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Abstract: In this paper an inter-channel synchronization
method for multimedia services supported by the B-ISDN net-
work is presented. The method utilizes the timing relationships
existing between the various service components at the User-
ATM Adaptation Layer interface and modifies the existing
synchronization techniques, not only to eliminate the intra-
channel defay jitter, but also to regenerate the initial inter-
channel timing relations. As an example, the siereoscopic im-
aging service is examined, the synchronization problems aris-
ing when it is transmitted through an ATM nctwork arce dis-
cussed and the results of the application of the proposed meth-

od in constant bit rate services are presentéd.
LINTRODUCTION

One of the most important characteristics of Broadband
ISDN is that the used switching technique. the Asynchronous
Transfer Mode-ATM, can handle effectively the requirements
of different services, usually with different traffic characteris-
tics. Such services are: bulk data, voice, standard quality vid-
eo. multimedia services etc. [1]. [tis expected that in the near
future, the development and expansion of the multimedia us-
age will speed up the B-ISDN evolution. Multimedia services
arc composed of various service components like video, audio,
dataetc. and theircomponents require different Quality of Ser-
vice (QOS) parameters when they are transmitted through the
communication subsytem and generate traffic with different
bit rates. Most of these components are of synchronous type
since they require intra-component synchronization at the re-
ceiverside in order to eliminate the delay jitter imposed during
transmission. For these reasons, various synchronization tech-
niques have been developed so far, like measuring the filling
level of a buffer at the receiver, and by using time stamps (1],
{21, [3]. Another type of synchronization, the inter-channe! or
inter-media synchronization, is required between the various

components of a multimedia service to coordinate their order-
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ing in the time domain and various techniques addressing this
problem have been proposed uptonow [4]. In this work, a type
of multimedia service, the stereoscopic imaging service, isex-
amined and its synchronization problems during transmission
in an ATM network are concerned.

The image produced by a stereoscopic camera is pro-
cessed by a stereoscopic codec and two separate video data
streams are produced: the primary and the alternate stream.
The primary stream s coded as stand alone and contains the in-
formation of the left camera channel, while the alternate data
stream contains information of the right channel coded with
motion and disparity compensation (5]. These two data
eams arc transiniiicd over an ATM network and the stereo-
scopic decoder must be supplied with the respective data
streams having their initial time relation. The information
transmission is carried out using different virtual communica-
tionchannels foreach data streamand a synchronization meth-
od must be used for inter-channel timing recovery.

In this paper, an inter-channel synchronization method is
presented. This method can be used for the recovery of the ini-
tial timing relations of the two synchronous traffic streams at
the User-AAL interface. The implementability of the proposed
method ts examined from the communication point of view
and some experimental results on a Constant Bit Rate (CBR)
multimedia service are presented. The transmission of stereo-
scopic imaging can be used as a special case of a multimedia
service since the primary data stream is compatible to and can
be used with monoscopic codecs for 2D image presentation
while the alternate data stream is useful only with the presenta-
tion, of the primary stream. The same holds with the timing in-
formation used by the ATM Adaptation entities of the pro-
posed method.

In Section I1, the initial problem is described using the in-
formation generated by a stereoscopic imaging service and the
problem is generalized. The proposed method is described in
Section III, where the method’s adaptability to various syn-
chronization techniques is discussed. The experimental results
of the application of the proposed method to a muitimedia ser-

vice with CBR streams are presented in Section [V,
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. The Synchronization Problem

The problem of synchronization is adressed in various
levels in digital communications networks and the success of
solving these timing problems influence the network perfor-
mance and the quality of services offered by the network [6].
Synchronization starts from the bit level where the clock of an
incoming bit strcam is extracted, up to the user level where ap-
plication timing must be provided. The simplest synchroniza-
tion problem is to adjust a FIFO outputclock to the frequency
variations of the input clock (Fig. 1a) for avoiding the appear-
ance of the stip mechanism [6]. When the synchronous service
data are transmitted through a point-to-point connection, the
transmission clock variations must also be taken into account
(Fig. 1b). At a higher level on the network structure, the syn-
chronization is related with the absorption of jitter introduced
by the network characteristics (buffering, statistical multiplex-
ing etc). For a single synchronous service the synchronization
problem becomes more complicated when this network delay
jitter has to be removed close to the network interface. Atthere-
ceivingend, the initial inter-channel timing relations have been
lost and a FIFO buffer with a timing recovgry mechanism is
usually used (Fig. 1c).

