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Abstract

The basic requirements of a distributed multimedia system are intramedia synchronization which asks
the strict delay and jitter for the check period of media buffer and the scaling duration with periodic
continuous media such as audio and video media, and intermedia synchronization that needs the
constraint for relative time relations among them when several media are presented in parallel.

In this paper, a distributed multimedia synchronization algorithm based on the fuzzy logic is
presented and the performance is evaluated through simulation. Intramedia synchronization algorithm
uses the media scaling techniques and intermedia synchronization algorithm uses variable service rates
on the basis of fuzzy logic to solve the multimedia synchronization problem.
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1. Introduction

With the development of multimedia processing
techniques and high-speed communication network
using computer technologies, studies on various
distributed multimedia applications via computer
communication network, such as video conference
system and multimedia information search system,
are now making a great progress in this research
fields. There are still several problems to
implement such multimedia applications. One of
them is the multimedia synchronization technique
to maintain time relations among multimedia data.
Such multimedia synchronization is achieved by
controlling data transmission artificially to support
the quality of service(QoS) of multimedia data
properly. Since the requirements of QoS depends
on both applications and characteristics of media,

the appropriate control of the artificial data
transmission  for  synchronization should be
allowed.

To solve the intramedia synchronization

problem, receiver transmits the feedback unit of
scaling messages to sender by appling fuzzy logic
based on the buffer state and arrival rate of a
media stream. After then, media scaling is
performed by a scaling mechanism at sender and
the scaled media stream is transmitted to receiver.

That is called as intramedia synchronization
algorithm. In order to solve the intermedia
synchronization problem, receiver checks the

differences of each media stream's relative time
stamp(RTS) and applies the variable service rates
to the slave processor by using fuzzy logic based
on the slave media's relative buffer state and
synchronous time compared with master media's.
It is called as intermedia synchronization
algorithm.  In this paper, both intramedia and
intermedia synchronization algorithms are proposed
and their performance is evaluated through
simulation.

The remainder of this paper is organized as
follows Section 2 summaries related works for
multimedia synchronization. Section 3 surveys
scaling methods. Section 4 presents the proposed
intramedia synchronization algorithm. The
proposed intermedia synchronization algorithm is
presented in section S5 and these algorithms are

evaluated in section 6. Finally, section 7
concludes the paper.

2. Multimedia synchronization

There are two  kinds of multimedia
synchronization techniques such as intramedia
synchronization and intermedia synchronization.
Intramedia synchronization is related to the
transmission of each media object within the
processing time. For the intramedia

synchronization, transmission schedule is generated
by computing the completion time of transmission
from  completion time of process  with
consideration of network delay. An appropriate
scheme that can correct this problem is required
at destinations. On the other hand, intermedia
synchronization is demanded when there exists
some relative time relationships among two media
objects in a multimedia object.

Related researches for multimedia synchro-
nization are as follows: Little et al. [5] use the
scheme that controls the buffer level at receiver
site.  Synchronization problem is solved by
dropping or duplicating frames according to the
transmission rates in the buffer of receiver site.
Anderson et al. [4] describe the local
synchronization algorithm for recovering from
asynchronism among interrupt-driven media 1/O
devices connected to a continuous media (CM)
/O server. Rangan et al. [1] present feedback
techniques for synchronization in distributed
multimedia systems.
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3. Media Scaling

Scaling is to subsample a data stream and
presents some fraction of its original contents
only. In general, scaling can be done at either
the source or the sink of a stream. Frame rate
reduction, for example, is usually performed at
the source, whereas hierarchical decoding is a
typical scaling method applied to the sink.
Scaling methods used in a multimedia transport
system can be classified as follows [2, 3]:

» Transparent scaling methods can be applied
independently from the upper protocol and
application layers, that is, the transport system
scales the media on its own. Transparent scaling
is usually achieved by dropping some portions of
the data stream. These portions - single frames or
substreams - need to be identifiable by the
transport system.

