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Abstract- This paper considers a scenario of broadcasting
stream media over a mobile multicast networking environment,
where a server employs the wired Internet multicast to replicate
and distribute stream media to a set of access points (APs), from
which mobile hosts (MHs) intercept the stream through wireless
unicast links. An analytical framework is introduced for
characterizing the traffic dependency between AP and MH by
taking into account the issues impacting the seamless stream
handoff (e.g., AP out-of-synch, handoff latency and path-setup
delay). Based on it, a proactive hot-zone flow control scheme is
proposed, which employs a simple threshold-based policy for
regulating the traffic flow between AP and MH prior to handoff.
The simulation results reveal that the proposed scheme can
significantly reduce the playback hiccups while consuming limited
buffer space, compared with the one without any special attention.
Particularly, deployment of a few-second-video-length buffer in AP
and MH is capable of achieving the seamless stream handoff most
of the time subject to fairly loose constraints of the AP synch error
(ranging 13 sec) and handoff latency (around 1 second).

1. Introduction

Ubiquitous support of Internet access has been made possible by
the rapid progress in the WWAN technologies (e.g., GPRS, UMTS,
and CDMAZ2000), handheld devices (e.g., cellar phone, PDA, and
notebook) and evolving mobility protocols (e.g., MIP and SIP) [1].
It enables mobile hosts (MHs) to gain the access to a
wide-spectrum of multimedia information services, such as TV
broadcast, news report, tourist service and commercial
advertisement. The broadcast of stream media (e.g., video and
audio) is one of the fundamental services utilized by these services
and can be efficiently supported by IP multicast with mobility
extension [2]. In principle, a multicast tree in the wired Internet is
constructed, from a source to a group of access points (APs), each
of which governs a region/cell. The media stream sent by the
source is delivered to respective APs through the data replication
done at each branch node of the tree. A MH utilizes the wireless
unicast link to connect to the AP associated with the region that the
MH is currently residing and intercepts the on-going stream for
playback. As the MH roams from one region to the other, a handoff
process is invoked for its switching the stream interception from
the old AP to the new AP. We call such stream handoff is seamless
if the MH’s playback can be continued without any “hiccup”.
However, the challenges come from several sources: (1) First, a
stream received by different APs may not be perfectly
synchronized, because the data paths from the server to each AP
may involve different nodes, links and traffic conditions and thus
incur different network delays. This phenomenon is known as the
out-of-synch problem [3]. (2) Second, the handoff process normally
causes non-negligible signaling delay, over which we may
experience some data loss or rough transmission. (3) Finally, if the
MH connects to an AP, which is currently not a member of a
multicast group, a long setup delay may be required for that AP to
establish a new subscription. All these issues potentially cause

stream discontinuity and should be carefully dealt with to ensure
the seamless stream handoff. Most of the previous works primarily
focus on strategic solutions for shortening handoff delay by
reducing signaling overheads [5][6][7][8] or minimizing data loss
[31[4][9]. But few analytical models have ever been proposed for
designing the stream flow control for handoff. In this paper, we
propose an analytical framework for characterizing the traffic
dependency between AP and MH by taking the above timing issues
into account, and derive a necessary condition for the seamless
stream handoff. A proactive hot-zone flow control is then proposed,
which determines the timing for triggering different events and
buffer requirements, and employs a simple threshold-based policy
for regulating the traffic flow between AP and MH, relying on the
buffering status of the next AP, prior to handoff. The simulation
results reveal that the proposed scheme can significantly reduce the
playback hiccups while consuming very limited buffer space,
compared with the one without any special attention. Particularly,
deployment of a few-second-video-length buffer in AP and MH is
capable of achieving the seamless stream handoff most of the time
subject to fairly loose constraints of the AP synch error (ranging +3
sec) and handoff latency (around 1 second). The rest of the paper is
organized as follows. Section 2 gives the assumptions and
formulation of the problem. Section 3 presents the proposed
scheme. Section 4 provides the performance evaluation. Section 5
draws the final conclusion.

2. Basic Assumptions and Problem Formulation

The mobile multicast network of interest is described as follows. A
video server broadcasts a video stream (video channel) to a
(multicast) group of APs through a wired multicast channel, where
each AP is currently serving the stream to one or more MHs. Each
MH connects to and intercepts the stream from the AP designated
to the region it is residing through a wireless unicast channel. A
mobile switching center (MSC) is also deployed in the wired
network for monitoring connections and carrying out the handoff
decision about where and when a MH should be handed over to.
Without loss of generality, in the following discussion, we focus on
the case that a MH intercepts a video channel from a multicast
group of APs.

