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Live Video Streaming over Named Data Networking

Derek Kulinski, Jeff Burke, Alex Horn, Alessandro Marianantoni, Lixia Zhang
Center for Research in Engineering, Media and Performance; Internet Research Lab
University of California, Los Angeles (UCLA)

Introduction: Scalable Random Access Multi-Bitrate Video Streami
Design Goals
*  NDN-based live and pre-recorded video streaming, using Interest / Data exchange

*  Quality consistent with current internet video expectations

«  Passive consumer, enabling scaling through NDN caches

«  Simple, low-latency random access to keyframes using a time-code based namespace

*  On-the-fly archival of live streams; identical playback approach for pre-recorded video
«  Content verification and provenance using NDN per-packet signatures

«  Rate-adaptive playback via consumer selection of namespace

Osaka from Los Angeles-based publisher.

Application Architecture and Namespace Design

*  Publisher
— Encodes data objects and inserts them into a local repository
— Tracks and encodings are expressed in the namespace
— Timecode-based namespace for random access seeks; segment-based namespace for streaming
. P]a,er
Passive approach leverages in-network caches.
— For live streaming, the player attempts to find latest frame using successive ‘rightmost child’
queries in the timecode namespace.
—  For random-access playout, issues an Interest in timecode namespace to locate the keyframe, then

plays from corresponding segement namespace. Figure 2. NDNVideo namespace, providing multiple encoding rates and both time and segment-based data access.

Implementation Testbed Publishing
. ¢ ) Table 1. Live NDNVideo Streams:
NDNVideo Feb 2012 — July 2013, Ongoing Bttt
e . . [HOST NDNVideo URL
—  GStreamer used for encoding & decoding (H.264, mp3) _ Six HD webcam streams on testbed ["ndnucla 7ndn]ucla.odu/apps/video]

— Uses PyCCN for NDN

— Player uses PyGTK & Gstreaming, OSX & Linux
—  Arbitrary number of resolutions and bitrates

- github.com/named-data/ndnvideo

‘ndnillinuis /ndn/uiuc.edu/
s d

his.edu/netlab

— Acquired frames are pushed into repository

— Repositories reset nightly (ccnr can’t yet delete) | ndncaida /ndn/caida.org/apps/video
P et menty ( B ¥ ) | Simasizons /ndn /arizona.edu/apps /video
— Streams are online at URIs in Table 1 | ndnumd /ndn/memphis.edu/netlab/apps/umdvideo

¢ March 2012 - GENI in LA

Patrick Crowley’s presentation at GENI 2012 in Los Angeles

—  IMbit/sec H.264 SD stream of live performance from UCLA TV Studio #1

— Map-based web app reporting real-time link utilization on the NDN testbed
in a clear and intuitive way.

— Showed that scaling the client count didnot increase load at the server.

. May 2013 — China-America Frontiers of Engineering Symposium

Patrick Crowley’s presentation at NAE Symposium May 2013, Beijing

—  IMbit/sec H.264 SD video of live performance from UCLA TV Studio #1

— Remote HD web cameras on NDN testbed, including CAIDA and UCLA

— NDN Control of studio lights via web browser in Beijing using NDN-JS

— Approx. 70 clients connecting to 15 NDN gateways

—  Scaled to approx. 1000 consumers spread acr

—  NDN performs as expected — aggregating reques
switching in the face of link failure

5 continents using Amazon EC2

nd providing multi-path route

— Presentation at www.naefrontiers.org/File.aspx?1d=39296

re 3. Publisher block diagram.

« Live and pre-recorded streaming via NDN Video * Video conferencing
— Re-implementation in C and GStreamer 1.0 for performance New work: NDN as transport for WebRTC, allowing in-browser
— Client-side synchronization of multiple streams via time-code namespace many-to-many videoconferencing
—  Layer 2 transport using NDNLP — tested in Spring 2013 Implemented as Firefox add-in that provides Javascript API for

olution i . application-building
— Resolution improvements ) e il on that 1 from NDNVi
—  HD live capture now supported E e:n-s ate mtnp lementation that efm;s ‘rom ideo ek
— 4K tests under development efinement of interest / content pipelining, peer-to-peer routing

. . . . L forwarding
— Collaboration with Panasonic Research on bandwidth adaptivity and 4K Currently being developed, expected alpha Fall 2013
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