In the ATM environment, a crucial problem is how to re-
synchronize the decoder to the encoder clock for eliminating
the network delay jitter due to the statistical multiplexing [73.
The introduction of multimedia services to the network envi-
ronment altered also the synchronization concept since a new
type of synchronization must be achieved. Thisis torecover the
initial timing relationship between different data streams ofa
muitimedia service. The stereoscopic imaging service is consi-
dered to be a multimedia service since itcombines synchronous
and asynchronous data streams with strict inter-stream timing
relationships.

A stereoscopic encoder generates two seperate video data
streams: the primary channel which contains the left channel
and the alternate channel which contains therightchannel cod-
ed with motion and disparity compensation {5]. The right chan-
nel reconstruction can be performed by processing both data
streamns, while the stand-alone coded primary channel is the on-
ly requirement for the left channel reproduction.

There are three options for bit rate allocation to the pri-
mary and the alternate channels:

i)  Use of constant bit rate for both channels,

ii) The total bitrate must remain constant, while variable bit
rate is generated in each of the two channels and

iiiy The total and the specific bit rates are vanable.
When a multimedia service is transmitted through an

ATM network, there are two options concerning the virtual
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Fig. 1. The synchronization problem approaches

channel allocation. First, to multipiex the two data streams at
the uscr tevel and use only one virtual channel and second, to
use different virtual channels for better QOS support, having
the drawback of increasing the complexity of the ATM Adapta-
tion Layer (AAL). From the communication point of view, the
Convergence Sublayer (CS) of AAL is of main concern. The
AAL is service specific and enhances the communication ser-
vices provided by the ATM layer to the requirements of the sup-
ported data stream. It is mainly used to map the user data stream
into the information field of the ATM cells and provides servi-
ces like error handling, timing control etc. Among other func-
tions, the CS handles the delay jitter introduced by the network
using synchronization techniques to transfer timing informa-
tion between source and destination.

When the various components of amultimedia service are
supported separately by the communication subsystem, they
are processed independently, following the QOS parameters
determined during connection set-up. The CS-entities of each
connection generate the respective timing control and theclock
is reconstructed at each CS-entity. Following such a method,
the internal synchronization at each multimedia component is
performed at the decoder side.

Itis obvious that the independence of the various channels

B-1SDN
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Fig. 2. The stereoscopic imaging service over B-ISDN



at the communication system makes the system more flexible
and simpler but one of the basic characteristics of a multimedia
service is not exploited. That is the initial inter-channel syn-
chronization, which is lost after the data reception in the
ATM Adaptation Layer at the User Network Interface (UNI).
The information flow of such aservice over the B-ISDN archi-
tecture is shown in Figure 2. In services like the stereoscopic
image, where the primary data streamcan be used as synchroni-
zation reference, a modification of the CS structure must be
donc inorderto include the inter-channel timing informationin
the used time cantrol method of the various virtual channcls

which correspond to the same multimedia service.
III. The Inter-channel Synchronization Method

The basic method for synchronizing constant bit rate ser-
vicesin ATM networks has been described in {2] while for vani-
able bit rate services, a solution to the synchronization problem
has been proposed in [8]. For CBR services, the PLL control
using the receiver's buffer filling level is adequate, but the use
of time stamps., which are not influenced by the bitrate fluctua-
tions, is a must concerning VBR services.

