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ABSTRACT

The arrangement of I-picture starting times of multiplexed variable bit rate (VBR) MPEG videos may
significantly affect the cell loss ratio (CLR) characteristics of the multiplexed traffic. This paper presents
an efficient I-picture arrangement method which can minimize the CLR of the multiplexed traffic when
multiple VBR MPEG videos are multiplexed onto a single constant bit rate link. In the proposed method,
we use the probability that the arrival rate exceeds the link capacity as the measure for the CLR of the
multiplexed traffic. Simulation results show that the proposed method can find more optimal arrangement
than existing methods in respect of the CLR.
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| . Introduction

When multimedia consisting of voice, video,
and data is transmitted over a network, video
traffic consumes most of the bandwidth, and
also requires a high level of quality of service
(QoS) guarantee from the network. In order to
reduce the bandwidth requirement and main
tain the constant video qualities, therefore,
VBR video compression is used. VBR video
compression and transmission over networks
offer good link utilization with statistical
multiplexing which is a mechanism for reduci
ng the bandwidth requirement of bursty and
VBR traffic sources [1,2].

MPEG has been the most popular video
compression scheme for providing multimedia
applications. The MPEG video traffic is comp
rised of three picture types (I, P-, and
B-pictures) which generate different periodic
traffic patterns depending on the GOP (group
of pictures) structure. Also, I-pictures genera
te significantly larger traffic than other
pictures, and hence the pattern of MPEG
video traffic periodically shows distinguishable
peaks at the time of I-picture. Thus, when

several MPEG videos are multiplexed, the
arrangement of I-pictures may significantly
affect the cell loss ratio (CLR) of the

multiplexed traffic {3,4]. That is, even for the
same number of MPEG videos connected to a
link, the CLR characteristics may become
different according to the arrangement of
I-picture starting times of individual sources,
which is called the periodic peak position
effect [4]. The periodic peak position effect
may be reduced to some degree by using
standard traffic control schemes. One of the
most promising ways used in much of the
previous works is traffic smoothing (or traffic
shaping) [5,6]. Basically, traffic smoothing
techniques aim at reducing the variability of
the traffic on a source-by-source basis. Thus,
unless the I-picture starting times of individu

al sources are directly controlled, the periodic
peak position effect still remains. An I-picture
arrangement method is a scheme that can ma

nipulate the I-picture starting time of each
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source and then reduce the CLR of the muitip
lexed traffic.

In this paper, we propose an efficient [-picture
arrangement method that can minimize the CLR
of the multiplexed traffic for the multiple MPEG
video transmission system. In the proposed
method, we use the probability that the arrival
rate exceeds the link capacity as the measure for
the CLR of the multiplexed traffic.

This paper is organized as follows. In Section
I, the VBR MPEG video source model used in
this paper is described. In Section M, we
propose an efficient I-picture arrangement
method which is derived from the intensive
investigations on the relationship between sta
rting time arrangement and the CLR. In Secti
on [V, we illustrate the experimental results
of the proposed and existing methods. Finally,
the conclusion remarks are presented in Sec
tion V.

il Traffic model for multiplexed MPEG
videos

In this section, we first propose a traffic
model for a single VBR MPEG video source.
Then, the traffic model for the multiplexed
VBR MPEG videos is proposed by using the
individual source models.
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Figure 1. Multiple MPEG video transmission system
with p sources and link capacity C

Fig. 1 illustrates the multiplexer system
under consideration where p video sources are
served by an ATM multiplexer with output link
capacity C. We assume that the video source
uniformly transmits cells generated for one

picture over one picture period.
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Figure 2. Single MPEG source model.

In the VBR MPEG video, each picture type

(I, P-and B-pictures) appears periodically
according to the GOP structure. The GOP
structure is specified by two parameters

(N, M), where N is the distance between two
successive [-pictures and A/ is the distance

between I- and subsequent P-pictures or two
successive P-pictures. Because of this perio

dic pattern, the VBR MPEG video traffic has
complicated statistical characteristics in its
whole sequence. However, the statistical char
acteristics of a subsequence with only the
same picture type are similar to those of
non-MPEG-type VBR video traffic[3].

