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Dynamic Rate Control for Continuous Media Transmission
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On continuous media transmission using compression techniques, a variable bit rate transmission
method is required to maintain the video frame rate at a constant. At the same time, user's Quality
of Service must be guaranteed even if packet loss and delay occur by CPU load deviation on the client
or server, and network traffic increase. In this paper, two variable bit rate transmission methods are
described when MPEG compressed video are used. We also introduce both a packet rate control method
to reduce the packet loss, and frame rate control method to maintain the frame rate constant under
dynamic load conditions. We implemented a prototyped Packet Audio/Video System(PAVS) to evaluate
performance of these rate control functions. Through the performance evaluation our PAVS performance
has demonstrated the usefulness of our suggested control methods.
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1 Introduction

In order to provide continuous media services,
such as Video-on-Demand over high speed networks,
a suitable QoS(Quality of Service) as requested by
the user has to be guaranteed by taking accont
of the characteristics of offered media data, the
processing capabilities and load deviations of both
client stations and video servers, and the available
network bandwidth and its traffic load. There-
fore, the system has to include mechanisms which
guarantee End-to-End QoS from the application
through network layers.

On the other hand, video compression techniques
such as MPEG(1], are efficient to store and trans-
mit over network to reduce amount of video data.
However, since the amount of data of each video
frame varies in time depending on the mation of the
video contents when the video compression meth-
ods used; a variable bit rate transmission is re-
quired to maintain the video frame rate constant.

At the same time, light and simple protocol such
as UDP, is expected to provide higher throughput
rather than reliable protocol such as TCP.

In this paper, we described two varibable bit
rate transmission method when MPEG video data
are used: 1) GoP(Group of Picture) transmission
method in which that transmits GoP of MPEG
video as an undivided whole. 2) Frame transmis-

sion method that discriminates each MPEG video
frames from a GoP respectively.

Also, due to packet loss and delay by increase of
CPU load at client station or video server, and net-
work traffic load changes, the video frame rate is
seriously influenced and droped. So we introduced
packet rate control method to reduce the packet
loss by adjusting the packet interval time and frame
rate control-method to maintain the frame rate at
a constant and keep the time constraint of contin-
uous media data by controlling transmitted frame
rate .on the server based on the feed back signal
sent by the client station. :

We implemented a prototyped Packet Audio/Vi-
deo System(PAVS) on FDDI and Ethernet to eval-
uate performance of these rate control functions.
And we compared temporal variation with and with-
out these suggested control methods through the
network traffic loads are dynamically changed. As
a result, when these control functions were intro-
duced, we could reduce packet loss rate under the
admmisible rate, maintained video frame at a con-
stant and keep the time constraint of the continu-
ous media data.

In the following section, we introduce a PAVS
architecture in section 2, In section 3, we intro-
duce two different variable bit rate transmission
methods for MPEG video. In section 4, a dynamic



rate control which contains packet rate control and
frame rate control is described. In section 5, the
prototype system for PAVS and its performance
evaluation are discussed.-

2 System Architecture

In order to realize dynamic rate control mecha-
nism on continuous media transmission service, we
introduce client/server model architechture based
on our PAVS three layers, synchronization, data
transform and media flow control layers between
the application and transport layers in the OSI ref-
erence model(Figure 1). This system architecture
contains the functions requred to smoothly provide
continuous media data to users and guarantee QoS
from the application through the network layer.
We have integrated these three layers into one layer
as the media coordinate system layer{4].
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Figure 1: System Architecture

The media coordinate system is furthermore ver-
tically divided into four planes: the user plane, the
control plane, the QoS maintenance plane and the
steream managemant plane, considering high speed
network, ATM and adopted QoS-A model of Lan-
caster university[3]. In the user plane, synchro-
nization function between different media, such as
audio and video, data transform function between
different media attributes, media flow control for
both constant and variable bit rate transmission
for continuous media are performed|[5]. In the con-
trol plane, connection establishment/release of the
media stream and QoS renegotiation and main-
tained. In the QoS maintenance plane, each entity
is responsible for the fine-grained monitoring and
maintenance of their associated protocol entities.
In the stream management plane, the most suit-
able QoS parameter values on each protocol layer
are determined according to the user's QoS require-
ments, characteriseics of the source media data,
output device attributes, and available computing
and network resources. We define these factors as
QoS decision factors, such as frame rate, synchro-

nization interval, packet interval and packet loss

rate.

