	
  part	
  of	
  VLC	
  and	
  as	
  library	
  (libdash)	
  
•  Provides	
  a	
  simple	
  interface	
  to	
  integrate	
  new	
  
Adapta3on	
  Logics	
  

•  Dynamic	
  adapta3on	
  to	
  the	
  available	
  bandwidth	
  
•  Flexible	
  for	
  further	
  improvements,	
  e.g.,	
  profiles,	
  
persistent	
  connec3ons	
  and	
  pipelining	
  

•  Source	
  code	
  is	
  available	
  through	
  the	
  VLC	
  git	
  
repository	
  and	
  at:	
  

h[p://www-­‐itec.aau.at/dash	
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VLC	
  Architecture	
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•  Interface:	
  User	
  
interac3on	
  e.g.	
  stop,	
  play	
  
etc.	
  

•  Access:	
  HTTP,	
  RTP	
  etc.	
  
•  Stream-­‐Filter:	
  Recording,	
  
Dynamic	
  Streaming	
  

•  Demux:	
  MP4,	
  M2TS,	
  
MKV	
  

•  Decoder:	
  H264,	
  VP8	
  etc.	
  



DASH	
  in	
  JavaScript	
  (DASH-­‐JS)	
  

•  Completely	
  implemented	
  in	
  JavaScript	
  –	
  no	
  
(3rd	
  party)	
  plugins	
  required	
  

•  Makes	
  use	
  of	
  the	
  Media	
  Source	
  API	
  provided	
  
by	
  Google	
  Chrome	
  
– Support	
  for	
  WebM	
  and	
  ISOBMFF	
  

•  Provides	
  3me	
  based	
  and	
  byte	
  based	
  buffers	
  
– E.g.,	
  use	
  as	
  input	
  for	
  adapta3on	
  logics	
  

•  Flexible	
  adapta3on	
  logics	
  
– Easy	
  to	
  extend	
  exis3ng	
  ones	
  or	
  integrate	
  your	
  
own	
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DASH-­‐JS	
  Architecture	
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DASH-­‐JS	
  (cont’d)	
  
•  Bandwidth	
  /	
  throughput	
  es3ma3on	
  

–  …	
  is	
  done	
  each	
  3me	
  a	
  segment	
  is	
  retrieved	
  
–  At	
  the	
  beginning	
  the	
  MPD	
  is	
  used	
  to	
  have	
  an	
  educated	
  guess	
  on	
  the	
  

bandwidth	
  
–  To	
  bypass	
  proxy	
  caching	
  “no-­‐cache”	
  is	
  set	
  in	
  the	
  HTTP	
  Request	
  Header	
  

(will	
  influence	
  the	
  throughput	
  es3ma3on)	
  
•  Representa3on	
  selec3on	
  is	
  based	
  on:	
  

–  bn-­‐1	
  denotes	
  the	
  throughput	
  calculated	
  at	
  the	
  n-­‐1th	
  segment	
  
–  bm	
  depicts	
  the	
  throughput	
  measured	
  with	
  the	
  nth	
  segment	
  
–  bn	
  is	
  used	
  to	
  decide	
  which	
  representa3on	
  should	
  be	
  selected	
  
–  The	
  weights	
  (w1	
  and	
  w2)	
  are	
  used	
  to	
  mimic	
  op3mis3c	
  or	
  pessimis3c	
  

behavior	
  
•  Simple	
  adapta3on	
  logic,	
  easy	
  to	
  extend,	
  modify…	
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Showcases	
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•  Sintel	
  Trailer	
  @	
  480p	
  
–  5	
  representa3on	
  from	
  200	
  kbps	
  to	
  2000	
  kbps	
  video	
  bitrate	
  
