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Abstract

To guarantee quality of service (QoS), the re-
quiremeants of wdeo lransmission, such as delay
and cell oss rate (CLR), are very stringent. These
constratuts are difficult to meet if high network
witilization 4s desired. In this paper, dynamic hand-
widlh allocation algorithms, in which scene change
tdentification is incorporaied, arc proposed to im-
prove the bondwidth wiilization. The handuidth ol
located for each scene is bnsed on the maximum
and mean bandwidth of the scene. When a scene
change is identificd, ¢ new negotintion process is
triggered, and the bandwidth is reallocated.

1. Introduction

The main design objectives of emerging broad-
band networks is to provisioning high speed trans-
missions for a wide range of qualily of services.
Video is becoming the major component of broad-
band network traftic, and therefore, an efficient
video tralfic transmission mechanism is important
to network operators. Bit sireams of video traflic
produced by a codec are naturally VBR (variable
bit rate). For example, the ratio of the peak-to-
average bil rate may he as large as 12 for the Star
Wars video sequence. It is very difficull to mect
the QoS parameters (such as delay and cell loss
ratio) of such kind of traflic while keeping high
network utilization.

There is a trade-off between provisioning video
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transmission over constant bit rate (CI3R) service
and variable bit rate (VBR} scrvice, namely, comn-
plexily versus QoS. Transmission over CBR re-
quires less complex network management but at
the cost of varying video quality and network offi-
ciency while that over VBR can provide Qo8 but
at the cost of inore complex network mauagenient.

Dynamic bandwidth allocation approach (or
Renegotiated Constant Bit Rate) is an alterna-
tive for improving nelwork ulilization, allowing
users to dynamically reserve or adjust network re-
sources. When there is not coongh reserved re-
gource for the user to Lransmit its trallic, a renego-
tiation is inttiated to ask for more. If the reserved
resource is more than enough, some bandwidth
can be released. In such a way, nelwork utiliza-
tion can be improved significantly.

One major class of dynamic regource man-
agement algorithins is based on parameter mea-
surements. Several measurement based dynamic
bandwidth allocation algorithms, which initiate
their renegotiation processcs based on the actual
measutement of the cell loss ratio {CLR) or user
parameters {UPs), have been proposed [5]{2].

In [2], the CLR was calculated up to the current
period, and the service rate for the next period was
adjusted based on the current CLLR. Owing to the
difficulty for assessing the CLIU on line and the
indlirect relationship of the current CLR and UD
with the future bandwidth requircments, these ap-
proaches arc not effective enough to enhance QoS
and improve network usilization. Another major
clags of algorithms are bascd on prediction tech-



niques. User paramceters or bif rates are predicted
on-line based ont the available informalion, and re-
sources are allocated based on the predicted re-
sults. It is important to predict these paramneters
accurately so that network resources can be used
efliciently.

In [4], the UPs, such as peak rate, sustain rate,
adjusted for every GOI* (group of picture).
UPs can be inherently inaccurate because they
were calenlated from previous GOPs. To reduce
the buffer size, the source gnantization step was
adjusted on line. The drawback of this algorithm
is that the user paramecters (peak rate, sustaln
rate, and bursty length) need to be renegotiated
for each GO, which is a big burden to network
management.

Adas [1] proposed to nse adaptive linear predic-
tion {o support dynamic handwidth rcallocation.
It was claimed that by predicting the average bit
rate of the next GO and allocating bandwidth
based on the predicted results, the network uti-
lization can be improved by a factor of 1.9-3.0 [1},
Since the bit rate varialion is very high, it is very
difficult to predict the average bit rate for the next
GOP accurately, and the prediction error can be
very large. The number of renegotiation needed is
also very large.

All these bandwidth allocation algorithins mea-
sure or predict parameters on the line. The source
information, or e priori informalion, is not cx-
ploited. For video, the source information is avail-
able (o the network, and it can help to ease net-
work management. Based on the belief that source
information should be used to manage nelwork re-
souree, a new alporithm, in which a rencgotiation
process is initiated only when a scene change oc-
curs, is proposed here. It is applicable fo pre-
recorded video. It is well known that bit rate
chanpes dramatically only when scene chanpe oc-
curs, and thus, renegotiation is neccssary only at
that time. Intuitively, the renegotiation frequency
should be lower compared with those proposed
in [1][4). The CLR is guaranteed to be zero if
the maximum bandwidth for every scene can be
satisfied.

were

The paper is organized as follows. Section 2
introduces the method to identily seene changes.
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Section 3 deseribes the bandwidih allocation algo-
rithm baged on geene change identifieation. The
method to improve bandwidih atilization is pro-
posed in Section 4. Simulation results ave also pre-
sented for respective proposed algorithms in these
sections,

2. Scene Change Identification

A representative portion of an cinpirical video
irace is plotted in Fig. 1. The vertical axis repre-
sents the munber of bits per frame, and the hor-
irontal axis represents the corvesponcing frames.
It is clear tliat the data record appears to be com-
posed of stationary scgments. The average bit
rate of cach sogment changes abruptly from one
sepment to another, Visually, these abrnpt tran-
sitions coincide with scene changes [3].