Figure 2 shows the functional modules neces-
sary to realize the system architecture and our sug-
gested dynamic rate control functions.

Packet rate management module: the numbers
of packet to be transmitted on server or to be
received on client are managed.

Frame rate management module: actual frame
rate to be read from hard disk on server or to
be displayed on client are managed.

Stream manegement control module: CPU -
oads on client and. server, and traffic condi-
tion of network are periodically monitored and
feed back message between client and server,
is managed.

The detail of the dynamic rate control functions is

explained in the section 4.

3 Variable Bit Rate Control

In order to transmit and display both uncom-
pressed and compressed video frames, we introduce
two different variable bit rate methods including
Group of Picture(GoP) transmission method and
frame transmission method[6]. In both methods,
the packet length is assumed to be fixed although
the number of the packets in a time unit and the
time interval between the packets are controlled

.according to GoP or frame size.

In the case of GoP transmission method for the
MPEG video depicted in Figure 3 a), where one
GoP is consisted of 8 frames(1 I-frame, 2 P-frame
and 6 B-frames), the multiple packets equivalent
to one GoP are generated and transmitted. When
we define the time interval for a GoP as Taop[sec],
the number of the packet for a GoP as N, is the
number of the packet and data size of a GoP as
Lgop[bytes], and transmitted packet size as Ly,
then Ny = [Lgop/Lp] packets are generated at
video server and transmitted within Tg,p[sec] to
the client. Thus, constant frame rate with variable
data sizes can be attained by generating packets ac-
cording to the data size of each GoP within Tgop.
We define this as GoP transmission method. In
this method, since each GoP consisted of multiple
frames is regareded as a basic unit for transmis-
gion, not only packet overhead can be reduced, but
also the processing load of intra-frame and inter-
fame synchronizations can be simplified. However,
when one packet is lost, then the multiple frame
are influenced. o

On the other hand, in the case of the frame trans-
mission method as depicted in Figure 3 b), each
frame including I-frame, P-frame and B-frames on
each GoP is identified and the packets equivalent to
each frame are generated on the server and trans-
mitted to the client.

Those two methods individually have the follow-
ing characteristics:

The GoP transmission method: since MPEG
data can be packetized without considering
the type of frames in a GoP, the number of
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Figure 2: Functional Module Configuration and Flow of Rate Control

the packet generatedand their packet process-
ing can be reduced. On other hand, when the
packet is lost by increasing the CPU and net-
work traffic loads, a number of frames belong
to one GoP is lost.

The trame transmission method: since each

- frame in each GoP is identified and transmit-
ted individually, the number of the packets
generated increases, and the complicated pack-
et process on each control module must be im-
plemented. On the other hand, the influence
of the lost packet can be restricted within one
frame.

By conrolling the generation rate of the fixed
length packets depending on the amount of a GoP
or a frame data, variable bit rate transmission can
be attained.
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4 Dynamic Rate Control

Too much CPU load of the client stations or
video servers, and network traffic changes cause

packet loss, delay and jitter by packet buffer over-
flow of client/server or router, and eventually re-
duce the transmitted End-to-End Quality of Ser-
vice. In this research, we propose two dynamic
rate control methods adapted to the environment
corresponding to the conditions of the loads[7].

