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Study and Evaluation of Local Area Network
Architectures for Video Image Transmission

Bernard COUSIN*, Lotfi KAMOQUN
ENSERB
351 Cours de la Libération
33405 Talence cedex
FRANCE

We are interested in wide band local area network for image transmission on fibre optic. We study new
architectures for videocommunication networks using electronic switching matrices. The matrix
architecture enables numerous topologies to be built. We propose a software tool to evaluate these
different topologies. We study two main topologies : the linear and the circular topologies. The
evaluation shows the linear topology is better than the circular topology.

Logically, videocommunication networks include two subnetworks : one for image transmission, and
the other for the command transmission. The first prototype implementation of our network uses two
independent and specialized networks. We propose to integrate image and command subnetworks on
the same medium. We propose two classes of architecture. The first class uses only a frequency
division multiplex : a channel is assigned to the command transmission, the remaining channels are
used for the image transmission. The second class includes a time division multiplex technique : on
each channel the commands are mixed within the images. We conclude that, in relation to the state of
art in video standards, the first class is better than the second until a universal video standard is created.

1. Introduction

The Retine project deals with the design of a local area network (LAN) for image
distribution. Development of these networks is necessary to share the high cost of image
equipment. Both analog video and digital image kinds are broadcast. Digital image involves
the transmission of a large amount of information, so development of high speed local area
network is essential for interactive and real time transmission. The physical medium used by
this local area network is the fibre optic. Our fibre optic is seven kilometres long.

In fact, the Retine local area network includes three different networks. The first network is
called Carthage [1]. It is an integrated services digital network with a throughput of 40 Mbi/s.
_ It integrates voice and digital communications. It is fully operational and works as the

university telephone exchange. The second network is under study. It is a very high speed
network with a throughput of up to 560 Mbit/s. It is planned to enable the transmission of
high resolution digital images between heterogeneous systems [2]. The third network is
presented here. It is a network which uses electronic switching matrices linked by fibre optics
via optoelectronic transceivers to transmit video images. This network has been entirely

designed in our laboratory [3].

Switching matrices enable numerous topologies to be built. Thus, we propose a tool to
evaluate the different topologies [4]. The tool explores all the possible configurations of a

topology and so determines its appropriateness.

* Laboratoire Bordelais de Recherche en Informatique (LaBRI)
*+ Laboratoire pour l'intégration des composants et des systémes électroniques (IXL)




Two aspects of design will be discussed in this paper after a short presentation : the evaluation
of both circular and linear topologies (third paragraph); and the study of the architecture of the
distributed management enabling the image equipment and the transmission components to be

remotely controled (fourth paragraph).

2. Presentation

When the distance between the LAN nodes is great (in the case of Retine more than 2
kilometres), and if high transmission rates are to be reached, the choice of transmission
medium is primordial. Compared to other transmission media, fibre optic provides the
advantage of having a wide bandwidth, a very low loss coefficient and a total immunity to
electromagnetic interference. The distribution of the information over all the stations raises
both light splitting and power loss problems. To solve these problems, we choose an optical
point to point topology, and we build sophisticated electronics to processs the received si gnal.

Figure 1 compares the bandwidth of video image transmission with digital image
transmission. The bandwidth of digital transmission is obtained from the analog transmission
applying the Nyquist theorem and a abits/, - encoding. Even with compression techniques
digital transmission requires a wider bandwidth than analog transmission. The transmission
of video images requires a bandwidth from 4 to 30 MHz, whereas the real time transmission
of digital images with high resolution requires a bandwidth from 200 to 2100 MHz.
Furthermore, very high speed digital networks require fast and expensive technology.
Consequently, the first stage of the Retine project is to build an analog network to broadcast

the video images.