Therefore, the subsequence with the same
picture type can be modeled in the traditional
manner for non-MPEG-type video traffic. To
model the subsequence of each picture type,
we use the arrival rate histogram model [7],
where the arrival rate is the number of cells
generated for one picture divided by the
picture period which is a reciprocal of the
picture rate. Since the VBR MPEG video is a
sequence of three picture types, it is modeled
by a sequence of arrival rate histograms of
three picture types according to its GOP
structure. Fig. 2 shows a single source model
which is a sequence with the three arrival
rate histograms, where A, is the arrival rate of
the kth histogram bin of the I-, P-, or B-picture
type.

The traffic model of the multiplexed VBR
MPEG videos is obtained from the individual
MPEG video source models as follows: Fig. 3
shows an example where heterogeneous p VBR
MPEG video sources are multiplexed. It is
obvious that the multiplexed traffic of the
periodic sources is also periodic. The period of

L=LCM(L,, Ly, ..., L, ) the multiplexed traffic
is
, where represents the least common multip le

and LCM L, de
notes the period of the GOP of the kth source.

The number of histograms of the mul tiplexed
traffic depends on the arrangement of the
I-pictures and the GOP structures of indi

vidual sources. Let t,  be the starting time of

the mth picture of the kth source.
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Figure3. Multiplexed traffic with heterogeneous p
MPEG video sources.

The nth phase is defined as the nth interval
when the ¢, ‘s are arranged in time within Z. If
the number of phases is A4, the multiplexed
traffic can be modeled by A/ different arrival
rate histograms. Let the random variables X
and X, represent the arrival rate of the kth
source for [t, .. t. .+;) and the arrival rate of
the multiplexed traffic for [¢,,t,.,), respectively,
where t, is the starting time of the nth phase.
Since the arrival rate of the multiplexed traffic is

the sum of the arrival rates of individual
sources, X, is given by
X, = X @

{(kom Nt S8 tnss 2 bt }
Therefore, the histogram of X, can be dire

ctly calculated by convolving the histograms
of X, .'s.
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Il. I-picture arrangement method

In this section, we present a new I-picture
arrangement method where the probability
that the arrival rate exceeds the link capacity,
Py, is used as the measure for the CLR. Using
the traffic model presented in the previous
section, we can determine P as follows:

P, =
2)
M-1 B
zunﬂ—tn)g( = O P(X, =)
= M- = B
Z n+1" n )‘ ( :/\n,i)

= 1=

where )\, ; and B, respectively, are the arrival
rate of the jth histogram bin and the number of
histogram bins of X, and s" =maz{0,s}.

To investigate the relationship between Fp
and the CLR, we obtain the CLR through
computer simulation using some MPEG video
sequences [8] as follows: In this simulation, the
traffic intensity (p) is set to 0.6, buffer size (X) is
100 cells, and the number of multiplexed sources
(p) is varied. I-picture starting times of
individual sources are arranged in the following
way. When p MPEG videos are multiplexed, the
I-picture starting times of (p-1) sources called the
existing sources are randomly distributed within
the range [0,L). The I-picture starting time of
the pth source called the incoming source is
varied within the range [0, L).
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Figure 4. CLR versus £ curves :
and (c) p=8.

(a) p=2, (b) p=5

Fig. 4 illustrates P, determined using (2) and
computer simulation results of CLR where ¢,
represents the I-picture starting time of the
incoming source and 7 is the reciprocal of the
picture rate. In Fig. 4, it is seen that the CLR
curves are similar to the F; curves and that the
smallest CLR appears at ¢, with the smallest P;.
Also, note that the CLR tends to decrease as t, is
far from t, with the largest P;. Therefore, in the
proposed method, we select the I-picture starting
time of the incoming source at t, with the
smallest F;. If the smallest P, appears at more
than one position, we select the farthest one
from t, with the largest P, among t,s with the
smallest P;. Thus, the proposed algorithm can

be formulated as follows: Let ¢ and ¢

min max’

respectively, be the sets of t,’s with the smallest
P, and the largest P;, and t™" and ¢,
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respectively, be the ith elements of 7. and