» Non-transparent scaling methods requires an
interaction of the transport system with the upper
layers. In particular, this kind of scaling implies a
modification of the media stream before it is
presented to the transport layer. For the
distribution of media parameters of the coding
algorithm, stored media can be scaled by
recording a stream that was previously encoded in
a different format.

In a multimedia system, scaling can be applied
to a couple of different media types, for example,
video and audio. For audio, scaling is usually
difficult because presenting only a fraction of the
original data is easily noticed by the listener.. For
video stream, users are typically much less
sensitive to the quality reductions. For this reason
and due to their high bandwidth requirements,
video streams are predestined for scaling. The
applicability of a specific scaling method depends
strongly on the underlying compression technique.
There are several domains of a video signal to
which scalings can be applied such as temporal,
spatial, frequency, amplitudinal and color space
scaling[2, 3]

4. Intramedia synchronization algorithm

In  this paper, a distributed intramedia
synchronization  algorithm, operated in the
environment of distributed multimedia system as
shown in Fig. 1, is designed, where, each media
data is transmitted from media server to clients.

Feedbuch

Feedback
Video
Server

Fig. 1. System configuration of a distributed multimedia

The clients monitor the buffer state of each
media periodically. If a media buffer state is
overrun or starvation, the client sends a scaling

message as a feedback unit to the media server.
One practical application of this system is video
on demand (VOD) applications.

The intramedia  synchronization  algorithm
monitors each media buffers at clients, and
checks bufter occupancy count (BOC)

periodically, where BOC is the information which
affects variations of data rates directly. If the
arrival rate of incoming media streams from a
communication channel is higher than the service
ratc of outgoing media streams for a processor,
the media buffer is overrun. Otherwise, the media
buffer starves (see Fig, 2). The primary objective
of intramedia synchronization is to manage media
buffers so that starvation or overrun doesn't occur.
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Fig. 2. The refationship of 'O data rates with BOC

We use the media buffer model shown in Fig.
3 for intramedia synchronization. Fig. 3 represents
the receiving buffer of a media stream, where s
is a start count that specifies how much streams
should be received on the channel before the
stream begins presentation to prevent initial
starvation, an appropriate value of start count can
be calculated from bounded jitter, and 4, 5, 5
and /y are thresholds of buffer length that
represent starvation, starvation warning, overrun
warning, and overrun states respectively.

Starvation  Starvation  Normal Overrun Overrun
warning warniug
1 I I s I3 Ix N
d; d-

Fig. 3. A media buffer model with multi-threshold.

In the distributed multimedia system, if the
current state of receiving buffer is starvation
warning or overrun warning, the client send a
scaling message to the media server. The media
server receiving the scaling message sends
r-scaled media streams to the client, where 0<r<1
is the relaxation parameters which represent
relative scaling degree (scaled stream size/original
stream size). A relaxation parameter is chosen
according to the current state of media buffer.
Audio and video streams are scaled by upper and

network scaling mechanisms respectively. We
compute BOC check period according to the
current state of each media buffer using the
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buffer model above and the media scaling
mechanisms.  The  overhead of intramedia
synchronization is reduced by checking BOC
according to a compared period. If a media
buffer is in starvation warning state or overrun
warning state, the media buffer is returned to
normal state by the media scalings.

If a current state of media buffer is normal,
BOC check period is as in Eq. (1):

: L= 1 L= 1
C" Mm( 2(#‘/1»711'»1) ’ 2(/1»1(1\'"#) ) sec (])
where An. and An, are the maximum and the
minimum arrival rates of a media stream
according to traffics of a communication channel,
and g 1s service rate of a media stream by a
media processor.

If the current state of media buffer is starvation
warning, the client sends a scaling message to the
media server, and the media server sends scaled
media streams to the client. Then, BOC check

periods in starvation warning state are as in Eq.
(2): .