Standard Caracteristics Format Band. Ref. Sample frequency Rate Band. Ref.
Lines/Hz/Scan Width/Height (MHz) Lum.  Chrom. (Mbit5s) (MHz)

Standard

PAL/Secam 625/50/2:1 4/3 5106 [71 135 6.75 216 270  [8]

NTSC 525/60/2:1 473 42 51 135 6.75 216 270 [8]

Enhanced

super NTSC 1050/60/2:1 473 6 [6] =12 26 2192 >240

D2MAC 625/50/2:1 4/30r169 9 [71 =18 >9 2288 2360

HDTV

Muse(NHK) 1125/60/2:1  5/3 <30 [6] =260 230 2960  >1200

Rs412(BBC) 1501/60/2:1  5/3 <30 [6] =260 230 2960  =1200

HD-MAC v1 1250/50/2:1 16/9 <30 O 72 36 1152 1440 [9]

HD-MAC v2 1250/50/1 16/9 <30 91 144 72 1729 2160 [9]

Figure 1 - Analog and digital bandwidth for now and future video standards

Our network must assure efficient and flexible functions, such as remote control and access
to image banks (optical disk, video tape recorder, ...), connexion to all sources of images
(television, satellite channel, video camera, monitor, ...), image broadcastin g for conferences
or computer aided teaching, digital conversion and interactive processing of images, and
remote control of videocommunication equipment.

To assure these functions, we propose the following general architecture (Figure 2). The
LAN is made up of switching matrices located in different nodes. Each matrix has 16 input
ends and 16 output ends. An input end enables transmitting equipment (e.g. a camera) to be
connected to the matrix. An output end enables receiving equipment (e.g. a monitor) to be
connected. Matrix ouput ends are connected to the transmitting end of the fibre optic through a
transmitting optoelectronic coupler. Matrix input ends are connected to the receiving end of
the fibre optic through a receiving optoelectronic coupler. The matrices are interconnected by

fibre optics.
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- Figure 2 - General architecture

The network architecture enables numerous topologies to be obtained. The two main
topologies are the linear topology and the circular topology (Figure 3). The difference
between these two topologies is relative to the way in which the matrices are interconnected.
In the circular topology, each matrix is connected in an identical way : each matrix has two
neighbors. While in a linear topology, the first and the last matrices are only connected to one
neighbor. These two topologies are imposed by the linear installation of the fibre optic on the
university campus. But, other medium topologies enable star or ring topologies to be

considered.

It is to be noted that the two topologies use the same physical topology (four fibre optics), so
their costs are approximately the same. To decide which is the best topology is not obvious.
The circular topology is regular, but the linear topology has more connexions. And if we

failures, whereas circular architecture favours the circular topology toward matrix failures.
So, we propose a tool to enable the appropriateness and the fault tolerance of a topology to be

evaluated.

3. Evaluation Tool

3.1 Description

We define a topology T=<S, F> by its set of stations S, and its set of links represented by
the function F. F describes the number of links connecting each pair of stations. It is defined

from SxS into N, where N is the natural number set,

In our model, each link is unidirectional. If the real network allows bidirectional
communication on the same medium, we modelize each medium by two links, one in each
direction. In a similar way, each link allows one data unit to be transmitted. If the real
network allows multiplex communication on the same medium, we modelize each channel by

a link.

Example
The circular topology T,=<S, F;> and the linear topology T,=<S, F,> are described by:




011 020
F1 =[101] , F2=[202J
110 020

We define the requirements U=<L, B> by the set of logical connexions L which is required
by the applications, and by the function B which enables the connexions to be weighed. The
function L describes the number of useful connexions. It is defined from Sx$ into N. The
function B modelizes the frequency of use or the importance of a connexion beside the others.
It is defined from SxSxN into R, where R is the real number set. The connexion concept
enables the requirement to be described regardless of physical topology. The two functions B
and L express the criteria enabling several different topologies based on the same stations to

be rigorously evaluated. We normalize the function B : Zics Zjes 2N Bl,jk) = 1.

Notations

[k, 1] denotes the matrix where the one element (k,]) is not null :

Vizke S, V jle S [k, 1]G, j)=0 , whereas [k,1](k,])=1.
If M and N are two matrices, M<N denotes : V ieS, V je§, M(@,j)<N(,j).
I M Il denotes the weight of the matrix M : | M l| = Zics EjeS M(,j) .

Example
Both topologies are evaluated beside the following requirements. The applications

need two connexions between each station :
022
L =[ 202 J
220
The requirements are fairly distributed among all the connexions :
Vie§,VjeS, Vke]0.. LG,j)1, BG,jk)=1/11L 1.
0  0.083340.08333 0 0.083330.08333
[0.08334 0 0.08334], [0.08333 0 0.08333J

0.083330.08334 0 0.083330.08333 0

Bke{1,2} =

A logical connexion links two stations using one or more physical links. This set of physical
links makes up a path from the starting station to the arrival station, and this set is called the
support of the connexion. One connexion can have more than one support (Figure 4). This

redundancy enables the network to be fault tolerant.