The interconnetion at the User-AAL interface for the
same data stream is plesiochronous since both parts (the trans-
mitter and the receiver) user the same nominal bit rate but their
actual values differ in certain limits. In Fig. 3a, the f and fpare

plesiochronous but the relation of fyz and fg must be considered
asynchronous. The {g denotes the rate of the incoming traffic

at the receiving buffer and is the result of the statistical multi-

plexing of f1 with the other network services. The influence of

the statistical multiplexing iseliminated using a PLL for modif-
ing the output frequency (f,), in order to filter the delay jitter de-

viation. The proper selection of the buffer size and the PLL par-
ameters according to the traffic characteristics can absorb the
delay fluctuation. The example in Fig. 3a shows two initially
time correiated data streams which use two different virtual cir-
cuits in the network. At the receiver side a PLL is used in each
stream to recover the respective’s transmitter clock but the ini-
tial phase relation of the two data streams is not reestablished.
For this reason, anew synchronization approach is proposed to
be used in the receiver side, as itis shown in Fig. 3b. Onc of the
two data streams is considered to be the primary channel while
the other is called alternate and includes complementary infor-
mation to the primary one. This is the case in most muitiple-
stream services. like the stereoscopic imaging, as it was ex-
plained previously. The proposed method is called inter-chan-
nel synchronization since it can regenerate the initial inter-
channeltiming relations at the receiver side. The PLL atthe pni-

mary channel operates as a stand-alone unit for timing recov-

)
N3

Channel #1 fo
i - - i —
( 1 4
L’ ‘__) Network &—_"
Delay
Channei #2 G
fr fxr v (\;im:: —
) \ = ¢
L’ Network !
Delay i i
ere—)
(a)
Channci #} g
L’ ‘—) Network L’ _—a ¢
Dclay _ '
Channei#2 ‘_ ! fr
& fer ta T =
_ ol ¢
Network
: 1 Dclay ®
el

Fig. 3. The timing model of two multimedia data strcams:
(a) when no inter-channel synchronization is used and (b) when
the inter-channel synchronization method in different virtual

circuits is used.

eryatthischannel and generates an output signal, the phase cor-
rection signal, indicating the variation of the output frequency,
from its initial value. At the alternate channel, the PLL uses
three parameters to determine the actual output frequency: the
receiver'sinitial frequency for this channel, the value of the es-
timated transmiter's frequency and the phase correction signal
from the primary channel. In this case the PLL is used to pre-
serve the same frequency variance at both stcams from their
nominal values.

When the buffer filling level method is used, the primary
PLL cstimates its length variation from the target filling level
and sends this information to the alternate PLL. The alternate
PLL uses this information in the frequency shift procedure in
order to achieve the same filling level variation instead of ap-
proaching its initial target filling level. The PLLs" structure at
the receiving node for two time-correlated virtual channels is
shown in Figure 4. The buffer filling level counter accepts
‘write - W' or 'cell loss detection - CL' pulses for incrementing
its value, while a 'read - R puise is used for cach byte accepted
by the User level. The Length Comparator of the primary chan-
nel estimates also the filling level deviation and controls the
‘Limit Adjustment' unit of the alternate channel. The function
of the generated frequency depends on the target buffer filling
level of the respective buffer according to the relations of Fig-
ure 5. The frequency of the primary PLL is given by the follow-

ing equation:
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Fig. 4. The structure of PLLs at the receiving node using the

inter-channel synchronization method.
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while the frequency of the alternate PLL is equal to:

f:
L
fr-kdf OS}»<5.(1+dev]-dL
fr+ % . (X -%.(1+dev)) %.(Hdevl- dL <A S—Ii.{l«rdev} +dL
fp+k.df %—.(1+dev)+dL<ksL
given that:
L:  the total buffer length,
A: the buffer filling level,
fg:  the nominal output bit rate,
k.df: the maximum frequency deviation and
dev: 1-2. ML,

These values are determined independently inecach PLL using

the nominal bit rate of the supported service.
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Fig. 5 The frequency response of the two PLLs at (a) the
primary channel and (b) the aiternate channel.