_ 14
C,—= S — 1) sec, (2)

where A"=A/7». When the client sends a scaling
message to the media server in the state, REL
value of the message is r and DUR value of the
message s (.

If the current state of media buffer is overrun
warning, the client sends a scaling message to the
media server, and the media server sends scaled
media streams to the client. Then, BOC check

periods in overrun warning state are as in Eq.
3):

IRl ‘
CU“ Z(ﬂ_;"/ ) sec, (3)
where A" =Axy. When the client sends a

scaling message to the media server in the state,
REL value of the message is » and DUR value
of the message is (..

In this paper, the fuzzy logic is used to solve
the intramedia synchronization, using multi-level
media scaling according to the client's media
buffer state and arrival rates of media stream.
Rules for scaling relaxation control to maintain
the intramedia synchronization is shown in table
1.

Table 1. Rules for scaling relaxation control.

MBS
SW NO ow
MAR
L SR WR WR
M MR NR MR
H WR WR SR

the number of rules = 9

(Input variable)

MBS - media buffer state

MAR - media arrival rate

(Output variable)

REL - relaxation

(Linguistic variable)

I. - low M - medium H - high NO - normal
SW - starvation warning OW - overrun warning
NR - no relaxation WR - weak relaxation

MR - medium relaxation SR - strong relaxation

The membership functions for media buffer
state, arrival rates of media stream and scaling
relaxation in this paper are shown in Fig. 4, Fig.
5 and Fig. 6 respectively. The fuzzy mapping
function for media buffer state is as in Eq. (4):

0 x< ll
X ll
#s(x)=Si(x, y, Iy = NS h=<x<l, (4
1 x> /4

where, S; is the fuzzy mapping function that
represents the media buffer state and x is the
current length of media buffer.

m(MBS)
4 SW NO ow
1

buffer
P length

Fig. 4. Membership function for control of media buffer state.

m(MAR)
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Fig. 5. Membership function for the control of media stream

arrival rate.
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Fig. 6. Membership function for the scaling relaxation control.
The fuzzy mapping function for the arrival

rates of media stream is as in Eq. (5)

“ Sg(y) = Sz(y. /1min~/1max)

0 y<Amin
y—A min
T A — A Amin =Y A ®)
1 V2R max

where, S: is a fuzzy mapping function that
represents the arrival rates of media stream and y
represents the current arrival rates of media
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stream.

The normalization of fuzzy set for media buffer
state and arrival rates of media stream are shown
in table 2 and table 3 respectively.

Table 2. The normalization of fuzzy set for media
buffer state.
membership normalized normalized basic
function full set regions fuzzy set
{0.00 ~0.24) SW
0.00~1.00 025075 NO
ws (0 |1 ot ‘
[0.76 ~ 1.00] ow
Table 3. The normalization of fuzzy set for the
ammival rates of media stream.
membership normalized normalized basic
function tull set regions fuzzy set
[0.00~0.24] L
( [0.00~1.00] | [0.25~0.75] M
#5.(9) [0.76 ~1.00] H
L
Defuzzification of fuzzy set for scaling

relaxation is as follows:
defuzzifier( WR) =0.9
defuzzifier( MR) =(.8.
defuzzifier( SR) =0.7

S. Intermedia synchrenization algorithm

In this section, intermedia synchronization
algorithm, which is executed under the distributed
multimedia environment as shown in Fig. 1, is
designed, where, each media data is transmitted
from media server to client. Since human
recognition of audio error is more sensitive than
that of video error, audio packets have higher
priority than video packets. Therefore, let audio
be the master media and video be the slave
media respectively.