The function Hg, associates to each logical connexion its supports. It is defined from Sx$ into
SxSxN. The set of physical links modelized by the matrix M is a support of the connexion
between the sites i and j, if and only if Hg (i, j) = M, which is denoted by :

I ne N such that M = Zie (1.n) [ JiJ with

(1) Vke{l.n}, [i, j] <F,

() i =1,j, =j, and V ke {1..n) Jk = i

(3) Vke{l.n},if3le{1..n} and iy =i then ji =j;.

(1) The set of physical links is included in the physical topology F, (2) and makes up a path
(3) without cycle from the station i to the station je

3.2 The graph
We explore the graph of all the possible configurations which can be accepted by a given
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topology. A configuration is made up of a set of connexions which can be simultaneously
settled in the topology. A configuration is a snap shot of a state of the network. The support
“of a configuration is made up of the supports of all the connexions settled. As one connexion
can have more than one support, one configuration can have more than one support (Figure

5). :

The function R associates to each configuration its supports. It is defined from SxSxN into
SxSxN. The matrix M is a support of the set of connexions "e", if and only if Rp(e) = M,
which is denoted by :

(1) 3ne N such thate = 3, _ (1.n) Ui Ji] » and

)3 hye HF [iy, ji] such that M=%, by ,and
(3) M<F.

(1) "e" can be split up into a set of logical connexions; (2) "M" can be split up into a set of
physical links which are the supports of the previous connexions; (3) this set of physical links

must be included in the physical topology.

The evaluation of a topology requires the evaluation of all its configurations. The evaluation
of a configuration requires the drawing-up of which required connexions are settled or can be

need to know all the children of a configuration. A child of a configuration is a configuration
which can be obtained by adding a new connexion to its father configuration. Consequently,
we get a graph of configurations. Figure 6 describes a part of the graph of the topology T1.

The graph G = <C, A> of a topology T = <S, F> is defined by the set C of the configurations
which are the vertices of the graph, and by the function A which describes the edges.

The set C is denoted by :
C = {<e, p>such that e : SxS-->N with e < L » P2 SxS-->N with p <F ,and pe RF(e) }.

A configuration is a couple based on a set of logical connexions "e", and one of its supports
"p". Each logical connexion of the set must be required (e<L), and the support must be

compatible with the physical topology (p<F).

The function A is defined from C into C. Two configurations are associated if and only if :
die S, Jje S such that el+[i,jl]=€2, and
Jce HFP1 ([i,j]) such that pl+ ¢ = p2.

3.3 Evaluation function
The evaluation function V is defined by the following functions.
The function X denotes the probability of settling k connexions [i,j] from a given
configuration c. If we denote Child(c)={k as k=A(c)}, X is defined from CxSxSxN into R
by :

X(c, 1, j, k) = if Child(c)»{} then X childie) X(E, 1, j, k) / Il Child(c)l!

else if e(i, j) 2 k with c=<e, p>then 1 else 0.

The function Y denotes the probability of settling k connexions [i,j] from any confi gurations

of a topology. It is defined from SxSxN into R. To establish the function Y the state
probabilty E of each configuration needs to be known. The state probability of a configuration

is the frequency that the network is in this configuration. Y(i, k)= ZceC X(c, 1, j, k). E(c) .



So we can assess the evaluation function V of a topology T=<S, F> beside the requirements
U=<L, B>. The evaluation function is defined into R.

VTu = 2 e sxs Zren Y0, K). BG, j, k) ©

3.4 State probabilities

The state probability E associated to each configuration can be obtained knowing the
probability law that the network changes from one configuration to another. If we know the
probability laws to open or to close a connexion, and if these laws are exponential, then the

configuration graph can be changed in a Markov chain.

We add an opposite edge between the configurations c1 and c2, if an edge exists between the
configurations c2 and c1. We associate the disconnexion probability with the first edge, and
the connexion probability with the second edge. We add a loop to each configuration. We
associate the probability of remaining in this configuration with each loop. Figure 7 describes

the Markov chain obtained from the configuration graph of Figure 6.