In packet rate control, inter-packet time inter-
val is controlled on the server to reduce the packet
loss rate under the admissible loss rate. In frame
rate control, transmitted frame rate is controled on
the server to maintain the frame rate at a constant
and keep the time constraint of continuous media

_ data. By combining the two rate control meth-

ods, audio/video quality can be guaranteed and
the video frame rate displayed on the client can be
maintained at a constant under various traffic load
conditions.

4.1 Packet Rate Control '
In order to reduce packet loss rate to within the
admissible loss rate when the CPU loads in both
client and server or network traffic load has be dy-
namically changed, packet interval, PI[msec], is

adjusted.
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In this system, when the packet loss rate, PLac:[%)],
for a measurement interval, T'[sec], is exceeded over
the admissible packet loss rate, PLadm[%], then
the packet interval, PI,-is immediately increased
based on the characteristic curve between the packet
interval and packet loss rate and dynamically con-
trolled to keep the condition PLgey < PLygm. Here,
the characteristic curve between the packet interval
and packet loss rate can be measured as a charac-
teristics curve as depicted in Figure 4.

4.2 Frame Rate Control

In order to normally display video data trans-
mitted from the server on the client station, the
frame rate by which the video source was initially
stored at the video server must be maintained dur-
ing video session and displayed on the client. How-
ever, in the case where the frame rate of the source
video cannot be attained at the client, then sub-
sampling of the frame has to be introduced to re-
duce the source frame rate before transmitting the
video data from the server.

The client frame rate controller in the QoS main-
tenance plane periodically monitors the real frame
rate FR,. to be displayed and compares it with
the set frame rate FR,.;. If the FR,. is smaller
than FR,.: for the interval T[sec], then the counter
value for rate difference status, Mi8scnt, is incre-
mented. When M388c,; exceeded a threshold, then
a rate control message to reduce the current frame
rate by AFR is sent from the client station to the
video server’s rate controller. The rate controller
at the video server then dynamically updates the
current frame rate based on the control message
by sub-sampling the source frame rate F R,,.. The
rate controller at the client station also updates the
set frame rate F'R,.: to the new value which has
been sent to it from the video server‘s frame rate -
controller. By periodically adjusting the set frame
rate, a constant rate is maintained.

5 Prototype and System Evaluation

In order to evaluate the usefulness of our sug-
gested variable bit rate transmission method and
dynamic rate control methods, a Packet Audio/Vi-
deo System(PAVS) was prototyped based on the
combination of FDDI with 100[Mbps] and Ether-
net with 10[Mbps] using UDP/IP protocol as a
transport protocol (Figure 5).
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Figure 5: Prototype

The characteristics of the source video and other
system parameters in PAVS are shown in Table 1.

[ Physical Networks [ FDDI [ Ethernet |
Complession Format MPEG-1
Avarage Bit Rate[Mbps] 5.0 [ 15
Pixel Resolution[pixels| 640 x 480
Color Depth/bits] 24
Frame Rate[fps] 30
Number of Frames in GoP N=15
I,P Frames Cycle M=5
Packet Length[byte] 4K [ 1K

Table 1: System Parameter of Evaluation

As extra loads on the user client, the number of
the process of MPEG-1 softwere decoder(mpeg_pla-
y[2]) was increased from 0 to 2 on the user client.
As network traffic load, continuous remort file trans-
fer equivalent to about 7.5[Mbps] between the other
workstations was intentionally executed.

Since the evaluation of two different variable bit
rate transmission[6] and the dynamic rate control
against at client extra load[7] has been already re-
ported, we discuss the evaluation of dynamic rate
control against at network traffic load.