The proposed method can be easily implemented in the
Convergence Sublayer (CS) of AAL, where the User-AAL in-
terface buffer is placed. The method requires a new CS struc-
ture which mustallow information exchange between CS-enti-
ties in the same system, probably using the management plane.
During connection set-up, one CS-entity becomes the master
entity of acluster of entities which supports the same multime-
dia service. The other CS-entities of this cluster behave like
slave-entities in the following notion: The master CS-entity
generates the local clock using the timing information of its vir-
tual channel, but also provides timing information to the slave
CS-entities. Using this method, the regenerated data streams at
the AAL interface have their initial timing relation and can be
more easily used by the decoder for generation of the initial
multimedia service. When the buffer filling level method is
used, the inherent cell error rate of the network must be taken
into account, otherwise a permanent error may be introduced.
A cell loss introduces an error in the frequency estimation pro-
cedure since it acts like noise in the filling level/frequency
function. This type of error can be characterized as additive be-
cause itadds a pcrmancnterroneous offsctatthe frequency esti-
mation. In the case ot highcell error rate at the primary channel,

the inter-channel synchronization method will fail whennocell
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versus the buffer length at the receiving side.

loss compensation is used. A solution to this problem is to use

the cell sequence numbering at the Segmentation and Reas-

sembly Sublayer (SAR) of AAL, so that, when agell foss is de-
tected, the filling level indicating counter at CS is incremented
(the buffer's actual write pointer is not affected) and the cell
loss has no influence at the inter-channel synchronization pro-
cedure.

In the next section, some experimental results for con-
stant bit rate services are presented and the performance of the

proposed method is analysed.
IV. Experimental Results on CBR Services

For analyzing the performance of the proposed method,
constant bit rate has been allocated to both channels. The bit
rate of the primary channel has been set to 8 Mbits/sec while
the alternate channel has 2 Mbits/sec data rate. The data are
rransmitted using 47 bytes of the ATM cell payload. In the re-
ceiving side, data delivery begins when half of the respective
buffer is full. For the network delay jitter characteristics, the
assumptions of [7] have been used. The cell inter-arrival jitter
has a Gaussian distribution
and for 80% network load, its maximum range is 250 psec.
The method has been tested under various traffic conditions
and for various system configurations. The results presentedin
the following discussion determine how the performance of the
method is affected by:

- The total buffer length on the receiving side and
- The PLL frequency response.

Figure 6 shows the deviation of the inter-channel syn-

chronization versus the buffer length at the receiving node.

When the buffer length increases. the influence of the proposed
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Fig.7. The deviation of the inter-channel synchronization
versus the PLL frequency shift from its nominal value.
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Fig. 8. The deviation of the inter-channel synchronization
versus the ratio of the PLL length deviation to the total buffer

length.

method decreases since the buffer absorbs the traffic fluctua-
tions more easily. The inter-channel synchronization method
can be used in order to decrease the receiver’s buffer length
when a specific deviation of the inter-channel jitter must be
achieved. The influence of the PLL frequency shift to the jitter
deviation is shown in Figure 7. The PLL frequency is deter-
mined according to the function depicted in Figure 5. The slope
of this function is cqual to k.df/dL.. When a greater deviation is
allowed tothe PLL frequency and the length limits remaincon-

stant. the jitter deviation increases. When the length deviation
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Fig. 8. Thedistribution ofthe inter-channel synchronization
jitter for (a) the simple case and (b) the proposed method.

increases and the frequency arearemains constant, the jitterde-
viation decreases. In both cases, when the PLL is very sensi-
tive to the buffer length changes, the performance of the pro-
posed method decreases. Finally, the distribution of the inter-
channel synchronization jitter is shown in Figure 9. Using in-
ter-channel synchronization, the jitter is concentrated near zc-

ro, while in the simple case, it is spread in a wider area.

Y. Conclusions

An inter-channel synchronization method at the User-
ATM Adaptation Layerinterface of B-ISDN network has been
presented in this paper. The proposed method exploits the tim-
ing relations of the various service components at this interface
and modifies existing synchronization techniques for regener-

ation of the initial inter-channel timing.

The proposed method has been applied on the 'buffer fill-
ing level’ PLL control method for supporting constant bit rate
services. Forexperimental purposes, the constant bit rate allo-
cation to both channels of a stereoscopic imaging service was
considered and as the results show the use of the proposed
method improve the inter-channel synchronization. The re-
ceiver’s buffer length and the PLL timing characteristics are
the critical parameters and their proper selection will deter-
mine the method’s implementability.
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