We assume a video is packetized into a sequence of packets
with a fixed packet size of p and numbered by 1, 2, 3 and so on. It is
sent as a constant-bit-rate (CBR) stream with a packet rate of R
using multicast. (In the following discussion, “packet” is the basic
data unit.) The same CBR stream will be reconstructed at each AP.
Each AP owns a buffer queue which always keeps a window of B4p
number of the most recently received packets. A MH also has a
buffer queue which can accommodate up to B, number of
received packets and consumes them at the same CBR. Next, we
define the flowing address functions and characterize the traffic
dependency between a MH and the new and old APs.

Definition 1 (Address functions):
fun(?): the packet id that a MH is consuming for decoding at time 7.
fap(?): the packet id that a MH is receiving from the server at time ¢.

* This work is supported by the National Science Council through a grant NSC 88-2219-E-020-001.

0-7803-9332-5/05/320.00 ©2005 IEEE


mailto:srtong@mail.npust.edu.tw

Jred?): the packet id under transmission (AP—MH) at time ¢.

Jap ()2 f1p()-B,p: the min packet id an AP buffers at time ¢.

ot (= frur(D)+Bagr: the max packet id a MH could buffer at time 7.
Usually the propagation delay over the wireless link is

relatively short compared with the packet transmission time, so

here we assume it is virtually zero. In that case, clearly f,.(f) must

fall between fp(f) and f(¢). Furthermore, f,.(f) should never run

behind £ (1) and beyond fiz (7). As a result, we obtain following

address constraint associated with an AP-MH connection.

JAO)2 Fro02 £, O
where fi(t)=min{ f4(2), furs (1)} and fr()=max{ fuu(?), fap (1)} The
seamless stream handoff from one AP-MH connection to the other
can be interpreted as constructing a feasible (continuous) f,,., which
satisfies these two address constraints at the same time. Figure 1
gives a visual illustration of this idea where a MH comes across two
adjacent APs. We use AP; and AP, to indicate the current and next
APs, respectively. Also, the associated functions are indexed by
corresponding AP id. The feasible areas (highlighted with grey
color) refer to the ones bounded by the address constraints with
signal ranges covered by each AP. f,,, successfully crosses over two
feasible areas and causes no interruption to fi;y, so the stream
handoff is seamless. Note that over the handoff period f,,, incurs a
“flatten” segment. This is because the rough transmission results in
poor sustainable throughput. Also two APs may have different
buffer sizes and receive the same stream with some time offsets due
to the out-of-synch problem, so two feasible areas usually don’t
match perfectly (or even disjoin at all). If the infeasibility of f,., is
foreseeable prior to handoff, we may call for adjustment on the
AP;;,’s buffer space to make f,,, feasible. To implement this idea, a
proactive strategy is taken as follows.

3. Proactive Hot-Zone Flow Control

Basically we try to get a media stream activated in 4P, before
handoff. As shown in Figure 1, we divide the entire handoff process
into three subsequent phases: (1) query, (2) hot-zone and (3)
handoff, Where tgyery, thor-zone A0 thanao indicate the starting time of
respective phases and ¢,,, the end time of the process. Normally the
regular stream transmission is carried out by some streaming
protocol (e.g., RTP) with a CBR of R. Once in the query phase,
MSC chooses the next AP (i.e., AP;;) for handoff according to an
AP consolidation policy (to be described shortly) and requests
APy, to join the multicast group if it is a nonmember. When the
stream starts to arrive at AP;;;, MSC estimates a threshold # which
depends on the address constraint associated with AP, and
indicates the packet id that MH should receive up to before entering
the handoff phase, and adjusts AP;,,’s buffer space if necessary.
Next, in the hot-zone phase, the regular stream transmission is
switched to the hot-zone transmission, where AP; tries to catch up
with that threshold for the traffic sent to MH. In the handoff phase,
the actual handoff operation is performed and the stream
transmission may be deteriorated or turned off. After the handoff
phase, AP, proceeds the regular stream transmission from the
location stopped by 4P;. In the following, we first describe how to
determine the threshold % and AP for achieving the seamless
handoff, followed by deciding the timings of triggering respective
phases.