The Markov chain is modelized by the probability matrix PM defined from CxCintoR.
V cl=<el,pl>eC, V c2=<e2,p2> as A(cl)=c2, PM(cl, c2) = Pe(e2-¢1).
Pe is the connexion probability function defined from Sx$ into R.
V cl=<el,pl>e C, V c2=<e2,p2> as A(c2)=cl, PM(c1, c2) = Pr(el-e2).

Pr is the disconnexion probability function defined from Sx§ into R.
We associate the probability of remaining in a configuration with the diagonal elements of the

matrix. The normalization imposes their values :
VcleC, PM(clcl)=1- Zcec_{c” PM(cl,c).
All the others elements of the matrix are null.

If the stationary condition is fulfilled, we must resolve the following equational system to get
the state probability E of the configurations.
PM.E=E

3.5 Resolution

If, respectively, all the connexion probabilities and the disconnexion probabilities are equal,
we prove an original result [11]. We prove that the state probability of being in a
configuration can be achieved without computing the associated Markov chain. This result

speeds up the topology evaluation process.

Theorem
If the connexion probability and the disconnexion probability are constant :

Vies, V je§, Pe([i,j)=Pe et Pr([i,j])=Pr
Then the state probability E of each configuration ¢ can be established by :

Ve=<e,p>eC, E(c) = (Pe /Pr)lell /Y, with the normalization constant : =2 c E() ®

If we denote the ratio between the connexion probability and the disconnexion probability by :
B =Pe/Pr, the mean number of settled connexionsis:Nm=3__.'el /vy jey.

The evaluation of the fault tolerance of a topology can be achieved with the same evaluation
function. It is sufficient to evaluate the original topology without a physical link, or without a
station. The result of the evaluation must be weighted by the probability of such a failure

appearing.




- SIMINMOIY [eqolD - 71 am3yyg -

HIomlpu s8ewy

seiqy
Teondg
ooy ¥ Bondof 33pi0331 3de) oopt
SIDATSOSURI], SIDAT3OSURY
: eRWRE) ;
SR selouresy .
I9A1908URL ],
XLgepy 1jonuoy XImep Blonuos Isjonuoy
saiqy
Teondo

HIoMIdu @:&EEOU

ISAIDS
M.—Ok—uoz SIaS D

- Imidamyore xadnmyy - 11 amgg -

Jonrwsuery, |

ondo 21914 IoX3] 592,

suohEIS Jo Jaquinyy
8 L 9 S
L i 2 L 4 i I 1

£ Z i

£8010doy reour-y ]
430j0dos sepnony, @

SINJIE] XINBUI € (iIM Uonen[eAy - 01 2m81

SUOFIE}S Jo raquiny

Zh 1t ot s e L 9 S 14
1 i i i 1 5 i i .

.lTﬁ 0’0
= - _..o
-0
-£'0
-0
- S0
- 9'0
- L0
-8’0
-6°0
=0}
uojienieaz

£ 4 I

4£3o1doy re[monyy @ °
A3opdar moury @ L “ g g

SIN[IE] YU € PLm uoNEN[RAT - 6 amS1g

suopels jo oqumy
AL T I T A T
i 4 i 2 1 i ] i 1 ) ]

00
- 10
- 20
- <0
- 50
- S0
- 90
- 20
g " - 80
- 60
L 0"y
uo|1en|BAg

£ 2z 1

o

£3ojodor rmony ®
£3ojodoy resurq -

®
®

nllmo
&

SIn[Tey INOWIM UOTIEN[RAT - 8 amgry

i 0o
=10
- 20
- £0
- b0
- S0
- 90
WA
- 80

- 60
& ® - 0
uojienieAg




4. Architecture

4.1 Topology evaluation

We have evaluated the linear and the circular topologies with 2,3,4,5,6,7,8 and 10 stations.
The curve of Figure 8 shows that the linear topology is better than the circular topology with
the video equipment spending ten per cent of its time connected up. For other ratios, the
results are similar. Taking the failures into account, Figure 9 shows that the redundancy of the
linear topology favours its link fault tolerance, Nevertheless, Figure 10 shows the opposite
towards matrix failure, because matrix failure splits into two parts the linear topology,
whereas the circular topology remains entire. The global evaluation of both topologies with a
link failure probability equal to 10-6 and a matrix failure probability equal to 10-6 proves that
the linear topology is better than the circular one.

