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buffer and the mean playout rate. The optimal TH can then be
selected by trading off the rise in the probability of having an
empty buffer against the increase in the playout rate. In what
follows, the analytic model is given in detail.

Let p,-J denote the transition probability of the queue
occupancy altered from 1' to j frames, as seen by departure frames.
Thus, the queue occupancies at frame departing epoches form an
embedded Markov chain, as shown in Figure 2, with the state
transition probability matrix (P) given as

Po,o Po,i P0,: ’ ' ' Pow
Pm P1,: Pm ' ' ‘PM!

P = [Pu] = 172.0 P2.1 172,2 ' ' ‘ Pzgv - (1)
PN,o PN.1 PN,2 ' ' ‘ pN,N

To derive the steadywstate buffer size distribution, one has to
first determine p ,-J’ which is dependent on both the current state (1)
and the frame arrival process. The arrival is modelled by the
Poisson process. Let /I be the mean frame anival rate, and B,-(t) be
the service—time Cummulative Distribution Function (CDF)
when 1' customers are in the buffer. Then,
P5,; ‘‘

Iiififlwm,J i=0,i—1sj<N;

an -1 I I I . 'k.::N‘’—/C!(—)dB,(z), ; = 0, 1-1 s j = N;

e—/1 1(1)) ;—r+i

L
” mL  d3:(l).

00

O<isN,i—1_<_j<N;

tn -1 la, k—i+l ‘ ’ ‘k§N w,(t),0 < 1 s N, 1-1 s 1 = N;
, ' elsewhere.

Let i be the current number of frames in the buffer. Consider a
smoothing strategy in which the mean service rate is set to a
maximum value (it) when i exceeds the TH, and is set to

 ywhen 2' decreases below the TH. Suppose the service
time is exponentially distributed, i.e.,

Queue occupancy=0

Queue occupancy=l

PL P 1 P1,2 P1,: 171,,‘

Q) C 9 9

Queue occupancy=i 
Figure 2. State—tIansition diagram for queue occupancies.

1- e‘£“ri+)"’ i < TH‘7 7

1 — e""’, i 2 TH. (3)

Thus, p,-_,- can be obtained by applying Equation (3) to Equation (2)as

B.-(t) =

Ara . . .
 , l=0,l—1SJ<N;TH

I

hffiy i=Q0Sj=MTH

A}-_‘-+l_ min[TH,t'}
Pu =

(A + mm ‘I .“)’''+2
j—n‘+1

/1 . . .
—-—.—.-— , 0 < s N, -1 s = N;(1 +fl}f##) I I J

0, elsewhere.

With p,-J/s given in Equation (4), the stochastic equilibrium
distribution for the queue occupancies, H E [:ro,:r,, - - - JIN],
can be directly computed by solving the stationary equation,
17 = HP. In addition, the frame loss probability (pL), given the
buffer size of N, can be obtained as

15/+1 N—i+2

_ _ /I ” , ,1PL — no (A + TL”) +i§1:t,- (5)TH

Furthermore, the mean playout rate (F) can be formulated as

F ___ gm . min {TH,Tr;_i[ax{i,1}}#_ (6)i=0
 

2.2 Analytic Results

We have so far obtained the steady—state buffer size
distribution as a function of the TH. To optimize the TH, we
consider three variables: the probability ofhaving an empty buffer
(.710), the frame loss probability (p,), and the mean playout rate
(F). To analyze how the TH, 1:0, pL, and F are related, we
performed simulations on a system of buffer size = 100 frames,
frame size = 15K bytes, network access rate = 100 Mbps
(implying a slot time of 1.2 ms), and the maximal playout rate (p)
= 1/25 frames/slot—time (corresponding to a rate of 30 frames per
second).

In Figure 3, no decreases with the TH, as was expected. This
is because, the greater the TH is, the faster the playout rate
reduces, thus the smaller the probability of having an empty
buffer. We also observe that, for any given TH, 1:0 increases as the
mean arrival rate declines. Figure 4 unsurprisingly illustrates that
pL increases with the TH and Figure 5 demonstrates that the mean

playout rate decreases with the TH. This is because the larger the
TH, the faster the playout rate reduces. In addition, the figures also
show that both the frame loss probability and the mean playout
rate increase with the mean arrival rate.

On the whole, a larger TH which results in a smaller 1:0,
implies pausedless playout; whereas a smaller TH implies better
playout quality. In what follows, we present a paradigm of the
determination of approprite THs under various arrivals.
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2.3 Formal Description of Algorithm

We now formally present the playout smoothing algorithm

employed in the Video Smoother.
[Video Playout Smoothing Algorithm]

(1) Determine a suitable TH. Based on the analytic results
obtained from the previous subsection, a paradigm of the TH
determination can be constructed for each case of arrivals.

Tables 1 shows the paradigm for the Video Smoothers achieving
four different playout qualities under a given traffic characteristic

(zl=0.875pt).

(2) Determine the playout rate.
while (a frame to be playbacked) do _

if (the number of frames in the buffer 2 TH)
playout_rate = maximum_playout_rate;

else

playout_rate = Dynamic_reduced_rate(TH, i);
where the dynamic reduced rate can be selected according to
Equations (3).

[End of Algorithm]

3. Prototyping System and Results

The prototyping system (see Figure 6) was developed in Intel
80486 personal computers under the MS—Windows environment.

The prototyping system is composed of a teleconferencing
multimedia application using Intel Smart Video Recorder,
WinKing [11] and an Ethernet network. The WinKing package is

an implementation of TCP/IP including the API, called Winsock,
developed by Institute for Information Industry (III), Taiwan. In
particular, the Video Smoother was implemented as a part of

WinKing. The simulated frame arrivals are assumed to follow the

Poisson process with }.=0.875tt. According to the constructed
paradigm shown above, we employed an optimal TH of 7 for the
Video Smoothers to achieve the playout quality of 1co<1O'3,
p,_<l0‘6, and F>0.93p..

A motion picture (see Figure 7) was adopted to demonstrate

the viability of the Video Smoother. In the experiment, the film
was captured every 96 ms with and without the Video Smoother.
Figures 7(b) and (a) show a series of scenes taken from the film

with and without the Video Smoother, respectively. Without the
Video Smoother, part (a) of the figure reveals the playout

discontinuity problem. In particular, playout pauses occur in
a02—a03 and a10—a1l. By contrast, with the Video Smoother, as

shown in the part (b), the movements of the bus in Figure 7(b) are

much smoother than the ones in Figure 7(a), without delays.
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Figure 3. Effect of TH on no under various arrival rates.
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Figure 4. Effect of TH on PL under various arrival rates.
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Figure 5. Effect of TH on E under various arrival rates.
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Figure 6. Prototyping system architecture.
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Table 1. Recommended TH’s assuming Poisson arrivals
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