3.1 Seamless Stream Handoff Property

For f,., to be continuous, the stream transmission stopped at 7,4
should be picked up by AP;;| at some time #4,,5>7,,4. In other words,
there must be a packet id / such that 1 (thandop) 212 f1(randoy) and

Jur1(Troo)21+02f 1) (thook), Where O is the traffic amount obtained
during the handoff phase. The following theorem describes the
necessary condition for / to preserve such a property.

Theorem 1 (Threshold policy & seamless handoff): Suppose we
employ a threshold policy that the packet id received by MH at the
end of the hot-zone phase is no less than % (i.e., frolthandop)2h),
where h=fi1)(tens). Then the stream handoff is seamless, if
JuiTend) 1010 Eend)Z At andop< R, Where Atyqnq0p is the time interval
of the handoff phase.

Proof: 1t is given that fU(i)(te,,d)—ﬁ(i+1)(tend)ZAtha,,doffo. Also
Juo thando) UG tend)—AthandopxR.  We  thus  have  fue(thandop)>
Jfiir(tena)=h. By enforcing the threshold policy, we mean that
Jnelthandop)=1 should fall in [max{ fi(thandop)> 1} Sfuiiy(Trandop)]-
Next, suppose 6 amount of the traffic is obtained during the handoff
phase, so at time toug, freltena)=I10. AlsO, fr(it1y(fena) =h<ISIHO. As
time goes on, fi.1) keeps on increasing at a rate of R and f,,
remains still. Eventually, we will find a time ¢, (2,,4) at which
Jur ) thoo)2IH02f1i11)(thoor).  Therefore, the seamless stream
handoff is guaranteed. |l

For instance, as indicated in Figure 1, at fo.4, fu(fend) L1y (Eena)
2Atyandop<R, so the threshold policy can derive a feasible f,,
crossing over two feasible areas.

3.2 AP Consolidation Policy

There could be couple candidate AP;.;’s , with their signal ranges
overlapped with that of 4P,, that a MH can be handed over. They
may or may not be a member of the multicast group and also have
different buffer sizes and network delays (the server-AP). In some
cases, the seamless stream handoff cannot be realized unless we
expand Bypgi1). (Byy is usually quite small, so room for its
expansion is very limited.) The AP consolidation policy is to find
the “best” AP;.;, described as follows. Suppose the MSC
continuously monitors APs and keeps track on the address
constraints associated with connections. At 7., the MSC has a list
of candidate APs in hand and tries to choose one of them. It first
considers the minimum-workload (e.g., the minimum number of
active streams or clients in service) and member AP which can
realize the seamless stream handoff directly. If none, it further
considers the minimum-workload and member AP that needs to do
the buffer expansion to realize the seamless stream handoff. If none
again, it chooses the minimum-workload and nonmember AP to
issue a subscription. Once the stream starts to arrive, the necessity
of the buffer expansion is further checked and applied if necessary.
If none again, the minimum-workload AP is finally chosen from
the rest of APs. In this case, a hiccup is unavoidable. The
corresponding pseudo codes for testing buffer expansion are listed
in Table 1, where all possible combinations of the address
constraints of AP; and AP;., are checked to see whether the
seamless stream handoff can be done or not by applying Theorem
1. If “OK” is returned, the job can be done. If “EXPAND” is
returned, the job can be done only when B,p(+1)is expanded up to
B*,pgr1). If “REJECT” is returned, the job fails due to the fact that
Ji+1y 18 dominated by fy, and expanding B,p(+1) cannot solve the
problem. (A proof of the test can be found in [11].)

Table 1: Pseudo codes of the buffer expansion test

Procedure AP_BUFFER_EXPANSION(AP;, AP;.1)

L IE fu(Fenad) S (Fend) 2Athandop*R //seamless handoff test.
2 then if fy1)(tena)2f1i+1)(tena)// AP;v1’s address constraint.
3 then return(OK)// no buffer expansion needed.




4 else if f1p(+1y(fend)2fa1(tena)

5 then B*piir 1y~ upi+1)(tend) Fui+1)(Eend)

6 return(EXPAND)// buffer expansion.

7 else return(REJECT)// infeasible.