4.2 Architecture Improvement

It has been shown previously that the bandwidth of the video signal are at most 30 MHz,
whereas fibre optics enable a wide bandwidth to be used. We propose to multiplex several
channels into one fibre optic allowing all the bandwidths to be covered. We use for this

purpose a frequency division multiplex (FDM) technique.

So, we add into our architecture a demultiplexer/multiplexer between the fibre optic and
the input/output ends of each matrix (Figure 11). The increase in channels provokes an
increasing use of the matrix ends. Thus, less equipment can be connected to the remaining
ends of the matrix. The linear topology is more sensitive than the circular topology to this
phenomenon. With 16 input and 16 output end matrix, two pairs of fibre optics, and four
channels per fibre optic, the inner matrices are saturated. No equipment can be connected ! To
manage these problems, we propose a larger matrix with more input/output ends, or a

cascaded assembly of several matrices,

The evaluation of both circular and linear topologies again shows the better performance of
the linear one. However, the difference is less marked than in the previous architecture
without multiplexer. We explain these alleviations of difference by the two following points :
as the number of channels increases, the relative importance to obtain one more channel
decreases; the linear topology remains disadvantaged by matrix failure which splits the set of

stations into two parts.

4.3 Command Network

Each matrix is locally controled by a controler based on a microprocessor. A server located
on a distant processor makes the overall management of the video network (Figure 12). The
server, the controlers and the users communicate with each other throu gh a command
network. The architecture of the command network is studied here.

The functions of the controler associated to each matrix are the following (Figure 13):
- the management of the local switching matrix through the matrix line (ML);
- the management of the local equipment through the equipment lines (EL);
- the support of local terminals if necessary through the terminal line (TL);
- the management of the information exchanged with the distant server through the

command channel (CC).

The server gets the connexion or disconnexion requests from the users, computes the routin g
algorithm to establish the connections from the sources to the sinks using several matrices,
and sends the commands to the appropriate controlers. The server ensures the overall
administration of the LAN (supervision, consistency, accounting, ...). It manages the
controler and the switching matrices (remote software loading, configuration, controler and
matrix states, ...). It exchanges commands with controlers to establish the video equipment



connexions. In addition to that, the server can remotely control the video equipment, which
can be connected to the nearest matrix.

Logically, we can see two networks : the video transmission network broadcasts the images;
the command network supports the management messages exchanged between the users, the

server and the controlers.

Two main ways of implementing the command network exist : the first way is to have two
independent and specialized networks, one analog network for image transmission and one
digital network for management; the second is to have an integrated network.

The first prototype implementation of our network uses the first architecture [3]. One pair of
fibre optics is used to broadcast the video images through matrices, another pair of fibre
optics is used with the Carthage protocol to send the commands from the users to the server
and from the server to the controlers. This architecture has been chosen because it was
straightforward (the Carthage network was fully operational), and because several fibre optics
covering all the campus were available. But this architecture duplicates the networks and

increases their cost.

Consequently, we propose integrating the image network and the command network into the
same medium. The Retine project can be seen as composed with progressive integration steps:

1 - The first protoype implements the image transmission and the command transmission
On separate networks using the same type of medium : two pairs of fibre optics.

2 - The current prototype wants to integrate both transmissions on the same medium : one
pair of fibre optics. In this paper, we study several techniques enabling this multiplexing.

3 - The final step of the project will be to obtain complete integration using the same
protocol to achieve the image and the command transmission on digital network.

Two classes of architecture can be considered they differ from each other in the process
integration of the commands and the images in the same medium. The first class uses only a
frequency division multiplex (FDM) technique. A channel is assigned to the command
transmission, the other channels are used for the image transmission. The second class of
architecture includes time division multiplex (TDM) techniques. On each channel the

commands are mixed within the images.

4.4 First architecture class

If a channel is assigned to the command transmission, we can choose to connect the controler
to the channel either through the matrix, or directly. The use of the matrix enables different
channels to be chosen to transmit the commands. This architecture is fault tolerant,

nevertheless it uses one input and one output matrix ends.

In both cases, a ring must be established using the channels associated to the command
subnetwork to connect all the matrix controlers to the server. Then, a digital standard local

area network protocol can be used.