To deteet. scene changes in the empirical trace,
the algovithm introduced in [3] is adopted. A scenc
change is declared if the change of the number
of bits between successive frames exceeds cortain
throshold in a sustained manner. Denote X, as
the number of bits in the nth frame, and J,,;, the
threshold. Define J, as:

L[ Xy — Xaoal > Tmins

J, = .
o 0 otherwise.

(1)
The indicator [unction for the nth frame is then
given by

'?rf Jn —_ J'!‘]ﬂ—‘ }é ].,
'In-—Q _/'L l, Tty Jn—f,m.'n ?é 1
0 otherwise,

1

Sp = (2)

where L is the minimum seene length in
frames. The frame whose indicator function is
one corresponds to a scene change. [t was empiri-
cally determined [3] that for the Star Wars video,
Jmin = 5000, and L,z = 2.

3. Dynamic Bandwidth Allocation Based
on Scene Changes

For MPPEG coded video movies, the ratio of
peak to average rate may vary significantly from
segment lo segnent.  [f CBR service is used to



transmit MPEG video traflie, it is difficult to guar-
antec QoS while keeping bandwidth utilization
high. For instance, network utilization will be low
if the bandwidth is allocated to a value equal to
the peak rate, while the delay or the CLR will be
high if average bit rate is allocated.,

It is intuitive that the bit rate does not vary
much during a scene, as shown in IFig. 1, and
henes, low CLR, small delay, and high nct-
work utilization can be expected. Based on bhis
premise, the following dynamic bandwidth alloca-
tion algorithm is proposed:

L. Identify the scene change.

2. If scene change occurs, determine the maxi-
mum bandwidth needed (which can be found

in advance for stored video).

Initiate a negotiation process for the maxi-
mum bandwidth for 1his scene,

4. Go to Step L.

The maximum bandwidth for every scenc should
be determined and stored beforehand. During the
retrieval process, if a scene change is detected, the
maximum bandwidth for the new scene can be
read and the bandwidth can be allocated for this
scene.

Let € be the maximum number of bits that
can be transmitted by the channcl, and M be the
total number of bits transmitted. The bandwidth
utilization factor is defined as:

(3)

£ = ol
For the Star Wars video, if peak hit rate is used
in CBR service, the utilization factor is 0.0842.
Using the proposed method, the utilization factor
becomes (L1962 (an improvement by a factor of
2.3). Compared with the methods proposed by
Reininger et al.[4] and Adas [1], owr method can
achieve a reduction of the renegotiation frequency
by a factor of 7 with zero CLR and no delay .

'Since [4] and [1] arc based on prediction, zero CLI ean
hardly be achieved unless very targe buller is used.
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4. Improving Bandwidth Utilization

The algorithm introduced above achicves zero
CLR at the expense of bandwidth utilization.
The bandwidth utilization can be improved with
buffer. To improve network utilization, the follow-
ing procedure is proposed.

1. Identify the scene change.

2. If scene change occurs, determine the mean

handwidth B of this scene.

. Initiate o negotiation process to acquire band-
width SB for this scene, where 3 > 1 18 a
constant,

4. Go to Step L.

The average bandwidth for each scene should be
determined off-time. For stored video traffic, it is
very casy to find the average bit rate of cach scene,
Supposc that the movie has N scenes. B; is the
mean frame size of the ith scene, and L; is the
number of frames in the ¢th scene. Then,

N
M — Z Li.Bi

(4)

i=1

N

C =5 pLB; (5)

=1

and N
M oYM oL o1 _
_ Liv—l (6)

¢ 2. BLB A
where M is the iolal namber ¢of bits of the movic,
and € is the maximum number of bits that the
souree can transmit. It is clear that the bandwidth
utilization is the reciprocal of £,

Video trace Star Wars® was used in onr sim-
ulaticns. The data file for the trace consists of
174,136 integers, whose values ave frame sizes (bits
per frame). The largest frame has 185267 bits, and
the smallest one has 476 hits. This 1s a good rep-
resentalive movie sequence for benchmark com-
parison, with scenes ranging from low complex-
ity /motion to high and very high actions.

*The MPEG-I coded data were the courtesy of
M.W.Garrett of Bellcore and M. Vetterli of UC Berkeloy.



In PFig. 2, the relationship between CLR and
huffer size is illnsgrated for different values of f.
The value of 7 vavies {rom 2 Lo 4, from top to bot-
tom, with a step sive of L5, When 3 is larger than
9, the CLR becomes zero for any buffer sise. The
curve al the top corresponds to # = 2. Compared
with OBR serviee, CLR can be reduced by an or-
der of 2-3 using onr proposed techniques with a
fixed buffer gize and handwidth utilization. Like-
wise, with fixed CLR and bandwidth utilization,
the buffer size can be reduced by a factor of 2-4,

5. Conclusions

Soveral dynamic bandwidth allocation algo-
rithms have been proposed for pre-recorded video,
Sitnulations demonsivate that bandwidth utiliza-
tion can he improved by a factor of 2 to 8, the
buffer size can be reduced by a factor of 2 to 4,
and the CLR can be reduced by an ovder of 2
lo 3. Zero CLRL with no delay can he achieved
while the network utilization can be improved by
a factor of 2.3. The proposcd algorithms can be
efficiently used for video delivering.
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Figure 1. Video traffic of Star Wars
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Figure 2, CLR versus buffer size under differ-
ent network utilization factors; /3 varies from
2 to 8 from top to bottom with a step size of

0.5.
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