8 elseif fy;i1)(Zena)2f1(i+1)(Tena)//AP;11 s address constraint test.
9 then if /11 1y(Zena) = = Tapqi+1)(tend)-Bap1)(tend)

10 then B*pi1y= fapi1y(Tend) o) end) T A hanaog™™ R

11 return(EXPAND)// with buffer expansion.

12 else return(REJECT)// infeasible.

13 else if £ pi1y(Zenad) 2 vr(tena)

14 then B*;piry=max{ fip+1)tena) Sui(Eenad) T
Athandof* R, fapi+1(tend)- fotrTena)-Brr}

15 return(EXPAND)// buffer expansion.

16 else return(REJECT)// infeasible.

End

3.3 Phase Timings

For individual phases to have sufficient time to process their jobs,
their triggering times should consider the worst-case scenario. In
the query phase, since the MSC continuously monitors the
connections (i.e., address functions), the buffer expansion test can
be quickly performed for those member APs. Such computing time
is relatively short. But the MSC may also ask a non-member AP to
join the multicast group to service the stream. In that case, the MSC
has to wait for the stream to arrive at that AP to obtain the address
functions. Such a multicast subscription delay is usually relatively
long, and the maximum of it, Az, (assumed to be known) should
be allocated for the query phase. In the hot-zone phase, the worst
cast is that the threshold policy may ask 4AP; to fill up the MH’s
buffer from emptiness, so a time interval of By;/R,,., is required,
where R, >R is the maximum sustainable network throughput
(assumed to be known). In the handoff phase, the worst handoff
latency Atjanaqy (assume to be known) is required. So the total time
interval for the handoff process equals ATjqdof=Alys T B/ Ryngx +
Athandojf-

Next, we want to measure the elapse time from the present
time ¢, to MH’s leaving the signal range of an AP, denoted by AT,
This job is also done by the MSC. Figure 2 shows that the signal
range’s radius is Rp, and a MH is moving at a velocity of v with a
direction indicated by 0;. The distance between the MH and AP,
denoted by Ry, can be computed by using the RSSI model [10].
Using the Ry, and 0,, we can obtain 62=sin‘1(RMHsin91/RAp). Thus
D,y can be written as

DMH=DAP-RMHCOSG1=RAPCOSGQ—RMHCOSG1. (2)
Therefore, AT);=Dyplv. Since ATy is estimated based on the
current status of MH and may become inaccurate as MH changes
the velocity or direction, so it should be periodically updated.
Meanwhile, for avoiding ping-pong effect, it is desirable to
postpone the handoff process as late as possible. That is, the MSC
will not start the handoff process until AT;;<ATjq404- This thus
2ives et AT 1o AT pandogps thot-zone™ AT 1o AT handof™ Mimgs thandofr
:tc+ATleft'AThandoj]+Ath+BMH/Rmax and tend=t6+ATleji-

4. Performance Evaluation

We simulate an environment where 20 APs, say APy, AP,, ..., APy,
are lined up along a road with equal spacing. Each has a signal
range of 1.35 km with certain overlaps with the neighboring APs.
The video stream has a bit rate of 1.5Mbps. Given p=1KB, R is

around 200 pps. Also let R,,,,=1.5R. In each random experiment, a
MH moves on the road from the beginning to the end at a velocity
of 60Km/hr. (The time for its staying in an AP region is greater than
AT ando) The time offset of the stream perceived by an AP with
respect to that perceived by AP, is referred to as the AP synch
error, denoted by y. v is uniformly distributed over ¢, where ¢ is
referred to as the synch error range. We assume the hard handoff in
a sense that no packets get transmitted during handoff, and the MH
can only receive packets from the old AP before handoff or from
the new AP after handoff. The proposed hot-zone flow control is
applied during handoff. Az, Atjorzone aNd Atygnaop are assumed to
be 1,200ms, 2,000ms and 1,000ms, respectively. We compare our
scheme with a primitive scheme, where no special flow control is
employed (i.e., only a CBR stream with a R rate is running between
AP and MH.) B,,p""?" either means the buffer upper-bound that B ;p
can be expanded up to under the hot-zone mode or B,p used under
the primitive mode. Metric of interest is the hiccup experienced by
playback, which can be characterized by two factors: starvation
Ogarve (the number of packets that MH starves for playback) and
skip ogp, (the number of packets skipped since the last received
packet) (Figure 3).