4.5 Second architecture class

The general architecture is shown in Figure 14. A command mixer/extractor is inserted
between the matrices and the multiplexers. They enable the insertion/extraction of the
commands into/from the images. In this case, the controlers manage several independent

command channels.

Image and command multiplexing can be achieved by the following techniques : The
commands are included within each image. The commands use the slot tinie where the video

signal associated to the image is not significant and not used.

To understand this technique used to include a command in one image, it is necessary to



Local
Terminal

Controler

TL
CcC Local
Terminal
Controler
Switching
Matrix
Command
: channels atrix
D Bplexer f_VIuluplexer
| Jemn Demultiplexer
‘ Multiplexer
Command
extractor
- Figure 13 - Functions of the coniroler -
ical P Command
el = M

- Figure 14 - Command extractor/mixer -

image information

i

e £ an 0 02

RS
*
o
8
Y
ry
5 we®

& =
s

os 7 * lines displayed
one .fxiime : half of one image

g
BB

2

~

1

AN
S

Figure 15 ;,.-"ihe general video framé. coding -

urdsed time

57 hronizagiog codin image information slot —_—p
i slot urst i
: slot !
< One image line —!

Figure 16 - The general video line coding -



consider the general format of video signal standards. In the television standards codes (PAL,
SECAM, NTSC*), there are 625/525% lines in an image. An image is constituted of 2 to 1
interlaced frames. Some lines (about 25 frames) are not displayed on the TV screen (Figure

15).

An effective transmission rate of about 180 Kbit/s can be reached, if we include the command
information in the remaining lines, with a transmission rate of 4 Mbit/s which is compatible

with the channel bandwidth.

Moreover, each line includes a synchronization slot, a color coding burst slot, and an image
information slot. There is a short duration into the synchronization slot which is not
significant, and thus, which can be used to include digital information (Figure 16). An
additional effective transmission rate can be reached using both methods.

Both the synchronization and the maintenance of the shape frame are difficult problems to
solve. The mixer/extractor includes di gital command information with a time reference based
either on the synchronization tops of the image source if it exists, or if none, on its own time
reference which will synchronize the down stream neighbor station.

The advantages of this technique are its great availability since a command can be transmitted
at any instant, and a very efficient use of the bandwidth : unused period of image transmission
coding is used to transmit the commands. The disadvantages concern the complex
implementation due to the complex synchronization required, and the difficulty of managing
the numerous video standards. Integrating commands into the images suffers from the great
variety of current video standards. Also, new standards use different frame formats, new
transmission techniques, and a wider bandwidth for high definition TV than current TV.
Obviously, to achieve best rate performance the above two techniques can be mixed.

So, the first class of architecture which used a dedicated channel to assume the command
transmission is more adapted to the multiplicity of present and future video standards. This is
true for the following two reasons ; straightforward implementation, and €asy management of
the command channel which is independent of the image channels; no investigation and no
sophisticated method is required related to the numerous standards due to the transparency

architecture used.

5.Conclusion

We have studied a new architecture for a video communication network. Our architecture is
based on electronic switching matrices and fibre optics. Fiber optic has been chosen due to
both its large bandwidth enabling high speed transmission, and its weak power loss enabling

a large field to be covered.

better than the circular topology. So the RETINE project uses the linear topology.

For optimal use of the fibre optic bandwidth, a frequency multiplexer is added to our
architecture. The FDM technique enables several transmission channels to be implemented in
one fibre optic. The tool proves that the evaluation of the linear topology remains higher than

the circular topology.

In previous paper, we have introduced a videocommunication LAN using two independent
subnetworks : one for image transmission, and one for command transmission. We discuss
here the possibilities of the integration of the command subnetwork with the image
subnetwork. Two solutions are proposed. The first architecture class uses one channel for



command transmission and the other channels for image transmission. The second
architecture class uses TDM techniques to integrate the commands and the images in the same
channel. We conclude relating to the state of the art in video standards, that the first
architecture class is better than the second, until a universal video standard is created, unless

we choose to broadcast only one current standard.

The design of our videocommunication LAN uses a modular concept. This modularity
preserves for both hardware and software investment.The architecture allows new
improvements to be incorporated, making future growth possible without major changes. The
TOPE software remains a good tool for the evaluation of these new topologies.
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