In this paper, by using fuzzy logic based on
the slave media's buffer state compared with
master media's and intermedia synchronous time,
intermedia synchronization algorithm that plays
back the slave media with variable service rates
is designed. The intermedia synchronous time is

calculated from Rangan[1]'s approach. If r, and
r, are the amival times of media unit
nn,and n, at client from media server

s,, and s, respectively, the earliest and the latest
generation times of #,, and n, represented as

& w(ny), &mlng), &(n), and g’ (n,)
are evaluated as in Eq. (6):

& 7 1m) = Tm— Dax + & Wl M) = Tw= D

g ny=c,—Aomer, & Un)=r1,—Admin ®)
where, g is the generation time of media unit,
#n,, is the master media unit, and #n, is the
slave media unit. The generation time of media
unit #n,, and #, g.(n,) and g(n;), are
included in generation region

[2°m(nn). 8 w(na)] . [£°(n,). 8" {(n,)]

respectively.  Since the exact generation time of
media unit is not known to client, the
synchronous time can be calculated based on the
generation interval of media units transmitted
from master and slave servers as in Eq. (7).

Ot ma (11— 1) =max( g w(ny) = & Any), 7

& {(n)— & wlnm)

The membership function for the degree of
synchronization among media is shown in Fig. 7,
and the fuzzy mapping function for the degree of
synchronization among media is as in Eq. (8):
ﬂS(agmax(nm-ng)):s(agmax(nm" n.\’)vs)

0 08 max(nm—n)< — &

| ) te (e <0 (@)

&
£ 8‘9’"”5("”*"5) 0< 8¢ o (11— m)<e
0 égmm(nm_ns)ze

where, S is the fuzzy mapping function that
represents the degree of synchronization and ¢ is
the maximum tolerable asynchronous time.

m(SYN)

4

0 >
-¢ 0 e synchronous
time

Fig. 7. The membership function for the degree of synchro-
nization among media

The normalization of fuzzy set for the degree
of synchronization among media is shown in
table 4. Rules for variable service rate control,
which i1s based on the intermedia synchronous
time and the state of slave media for intermedia
synchronization, is shown in table 5, where, if
08 max (N, —ns) > 0 then the state of slave

media is SLOW, and FAST otherwise.

Table 4. The normalization of fuzzy set for the synchronization
among media

s - normalized normalized basic
membership function full set regions fuzzyv set
[000~0.24] | WSYN
25( 0 max (M — 1)) [000~1001 | [025-0.49] | MSYN
[050~1.00] | SSYN
Table 5. Rules for variable service rate control
— xr
s 2N SSYN O MSYN WSYN
SLOW NSR LHSR VHSR
FAST NSR LLSR VLSR

the number of rules = 6
(Input Variable)
SYN - Synchronization
SMS - Slave Media State
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(Output Variable)

VSR - Variable Service Rate

(Linguistic Variable)

SI.OW - A slave media slower than the master media
FAST - A slave media faster than the master media
SSYN - Strong Synchronization

MSYN - Medium Synchronization

WSYN - Weak Svnchronization

NSR - Nomal Service Rate

LLSR - Little Low Service Rate

VLSR - Verv Low Service Rate

LHSR - Lutle High Service Rate

VHSR - Verv High Service Rate

6. Simulation and Evaluation

In this section, the performance of proposed
distributed multimedia synchronization algorithm is

evaluated through simulation. For intramedia
synchronization algorithm, the buffer length of
each media is examined and the buffer

smoothness, synchronization accuracy, the number
of scaling messages transmitted from clients to
media server, and the frequency of occurrences of
scaling relaxation are evaluated.

The results of the simulation for
synchronization algorithm are as follows: The
performances of the intramedia synchronization
algorithm are depicted in Fig. 8 and Fig. 9
respectively. Fig. 8 shows the variation of buffer

intramedia

length on video media with time. Neither
starvation nor overrun is not occur during
simulation time in Fuzzy Scaling which is

proposed in this paper. However, starvation occurs
between 400 and 700 seconds in No Scaling
method which does not use scaling technique.
Thus, the Fuzzy Scaling method seems to
stabilize the state of media buffers. Fig. 9 shows
the variation of the buffer length on audio media
with time and starvation occurs between 350 and
550 seconds in No Scaling method, but the buffer
state 1 stabilized in Fuzzy Scaling method.