5.1 Packet Interval and Packet Loss Rate

In order to control the packet interval when the
actual packet loss rate PL,c exceeded the admis-
sible packet loss rate PLgadm, the relation between
inter packet interval and the packet loss rate was
investigated using the prototype system. The packet
loss rate was observed by actually sending the pack-
ets with the fixed length from the video server to
one of the client station and changing the packet
interval for different network traffic load conditions
as shown in Figure 6.
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Figure 6: Relationship between Packet Interval
and Packet Loss Rate

As understood from this Figure 8, the packet
loss rate gradually dereases from 28[%)] to 0[%]
as the packet interval increases. However, when
packet interval is larger than 5.4[masec], the time
constraint of the source video fram rate with 30[fps]
cannot be maintained. We define this time interval
as “deadline” of the packet interval for this video




source. In the case of the packet interval larger
than the deadline, the original frame rate cannot be
maintained. Because the required avarage packet
throughput for an video frame cannot be attained.
the original frame rate cannot be mantained. There-
fore, the source video must be sub-sampled and
the packet inerval must be controlled to maintain
the admissible packet loss rate while maitaining the
frame rate higher as much as possible. Thus, this
characteristic curve with the packet loss rate, PL
is expressed by the following equation:

pr — { —1.58 x PI +31.35(PI < deadline)
T | —6.62 x PI+58.4 (PI >= deadline)

5.2 Evaluation of Dynamic Rate Control

Figure 7 a) and b) show the results of the packet
rate control when the extra network traffic load
(7.5[Mbps]) was given over the network during video
data transmission. In the case where the packet
rate control function was not introduced, the packet
loss rate randomly increased from 0[%)] to around
50{%] when the extra network traffic load was given
between the 30[sec] to 120[sec] erapsed time while
the packet interval was constant at 1[msec]. On
the other hand, in the case where the packet con-
trol function was introduced, the packet interval
immediately was increased to 12[msec] to reduce
the packet loss rate, after that the packet loss rate
could be maintained under the admissible loss rate.
However, the packet loss rate could not completely
maintained at constant because only the current
value of the packet loss rate was feeded back from
the client to the video server. It is required to im-
prove the feed back control function to always keep
the packet interval within the admissible loss rate
by combining the change values of the CPU load
on both client and server or network traffic loads
with the packet interval.

Figure 8 a) and b) show the result of the frame
rate control when the extra network traffic load
was given during video data transmission. In the
.case where the frame rate control function was not
introduced, the actual frame rate decreased and
randomly and widly varied during the extra traf-
fic load period althrough the set frame rate was
constant at 30[fps]. On the other hand, in the
case where the frame rate control function was in-
troduced, the set frame rate on the video server
was immediately updated according to the feed
back signal from the client. . After that the ac-
tual frame rate decreased to 15[fps] and main-
tained this frame rate at a constant. After the
CPU load was released, the frame rate was gradu-
ally increased and approached to the original frame
rate 30[fps].

Figure 9 and 10 show the evaluation of combin-
ing packet and frame rate control. In the case
where only a packet rate control was introduced.
The packet loss rate could be reduced, but frame
rate was fluenced when the extra load was given(Fi-
gure 9 a)), and since the packet interval exceed the
deadline, the time constraint of the video frame

could not maintained (Figure 10 a)). However, in
the case of both the packet and frame rate con-
trols are introduced at the same time, the frame
rate could be maintained at a constant(Figure 9
b)) while keeping time constaraint of the original
video data(Figure 10 b)).

Thus, we could verify the usefulness of the sug-
gested these rate control function.

6 Conclusions o

In this paper, we described two variable bit rate
transmission methods, the GoP transmission and
the frame transmission when compressed video data
were transmitted over networks. The GoP trans-
mission method can expect efficiency. On the other
hand, the frame transmission can expect flexibility.
These transmission method could be used selec-
tively by QoS requested to media services.

" At the same time, we suggested packet rate con-
trol and frame rate control methods as dynamic
rate control against extend load on client or server,
and network. We implemented these rate control
to evaluate performance of them. As a result, our
PAVS performance has demonstrated the useful-
ness of our suggested control methods even through
the network traffic loads are dynamically changed
by comparing the performance between with and
without these two rate control methods.

We will evaluate of these rate control considering
audio/video syncronization and implemented and
evaluate packet recover control.
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