Figure 4 and Figure 5 show the values of ¥, 04 and ogp
incurred by each AP of a particular experiment under the primitive
and hot-zone modes, respectively, given ¢=1,000ms,
By1=5,600ms, and B p”"*=1,400 ms. For clarity, we translate the
number of packets into video clip length (ms) and show o, and
Osarve 1N positive and negative values, respectively. As it can be
seen, in the primitive mode the fluctuation of y incurs significant
Ogtarve and 0y, in each AP. This problem is however prominently
improved in the hot-zone mode due to the hot-zone flow control.
Figure 6 further shows the average of 0y (=0saret0Oskip) incurred
by an AP, taken from 100 random experiments, under various
(B4p""", By configurations for two different modes subject to
¢=1000ms. In the primitive mode, more than 1,500ms o,y still
remains even when (B4, Byy) grows up to (5,000ms,
10,000ms). On the other hand, in the hot-zone mode, 0,4 is rapidly
declined as B4p"""*" or B,y increases. We observe a boundary curve
on the B,p"”*" vs. Byyplane, and the configurations beyond it lead
to null 0. Figure 7 summarizes such boundaries for ¢=1,000ms,
2,000ms and 3,000ms. It is clear that the curves are leveraged as
¢ increases. This is because more serious synch error requires more
buffer space (in both MH and AP) to smooth out hiccups. Tradeoff
exists between B, p™’* and Byy. Up to certain critical B,p"",
increasing B,y does not help for decreasing B,p""7*". (For instance,
Bp"PP* becomes a constant of 2,800ms, 4,500ms or 5,400ms when
By is beyond 1,200ms, 1,600ms or 2,600ms when ¢=1,000ms,
2,000ms or 3,000ms, respectively.) This is because the address
constraint is primarily dominated by f,» and f,p* when B,y grows
beyond those values. In other words, those critical points offer
cost-effective configurations in a sense of minimizing the AP
buffering load.

5. Conclusion

In this paper, we present a proactive flow control scheme, termed
the hot-zone flow control, for implementing the seamless stream
handoff in mobile multicast networks. Theory for the seamless
stream handoff is derived, which leads to an AP consolation policy
and a simple threshold policy which accounts for the buffering
status of the next AP. We demonstrate that the proposed scheme is
able to significantly reduce the hiccups in playback, while
consuming only limited buffer space, compared with one without



any special attention.

6. References

[1] N. Banerjee, etal., Mobility Support in Wireless Internet, IEEE Wireless
Communications, Oct 2003, pp. 54-61.

[2] H. Gossain, C. Cordeiro and D. Agrawal, Multicast: Wired to Wireless,
IEEE Communication Magazine, June 2002, pp. 2-9.

[3]J. Lai and W. Liao, Mobile Multicast with Routing Optimization for
Recipient Mobility, IEEE Transactions on Consumer Electronics, Vol.
47, No. 1, Feb. 2001, pp. 199-206.

[4] Y. Pan, etal., An End-to-End Multipath Smooth Handoff Scheme for
Stream Media, IEEE JSAC, Vol. 22, No. 4, May 2004, pp. 653-663.

[5] R. Ramjee, etal., HAWAII: A Domain-Based Approach for Supporting
Mobility in Wire-area Wireless Networks, IEEE/ACM Trans.
Networking, Vol. 10, June 2002, pp. 396-410.

[6] S. Sharma, N. Zhu, and T. Chiueh, Low-Latency Mobile IP Handoff for
Infrastructure-Mode Wireless LANs, IEEE JSAC, Vol. 22, No. 4, May
2004, pp. 643-652.

[7] I. Wu, etal., A Seamless Handoff Approach of Mobile IP Protocol for
Mobile Wireless Data Networks, IEEE Transactions on Consumer
Electronics, Vol. 48, No. 2, May 2002, pp. 335-344.

[81 W. Ma and Y. Fang, Dynamic Hierarchical Mobility Management
Strategy for Mobile IP Networks, IEEE JSAC, Vol. 22, No. 4, May
2004, pp. 664-676.

[9]1 A. Helmy, M. Jaseemuddin, and G. Bhaskara, Multicast-Based
Mobility: A Novel Architecture for Efficient Micromobility, IEEE
JSAC, Vol. 22, No. 4, May 2004, pp. 677-690.

[10] B.McLarnon, VE3JF, VHF/UHF/Microwave Radio Propagation: A
Primer for Digital Experimenters, ARRL and TAPR Digital
Communications Conference, Oct. 1997.

