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Unicast vs. Multicast One-to-Many

Unicast one-to-many

Multicast one-to-many
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Source-specific Multicast

Source Specific Multicast
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Feasible One-to-Many Multicast Service
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End-to-end Quality of Service for

//Media Compression

Video CODEC:
JPEG, MPEG, H.263/261

\

\

[/Media Synchronization

Reconstruct temporal
relationship (timing
dependency) between
media objects.

Synchronization:
Intra-media, Inter-media,

Quality
of
Service

Media Streaming

~

//Reliability

\

Mandatory to guarantee
QosS.

K Inter-client, Inter-object j

)

Error Control:

ARQ, FEC, Hybrid ARQ/FEC
Congestion Control:
TCP-friendly Rate Control

\

/ﬁl‘ ransport Protocol

Transport Protocol:
UDP, TCP, RTP/RTCP,
RTSP

//Application Adaptation

\

Adjust required degree of
service quality to network
fluctuation and system
dynamic.

Application Adaptation:
Delay, Delay jitter, Loss
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\ Playout Control

concealment using Adaptive
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Adaptive Playout
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Problem Scope & Approach

Congestion
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Flow/Rate Error Control
Control
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Error Control
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SSM-enabled IP
Network
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Inter-client
synchronization

Server-client coordination of network adaptation
tools (e.g., adaptive playout and error control)

(A NeTworked Meoi for enhanced streaming
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Proposed Approach - How to

Server-client Coordinate
§ign|i g

Inter-client
Synchronization

Group Synchronization

Time-scale IH ffer Ocupa .
odification of Audic !I !! &
Playout Speed >Pe Ariaticy :
riation of Video Adaptive Playout Control

Local Adaptation

ccumulated NACKs

Retransmission-based
Err0|L Recovery

Source Specific Multicast

Error Recovery
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Proposed Approach - Framework

Roles of Server

Group coordination
Feedback suppression
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Target of Adaptive Playout Control

Local Adaptation
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Server-aid Inter-client Synchronization

Server-client signaling for inter-client synchronization
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Server-aid Inter-client Synchronization
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Error Recovery

Accumulated NACK-based Error Recovery

Multicast
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Error Recovery

mulated NACK

Packet format of acc

Cc

Main mechanism for accumulated NACK

-
Accumulation time

min[(1+A ) b'(t)—by, A" (1)]

where, by Sb' ()< by + A'(2)

(1+A4,)

The player should slow down
Its playout speed for 4./A, ms.
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Playout coordination

Coordination

/ Four States

NORMAL

Group synchronization

RISK
High risk of buffer
underflow or overflow
ARQ

The aid of adaptive
playout control is
required to request
retransmission

SYNC

Clients receive a
synchronization
message

Set Ts as
A reference
point

Client adaptation

b(t) < b,ORB() > b,

| ARQ |
RISK RISK
0 b, b, b, b Error recovery
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Simulation Model

Simulation Topology and Model

Source-specific Multicast (SSM) Average loss rate Minimum Maximum
over Protocol Independent
Multicast - Sparse Mode 6 % 0 % 13 %

(PIM-SM)

One Multicast streaming server
and 16 session participants

Streaming Server

O Session Member
loss(%)/RTT(ms)

Use modified RTP/RTCP over
UDP (Unicast RTCP feedback)

@ 7%/350ms
Gy G
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Simulation Results

Three different playout cases

1. No playout adaptation: No playout control, No server-aid, NACK-based
individual retransmission request

2. Local adaptation: Playout control, No server-aid, NACK-based individual or
accumulated retransmission request

3. Server-aid adaptation: Playout control, Server-aid, NACK-based individual or
accumulated retransmission request

Maximum playout time difference between leading and trailing clients
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Simulation Results

Accumulated playout discontinuity averaged per each client
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Simulation Results

Playout speed variation (a long-run client)
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Simulation Results

Average buffer occupancy at time t in a group
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Simulation Results

Maximum buffer occupancy difference at time t in a group

o
o

o
o

o
o
1
o
o
1

o
~
1

Buffer occupancy difference(s)
o
N

Buffer occupancy difference(s)

0.2 4

0.2

/ ....... Ililgcgllaayg::)g ctiiz;;tatlon / —— No playout adaptation
/7 — — Server-aid adaptation ) / """" Local adaptation
e 5 — — Server-aid adaptation
0.0 L 0.0 —_—
50 100 150 200 250 300 50 100 150 200 250 300
o Time(s) Time(s
Individual Request Accumulated Request (=)
. ¥
= | NETWORKed MEDIA LAB. NETﬁEﬁiﬁ
&%/ DEPT. OF INFO. & Comm., K-JIST B B ewhbdedrrrimtvol




Simulation Results

Required feedback bandwidth for retransmission request and receiver report
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Simulation Results

Averaged lost packet repair probability
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Ts Selection Playout discontinuity(s) Playout speed variation(f/s)
Minimum 0.3875 3.090097
Median 0.5291 3.014417
Maximum 0.5479 2.306243
Average 0.4916 2.922741
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Simulation Results

Three different error recovery cases

-~ 1. Individual retransmission request
: Playout control, Server-aid, NACK-based individual retransmission request
2. Accumulated retransmission request without playout aid
: No playout control, No server-aid, NACK-based full accumulation
3. Accumulated retransmission request with playout aid
! Playout control, Server-aid, NACK-based accumulated retransmission request

Required feedback bandwidth Averaged lost packet repair probability
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Conclusion and Discussion

Frameworks suitable for one-to-many multicast media streaming

adaptive playout control (local adaptation): to reduce discontinuity
from buffer under-/overflows.

Server-aid adaptation: to synchronize presentation time of session
members and to assist the loss recovery at each client.

Cumulative NACK-based error recovery and the role of adaptive
playout control: to reduce feedback bandwidth occurred by
individual retransmission request and retransmission fails (late

reply)

The overall frameworks can reduce the playout discontinuity, and thus

mitigate the client heterogeneity

§§. A NETWORKed MEDIA LAB.

Require precise unit conversion from buffer volume to its corresponding time
quantity.
Require proper congestion control mechanisms.
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Appendix

Notation
Notation Description
R,PJ,AP Normal playout speed, Current playout speed at a client i, Playback factor
gt,gé Target synchronization range, Skew between target and actual presentation time
Tchi Target and Actual presentation time
b, b, b, b Lower limit, Retransmission limit, Higher limit, Buffer size
p(t),SR(n) Presentation time, nt" Sender Report
b(t),bi(n) pufter accupancy Ievelt:et It’i,rst packet i comprising accumulated packet is lost P(e) when
A, A" (n) Accumulated time, required time to accumulate n packets
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Networked Media Lab.

O Dynamic Network Adaptation Framework

O Standard-based Internet/Mobile Media Streaming

O Reliable/Secure/P2P Multicasting + Content Dist. Networking
O Resource Management and Scheduling support (E2E QoS)

O Ubiquitous Networking (Mobility, Multicast, QoS) Support

O Immersive Media Delivery (Access GRID, Networked VE)

O Media Networking Middleware Support (6RID, Home Net)

O Robust and Scalable media for Universal Media Access

Flexible Media Delivery
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