–  128	
  kbps	
  audio	
  for	
  all	
  representa3ons	
  
–  Showcase:	
  h[p://www-­‐itec.uni-­‐klu.ac.at/dash/js/dashtest.html	
  	
  
–  MPD:	
  h[p://www-­‐itec.uni-­‐klu.ac.at/dash/js/content/sintel_mul3_rep.mpd	
  

•  Big	
  Buck	
  Bunny	
  @	
  480p	
  
–  7	
  representa3ons	
  from	
  200	
  kbps	
  to	
  4700	
  kbps	
  video	
  bitrate	
  
–  128	
  kbps	
  audio	
  for	
  all	
  representa3ons	
  
–  Showcase:	
  h[p://www-­‐itec.uni-­‐klu.ac.at/dash/js/dashtest-­‐bunny.html	
  	
  
–  MPD:	
  h[p://www-­‐itec.uni-­‐klu.ac.at/dash/js/content/bigbuckbunny.mpd	
  

•  Big	
  Buck	
  Bunny	
  @	
  1080p	
  
–  7	
  representa3ons	
  from	
  1000	
  kbps	
  to	
  8000	
  kbps	
  
–  128	
  kbps	
  audio	
  for	
  all	
  representa3ons	
  
–  Showcase:	
  h[p://www-­‐itec.uni-­‐klu.ac.at/dash/js/dashtest-­‐bunny1080p.html	
  	
  
–  MPD:	
  h[p://www-­‐itec.uni-­‐klu.ac.at/dash/js/content/bigbuckbunny_1080p.mpd	
  



Conclusions	
  
•  End-­‐to-­‐end	
  DASH	
  tools	
  available	
  

–  GPAC	
  provides	
  support	
  for	
  ISOBMFF,	
  M2TS,	
  and	
  beyond	
  
–  DASH	
  VLC	
  plugin	
  and	
  libdash	
  (world	
  first	
  DASH	
  player)	
  
–  DASH-­‐JS	
  for	
  easy	
  Web	
  integra3on	
  (HTML5,	
  Javascript)	
  

•  Flexible	
  architecture,	
  easy	
  to	
  extend,	
  e.g.:	
  
–  Add	
  your	
  own	
  profile	
  (!!!)	
  
–  Add	
  your	
  own	
  buffer	
  model	
  
–  Add	
  your	
  own	
  bandwidth	
  es3ma3on,	
  adapta3on	
  logic	
  

•  Open	
  source:	
  h[p://dash.itec.aau.at	
  |	
  
h[p://gpac.sourceforge.net	
  
–  Feel	
  free	
  to	
  use	
  it,	
  please	
  acknowledge/reference	
  us	
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Methodology	
  
•  Experiment	
  1	
  /	
  Track	
  1	
  (601	
  seconds)	
  

–  Drive	
  on	
  the	
  freeway	
  A2,	
  passing	
  by	
  the	
  city	
  of	
  Villach	
  in	
  the	
  direc3on	
  to	
  
Klagenfurt.	
  

•  Experiment	
  2	
  /	
  Track	
  2	
  (575	
  seconds)	
  
–  From	
  the	
  Alpen-­‐Adria-­‐Universität	
  Klagenfurt	
  on	
  the	
  freeway	
  A2	
  un3l	
  the	
  

service	
  area	
  around	
  Techelsberg.	
  
•  Experiment	
  3	
  /	
  Track	
  3	
  (599	
  seconds)	
  

–  From	
  the	
  service	
  area	
  around	
  Techelsberg	
  on	
  the	
  freeway	
  A2	
  to	
  the	
  exit	
  of	
  
Klagenfurt.	
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Metrics	
  

•  Average	
  bitrate	
  
– Overall	
  performance	
  for	
  the	
  en3re	
  session	
  

•  Number	
  of	
  quality	
  switches	
  
– Different	
  representa3on	
  due	
  available	
  bandwidth	
  

•  Buffer	
  level	
  
– Es3mated	
  with	
  download	
  3mestamp	
  (DTS)	
  and	
  
presenta3on	
  3mestamp	
  (PTS)	
  

•  Number	
  of	
  unsmooth	
  seconds	
  
– Buffer	
  empty	
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Experimental	
  Setup	
  