[11] S. Tong and S. Yang, A Proactive Flow Control Strategy for
Supporting Seamless Stream Handoff under Mobile Multicast
Networks, Technical Report, MIS Dept, Nat’l Pingtung U. of Sci. and
Tech.

Sy
fL(i+l) p/
Jviena
Athandq/]R | N
B >:Athandof/ R
fnw h:fL(m)(tmd)
Tuiy
qu 5 ¢ AT andoff
At Aty s Dliivog
Query Hot-Hand-
zone| off
Louery Lhandogy
uery Thot-zone Thook

Lond

Figure 1: The seamless stream handoff process illustrated by the
address constraints associated with two AP-MH connections.

MH takes an elapse
time AT, , to leave
the region.

Figure 2: AMH is movingata  Figure 3: Illustration of hiccup
velocity v with a direction factors: 0yge and Ogp.
indicated by, 0.

3000

2500

2000

1500

~ 1000

-1000

-1500

Primitive mode

,t\

AP id

Figure 4: The values of Y, 0,/ and o, incurred by each AP under
the primitive mode (¢=1,000ms, B,;z=5,600ms, B,»"""“=1,400ms).

1500

1000

e Oy 8

o,

-1000

-1500

Hot-zone mode

,

/{lﬂ
{T
833

AP id

Figure 5: The values of y, 04 and oy, incurred by each AP under
the hot-zone mode (¢=1,000ms, B,;;=5,600ms, B p""*=1,400ms).

Primitive mode (¢=1000ms)

Hot-Zone mode ($=1000ms)

@ i
I

P
4

)
i

(b)

Figure 6: Means of 0,y incurred by an AP under various (B """,
By) configurations under (a) the primitive mode (b) the hot-zone
mode subject to ¢=1,000ms.

8000

7000

6000

5000

- - ¢ g J
1 $=1000ms ~*¢=2000ms ¢3000m:‘7

Critical poinis

1000 1200 1400 1600 1800 2000

200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4200 4400 4600 4800

By (ms)

Figure 7: Boundaries of the configurations with null 0,y
(seamless-handoff) subject to ¢=1,000ms, 2,000ms and 3,000ms.



	Index
	ICME 2005

	Conference Info
	Welcome Messages
	Venue Access
	Committees
	Sponsors
	Tutorials

	Sessions
	Wednesday, 6 July, 2005
	WedAmOR1-Action recognition
	WedAmOR2-Video conference applications
	WedAmOR3-Video indexing
	WedAmOR4-Concealment &amp; information recovery
	WedAmPO1-Posters on Human machine interface, interactio ...
	WedAmOR5-Face detection &amp; tracking
	WedAmOR6-Video conferencing &amp; interaction
	WedAmOR7-Audio &amp; video segmentation
	WedAmOR8-Security
	WedPmOR1-Video streaming
	WedPmOR2-Music
	WedPmOR3-H.264
	WedPmSS1-E-meetings &amp; e-learning
	WedPmPO1-Posters on Content analysis and compressed dom ...
	WedPmOR4-Wireless multimedia streaming
	WedPmOR5-Audio processing &amp; analysis
	WedPmOR6-Authentication, protection &amp; DRM
	WedPmSS2-E-meetings &amp; e-learning -cntd-

	Thursday, 7 July, 2005
	ThuAmOR1-3D
	ThuAmOR2-Video classification
	ThuAmOR3-Watermarking 1
	ThuAmSS1-Emotion detection
	ThuAmNT1-Expo
	ThuAmOR4-Multidimensional signal processing
	ThuAmOR5-Feature extraction
	ThuAmOR6-Coding
	ThuAmSS2-Emotion detection -cntd-
	ThuPmOR1-Home video analysis
	ThuPmOR2-Interactive retrieval &amp; annotation
	ThuPmOR3-Multimedia hardware and software design
	ThuPmSS1-Enterprise streaming
	ThuPmNT1-Expo -cntd-
	ThuPmOR4-Faces
	ThuPmOR5-Audio event detection
	ThuPmOR6-Multimedia systems analysis
	ThuPmOR7-Media conversion
	ThuPmPS2-Keynote Gopal Pingali, IBM Research, &quot;Ele ...