min
T,

max- Also, we define the distance between two

points ¢, and ¢, as

d(ty, ty) =min{(t, t2),(t2+L—t1)}

&)

where ¢, > t,. Then, we select the smallest one

min

among the distances between ¢"'" and elements

in T = {tjlj= } which is given

max

by
di — min d (t;niu’ t}nax )
1 €< Noa
@
where /V___ is the number of elements in7T’

max max

Among the elements in 7. = {tM"i = 1,.
N}, of the

incoming source is determined by ¢, = ™"

the I-picture starting time ¢,

where d, =max, <; <y d;. Here, N, is the

min

number of elements in 7}, .

IV. Experimental results

For experiments, we use the MPEG coded
video sequences obtained from [8]. Table 1
shows main statistics of the used sequences. The
GOP parameters (/V,M) of all the video
sequences are (12,3) and the picture rates are 30
pictures/s. It is assumed that the payload of an
ATM cell consists of 48 bytes of the data.

Table 1. Main statistics of sequences used in
experiments

Pictures GOP's
Sequence Mean Peak/ Mean Peak/
(cells) Mean (cells) Mean
Starwars 24.74 13.18 296.83 3.96
Dino 34.55 9.03 414.56 396
Asterix 58.69 6.54 704.25 4.00
Atp 57.49 8.66 639.91 2.98

For the analysis of the proposed I-picture

arrangement method, each MPEG video source is
modeled by the three arrival rate histograms for
I, P-, and B-pictures. In the arrival rate

histogram model, the number of bins of the
arrival rate histogram affects the performance
accuracy as well as the computational
complexity. Through extensive simulations, we
have found that eight bins are sufficient in
modeling each picture type of MPEG video.
Further increasing the number of bins does not
result in a significant change in the I-picture
arrangement. For the multiplexed traffic, we
have also found that 20 bins are sufficient to
model each phase. Fig. 5 shows the CLR as a
function of the number of sources when traffic
intensity is 0.8 and buffer size is 100 cells. Three
[-picture arrangement methods are compared: (i)
the random arrangement method where the
I-picture starting times are randomly distributed
over the range [0, L); (ii) the Krunz method [3]
which can minimize the peak cell rate of the
multiplexed traffic; (iii) the proposed method.
From Fig. 5, we observe that when the traffic
intensity is constant, the CLR decreases as the
number of multiplexed sources increases. That is,
the more the number of multiplexed sources, the
better the CLR performance. Also, it is seen that
the proposed method produces the least CLR
among the three different arrangement methods
regardless of the number of multiplexed sources.
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Figure 5. CLR characteristics as a function of the number

of sources for K=100 and p=0.8.
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Figure 6. CLR characteristics as a function of traffic
intensity for A=100 and p=5.
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Fig. 6 shows the results on CLR for the traffic
intensity when the number of sources is 5 and
the buffer size is 100 cells. It is shown that the
proposed method outperforms the Krunz method
all regions. Also, note that as the traffic intensity
decreases, the difference between the proposed
method and the Krunz method increases.

V. Conclusions

The arrangement of I-picture starting times
of multiplexed VBR MPEG videos may
significantly affect the CLR characteristics of
the multiplexed traffic. In this paper, we
investigated the effects of the I-picture
starting time arrangement of the multiplexed
VBR MPEG videos to the CLR performances.
We then proposed a starting time arrangement
method for an incoming source that can minimi
ze the CLR of the multiplexed traffic including
the incoming source itself without adjusting the
starting times of existing VBR MPEG videos. The
proposed method can be applied to multiplexing
MPEG video sources regardless of the GOP
structures and the picture rates of individual
sources, while the existing method like the
Krunz method can be applied to only
homogeneous sources. Experimental results show
that the proposed method can find more optimal
arrangement than existing methods in respect of
the CLR. The proposed I-picture arrangement
method can be effectively used for the multiple
MPEG video transmission system such as
video-on-demand (VOD) and mobile multimedia
systems where it is possible to know the
arrangement of the actual starting times of
existing sources and arrange the starting time of
the incoming source.
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