Fig. 10 shows the vanation of the number of
scaling messages which a client transmits to
media servers in simulation time.
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u';. —*— Overrun
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Fig 8. Vanation of the buffer length on video media.

During simulation time of 1000 seconds, total
71 scaling messages were transmitted (that is, 7
scaling messages on video media and 64 scaling
messages on audio media). The overhead of
scaling message transmission is trivial, and scaling
messages were transmitted near the starvation or
overrun threshold of the buffer length in Fuzzy

Fuzzy_Scaing
No_Scaling
Starvation
Overrun

Buffer Length

Fig. 9. Vanation of the buffer length on audio media.
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Fig. 10. The number of scaling messages transmitted by the

client.
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Fig. 11. The frequency of occurrences of scaling relaxation

for each media.

Scaling method as shown in Fig. 8 and Fig. 9
respectively

Fig. 11 shows the frequency of occurrences of
scaling relaxation for each media, where, for
video media, strong relaxation (0.7) is not
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occurred, instead 2 times of medium relaxation
(0.8) and 5 times of weak relaxation (0.9) are
occurred. For audio media, strong relaxation is
not occurred, instead 11 times of medium
relaxation and 53 times of weak relaxation are
occurred.  Accordingly, we know that QoS
degradation due to media scaling is minimal.

The performance of proposed intermedia
synchronization algorithm is evaluated through
stmulation with parameters listed in table 6.

Table 6. Simulation parameters

perameter value
max. asynchronous time( e ) 150 ms
synchronous jitter 5 ms

NSR 30 frames/sec
i LLSR 28 frames/sec
VLSR 26 frames/sec
I_LHSR 32 frames/sec
{j VHSR T 34 frames/sec

—&——  Fuzzy syn
4o —@—  Tplerable syn
——a——  Tolerabie syn

Synchronous time

Time

Fig. 12 The svnchronous times among
media

Fig. 12. shows the synchronous time between
master and slave media with time. Since the
intermedia synchronous time is less than the
maximum tolerable asynchronous time between
audio and video, intermedia synchronization
algorithm works quite well among media.
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Variable service rates
Fig. 13 The frequency of occurrences of

variable service rates

Fig. 13. shows the frequency of occurrences of
variable service rates. As shown in fig. 13, 88%
of the total processed video frames are processed
with normal service rate(NSR), 2.66% are with
little low service rate(LLSR), and 3.33% are with

little high service rate(LHSR) So, no video
frames are processed with either very low service
rate(VLSR) or very high service rate(VHSR).
Therefore, QoS degradation due to the vanable
service rate is almost none since the variable
service rate is within the range of 55% of normal
service rate in video media.

6. Conclusion

In this paper, a distributed multimedia
synchronization algorithm based on the fuzzy
logic that supports both intramedia synchronization
and intermedia synchronization is designed and
the performance is evaluated through simulation.

The intramedia synchronization is achieved by
using media scaling techniques on the basis of
fuzzy logic for the clients' media bufter state and
arrival rates of media stream. The intermedia
synchronization is achieved by using variable
service rates based on the fuzzy logic for the
buffer state of slave media at receiver site and
intermedia synchronous time.

The proposed algorithms are
respect to buffer smoothness, synchronization
accuracy, the number of transmitted scaling
messages. the frequency of occurrences of scaling
relaxation, and the frequency of occurrences of
variable  service rates  through  simulation.
Simulation results shows that the proposed
algorithms are perform quite well with regards to
both intramedia and intermedia synchronization.
The overhead due to scaling messages scarcely

evaluated with

exists and the QoS degradation due to both
scaling messages and variable service rates 1is
trivial.

A realization of the distributed multimedia
synchronization using media scalings and variable
service rates based on fuzzy logic and effective
interaction between intramedia and intermedia
synchronization are our future works
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