	Friday, 8 July, 2005
	FriAmOR1-Annotation &amp; ontologies
	FriAmOR2-Interfaces for multimedia
	FriAmOR3-Hardware
	FriAmOR4-Motion estimation
	FriAmPO1-Posters on Architectures, security, systems &a ...
	FriAmOR5-Machine learning
	FriAmOR6-Multimedia traffic management
	FriAmOR7-CBIR
	FriAmOR8-Compression
	FriPmOR1-Speech processing &amp; analysis
	FriPmSS1-Sports
	FriPmOR2-Hypermedia &amp; internet
	FriPmOR3-Transcoding
	FriPmPO1-Posters on Applications, authoring &amp; editi ...
	FriPmOR4-Multimedia communication &amp; networking
	FriPmOR5-Watermarking 2
	FriPmSS2-Sports -cntd-
	FriPmOR6-Shape retrieval


	Authors
	All authors
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Papers
	Papers by Session
	All papers
	Papers by Topic

	Topics
	1 SIGNAL PROCESSING FOR MEDIA INTEGRATION
	1-CDOM Compressed Domain Processing
	1-CONV Media Conversion
	1-CPRS Media Compression
	1-ENCR Watermarking, Encryption and Data Hiding
	1-FILT Media Filtering and Enhancement
	1-JMEP Joint Media Processing
	1-PROC 3-D Processing
	1-SYNC Synchronization
	1-TCOD Transcoding of Compressed Multimedia Objects
	2 COMPONENTS AND TECHNOLOGIES FOR MULTIMEDIA SYSTEMS
	2-ALAR Algorithms/Architectures
	2-CIRC Low-Power Digital and Analog Circuits for Multim ...
	2-DISP Display Technology for Multimedia
	2-EXTN Signal and Data Processors for Multimedia Extens ...
	2-HDSO Hardware/Software Codesign
	2-PARA Parallel Architectures and Design Techniques
	2-PRES 3-D Presentation
	3 HUMAN-MACHINE INTERFACE AND INTERACTION
	3-AGNT Intelligent and Life-Like Agents
	3-CAMM Context-aware Multimedia
	3-CONT Presentation of Content in Multimedia Sessions
	3-DIAL Dialogue and Interactive Systems
	3-INTF User Interfaces
	3-MODA Multimodal Interaction
	3-QUAL Perceptual Quality and Human Factors
	3-VRAR Virtual Reality and Augmented Reality
	4 MULTIMEDIA CONTENT MANAGEMENT AND DELIVERY
	4-ANSY Content Analysis and Synthesis
	4-AUTH Authoring and Editing
	4-COMO Multimedia Content Modeling
	4-DESC Multimedia Content Descriptors
	4-DLIB Digital Libraries
	4-FEAT Feature Extraction and Representation
	4-KEEP Multimedia Indexing, Searching, Retrieving, Quer ...
	4-KNOW Content Recognition and Understanding
	4-MINI Multimedia Mining
	4-MMDB Multimedia Databases
	4-PERS Personalized Multimedia
	4-SEGM Image and Video Segmentation for Interactive Ser ...
	4-STRY Video Summaries and Storyboards
	5 MULTIMEDIA COMMUNICATION AND NETWORKING
	5-APDM Multimedia Authentication, Content Protection an ...
	5-BEEP Multimedia Traffic Management
	5-HIDE Error Concealment and Information Recovery
	5-QOSV Quality of Service
	5-SEND Transport Protocols
	5-STRM Multimedia Streaming
	5-WRLS Wireless Multimedia Communication
	6 SYSTEM INTEGRATION
	6-MMMR Multimedia Middleware
	6-OPTI System Optimization and Packaging
	6-SYSS Operating System Support for Multimedia
	6-WORK System Performance
	7 APPLICATIONS
	7-AMBI Ambient Intelligence
	7-CONF Videoconferencing and Collaboration Environment
	7-CONS Consumer Electronics and Entertainment
	7-EDUC Education and e-learning
	7-SECR Security
	7-STAN Multimedia Standards
	7-WEBS WWW, Hypermedia and Internet, Internet II

	Search
	Help
	Browsing the Conference Content
	The Search Functionality
	Acrobat Query Language
	Using the Acrobat Reader
	Configuration and Limitations

	Copyright
	About
	Current paper
	Presentation session
	Abstract
	Authors
	Sheau-Ru Tong
	Sheng-Hsiung Yang