•  Bandwidth	
  Shaping	
  

–  Ubuntu	
  11.04	
  w/	
  Linux	
  hierarchical	
  token	
  bucket	
  (htb)	
  
–  Available	
  bandwidth	
  will	
  be	
  adjusted	
  every	
  2s	
  due	
  to	
  the	
  recorded	
  

traces	
  and	
  2s	
  segment	
  length	
  
•  Network	
  Emula3on	
  

–  Emulates	
  a	
  round	
  trip	
  3me	
  of	
  150ms	
  
•  HTTP	
  Server	
  

–  Server	
  based	
  on	
  Windows	
  Server	
  2008	
  and	
  IIS	
  /	
  Ubuntu	
  11.04	
  and	
  
Apache	
  Web	
  Server	
  

•  Evalua3on	
  Client	
  
–  Windows	
  or	
  Linux	
  depending	
  on	
  the	
  evalua3on	
  system	
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Dataset	
  

•  All	
  experiments	
  have	
  been	
  performed	
  with	
  
the	
  same	
  content	
  based	
  on	
  [Lederer2012]	
  

•  The	
  content	
  has	
  been	
  encoded	
  with	
  x264	
  
•  14	
  different	
  bitrates	
  from	
  100kbps	
  to	
  
4500kbps	
  

•  Segments	
  with	
  a	
  length	
  of	
  2	
  seconds	
  
– Restricted	
  by	
  Microsos	
  Smooth	
  Streaming	
  

•  That	
  content	
  has	
  been	
  used	
  for	
  all	
  three	
  
scenarios	
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Microsos	
  Smooth	
  Streaming	
  

•  Client	
  based	
  on	
  Windows	
  7,	
  Microsos	
  
Silverlight	
  and	
  Firefox	
  7	
  

•  Server	
  based	
  on	
  Windows	
  Server	
  2008	
  and	
  IIS	
  
with	
  Media	
  Services	
  4.0	
  

•  Content	
  has	
  been	
  mul3plexed	
  with	
  IIS	
  
Transform	
  Manager	
  1.0	
  Beta	
  

•  PTS	
  has	
  been	
  taken	
  from	
  the	
  request	
  URL	
  
•  DTS	
  comes	
  from	
  the	
  bandwidth	
  emula3on	
  
node	
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Microsos	
  Smooth	
  Streaming	
  (cont’d)	
  

•  Few	
  switches	
  with	
  a	
  good	
  average	
  bitrate	
  
•  Nevertheless	
  close	
  to	
  unsmoothness	
  at	
  second	
  300	
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Adobe	
  Dynamic	
  HTTP	
  Streaming	
  

•  Client	
  is	
  based	
  on	
  Ubuntu	
  11.04,	
  Firefox	
  7	
  and	
  
the	
  Open	
  Source	
  Media	
  Framework	
  player	
  

•  The	
  server	
  component	
  hosts	
  the	
  Flash	
  Media	
  
Server	
  in	
  development	
  edi3on	
  

•  The	
  content	
  has	
  been	
  generated	
  with	
  the	
  
Adobe	
  File	
  Packager	
  for	
  Adobe	
  Dynamic	
  
Streaming	
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Adobe	
  Dynamic	
  HTTP	
  Streaming	
  (cont’d)	
  

•  High	
  number	
  of	
  unsmooth	
  seconds	
  
•  Rather	
  binary	
  and	
  unpredictable	
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Apple	
  HTTP	
  Live	
  Streaming	
  

•  Client	
  is	
  based	
  on	
  Mac	
  OS	
  X	
  Snow	
  Leopard	
  
10.6	
  and	
  Safari	
  5	
  

•  Content	
  has	
  been	
  generated	
  with	
  Microsos	
  
Transform	
  Manager	
  
– Transmul3plexing	
  of	
  mp4	
  to	
  MPEG-­‐2	
  TS	
  
– Chops	
  the	
  transport	
  stream	
  into	
  segments	
  of	
  2	
  
seconds	
  length	
  

•  The	
  only	
  system	
  that	
  uses	
  MPEG-­‐2	
  TS	
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Apple	
  HTTP	
  Live	
  Streaming	
  (cont’d)	
  

•  Very	
  few	
  switches	
  with	
  a	
  lower	
  bitrate	
  
•  Large	
  buffer	
  for	
  energy	
  awareness	
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Our	
  MPEG-­‐DASH	
  Implementa3on	
  

•  Client:	
  DASH	
  VLC	
  Plugin	
  [Mueller2011]	
  on	
  
Ubuntu	
  11.04	
  	
  

•  Server:	
  Ubuntu	
  11.04	
  which	
  hosts	
  an	
  Apache	
  
Web	
  server	
  

•  Content	
  based	
  on	
  DASH	
  dataset	
  generated	
  
with	
  DASHEncoder	
  

•  Simple	
  (naïve)	
  adapta3on	
  logic	
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Our	
  MPEG-­‐DASH	
  Implementa3on	
  (cont’d)	
  

•  Non	
  stepwise	
  switching	
  	
  
•  Good	
  average	
  bitrate	
  and	
  stable	
  buffer	
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MPEG-­‐DASH	
  AVC	
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MPEG-­‐DASH	
  SVC	
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Summary	
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Name	
   Average	
  Bitrate	
  
[kbps]	
  

Average	
  Switches	
  
[Number	
  of	
  Switches]	
  

Average	
  Unsmoothness	
  
[Seconds]	
  

Microsos	
   1522	
   51	
   0	
  

Adobe	
   1239	
   97	
   64	
  

Apple	
   1162	
   7	
   0	
  

MPEG-­‐DASH	
  
Naïve*	
   1045	
   141	
   0	
  

MPEG-­‐DASH	
  
Pipelined*	
   1464	
   166	
   0	
  

MPEG-­‐DASH	
  
AVC**	
   2341	
   81	
   0	
  

MPEG-­‐DASH	
  
SVC**	
   2738	
   101	
   0	
  

*	
  …	
  MoVid/MMSys,	
  February	
  2012	
  
**	
  …	
  EUSIPCO,	
  August	
  2012	
  



Conclusions	
  
•  Microsos	
  Smooth	
  Streaming	
  

–  Performs	
  very	
  well	
  w.r.t.	
  average	
  bitrate	
  
–  Yes,	
  deserves	
  the	
  name	
  smooth	
  streaming	
  

•  Apple	
  HLS	
  
–  Less	
  quality	
  switches	
  due	
  to	
  large	
  buffer	
  
–  Designed	
  for	
  mobile	
  devices,	
  energy	
  awareness	
  

•  Adobe	
  HDS	
  
–  Binary	
  decision	
  between	
  the	
  highest	
  and	
  the	
  lowest	
  representa3on	
  
–  Stalls,	
  re-­‐buffering	
  =>	
  low	
  QoE	
  	
  

•  Our	
  MPEG-­‐DASH	
  implementa3on	
  
–  Achieves	
  a	
  good/superior	
  average	
  bitrate	
  
–  In	
  striking	
  distance	
  to	
  the	
  top,	
  space	
  for	
  improvements	
  though	
  (e.g.,	
  buffer	
  

management)	
  
•  Disclaimer:	
  comparison	
  of	
  specific	
  client	
  implementa3ons,	
  not	
  formats	
  

(manifest/segment),	
  not	
  technology	
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DASH	
  @	
  AAU/ITEC	
  
h[p://dash.itec.aau.at/	
  
	
  
DASH	
  VLC	
  Plugin	
  
	
  
DASHEncoder	
  
	
  
libdash	
  
	
  
Dataset	
  
	
  
DASH-­‐JS	
  
	
  
Join	
  this	
  ac3vity,	
  everyone	
  
is	
  invited	
  –	
  get	
  involved	
  in	
  
and	
  exited	
  about	
  DASH!	
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