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L. INTRODUCTION

The nesw competitive telecom nmications services
provider Compenies, roust fight for abtair. Brondbend
access networks nstallation and aperation
husmeszes, Tnatallation and aperatian costs asociated
to daployment of links and transmission and switehmg
equipment n optical accean netwarks, could he
justified when subseribers density promisses enaugh
monay back to cover both investments and planned
prafitz. [a that case when sconomic estimatives or
optical fiber carrier company pelicies dozs not allow
the arriving of fiber to the end vser's installations, it
is necesanry the deplovment of nccess netwarks
salled «secondariess that matches a highly enough
wQuality of Service vs, Nnaneial Costsy relation in
such a way that company gets the programmed

profitability end gives the expected service, This,
when we talking about broadband access scrvices
{for example: Internet) for hame and business vsers
with not very high data flows [1], Otherwise, there
are local area narworks (LAMz) that requives small
cost links and easily deployment. 1t also cxista some
needs. even not satisfied s an optmal manner, when
designing access networks for low mohility users
(walking mahility or lnw veloeity), which reguire low
cost tn conecction and mulri-srervice. A wircless
tecnology taht includes low pawer consumption, low
cost, high reliability, adeguate capacity for such an
user’'s services needs and highly easy deployment,
would convert in an up-to-date solution an
covironments where users densily and increasing zre
trregular, as from tha paint of view ol subseriber
guantity 23 geografical areas and the random location
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where they are. A gooc coliection of networking
equipment and informatinn devicas based on infrarsd
light transmission, are being offered by several
vendors, including PC peripherals, handhelds and all
that types ol Inlermation Appliances (TA ) that abtnins
their vigth wlifizzlion accessing with hiph veloeities
o Inlernet,

All this, by the deployment ol sweess networks
uging complementary optical levhnologies: Optic Fiber
Transmission (OF) and Free Space Optical
Transmission (FS0) [1].

H. INFRARED TRANSMINSION SYSTEMS

Information tranamizsion systems based on
sending and receiving optical sigrals, wired or
wircloss, work over infrared {IR) electromagnetic
spectrum range. Transmission systems hased on optic
fibers, propapaic mirared Lght along low atenuattinn
and high Linearity arcas of such lransmission media,
which are in the wavelength regions of 1310 nm, 1550
nm and £50 prm.

Diffarent to that optical systems by fiber, optical
tranemission systems throuph the free space does
net use a guided medium to propagate the signal. In
such a syslemns the desipners does ant core about
useg infrared energy in the wavelengths
aforementioned, bul their design 2ims over the
pliwsieal level concentraies on gelting the more
propagatad distence without fading infrarcd light
power below that ahaervable by the detection gvsicin

[3].

Fa 1. Simpified squame of a bidirasioma! infrered ranamisgion
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An infrared transmission system i composed by a
transmission device, a reception deviee and a
propagation mediom with characteristics for pprimal
ootic transmission. The transission media is the vaseurn
(iz this case the air} and presants a sumatory of an
g ectromagnetic propagation registance factors on
infrared wavelengths, Such a sumatory ia the result
of free spuce losses (that can he caleulated by using
the Frizs expression), lobe fading, intensity losses

causedl by hipgh temperatures {by the generadon of
vapurs lhal makes relraclions), atmospheric
depressions (rein and fog) and. as a primordial factor,
the need lor a lime of sapht between transmitter and
receiver tn esteblish the bUnk,

Fig 2. Typcal radiation pattiame, collimated and nas collirmasted, far
an infrered source diode.
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The emitter system tor infiared transmission (Fig. 1)
is compozed by & modulation block and o radiation
sonrce o that spectrum repion, Such a radistion source
is pensrally constituted by an infrared emission diode
{(IRD}) or infrared laser diode (ILIY) manufsclured on
Galium Arsgnjum and whose crystal case can reach
highly callimated radiations, or well lobe widths ol up
to 30 (Fig,2), depending oo 161 uses, ornol, physical
optic for itg owput structure (mimors snd cenvergent
lens), Detection systems, or recelvers, are compesed
by pholodiodes or phoivimnsisiors, made of Silice or
Germanium, the Germaniom being the better one
absorber of intensity over a wide infiered spectnum

range {Iig.3)

Fig 2. Specd-ail aanaiblity of Ga, 5 and Salanium regading horsan
vistar,
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The measurcment ol ¢lectromagnetic wave
intensity i taken in mWleny, therefore sensibilily of
the detection elements on the teceiving sysiem depends
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upon the intensity Wzt carmies 1he wave and sensibilily
of surh a photesemiconductors. In addition to the
detection elemend, e reeciving system alse has
amplificatinn biccks and demodulation systems using
modulating wave deleciion. Transmission gystems
configured in such a way, modulate the infrared carrar
by amphitud or intensity, either by direct modulation or
pseudo-modulation {indirect phase or frecuency
modulation of & sub-carrier before madulating the
infrared carrier wave), haing the amplitud shift keying
(ASK or DOK) the most used sersmes,

A, Porformance of IR Transmission Systems

The perlormancs of infrared transmission syslems,
regazdiog emitters anc recelvers, depends mainly upon
the modulation efficiency and signzl o poiss ralio
{SNE) obtained ar the receiver’s input, Both conditions
are deferminant factors G the bil error rule (DERD.
It must be rermembiersd that moduiation efliciency of
an ASK (or OO svstem could be caloulated in the
suma way a5 [or Amplitude Modulation (AM),
obvigusly having inte account the high frecuency of
the optical carrier.

B. Link Losses

Infrared links show seriouns difficulties for
propagarion as countempart for that happening with
microwave links, radicfrecuency and, of course, wired
links, which presents proved easy prapagation
charapteristics. Due o small wavelengrh used in FS(O),
i both ranges 310 nm anc 1550 nm, the optimal
atmaspheric conditions to get a nght performance of
infrared networks are hard to obtain. High
temperatares cause humidiies dus to the vapors
produced by liquids in roofs, atreats and mainly
averything containtng water directly affected by the
gun light, wich ruakes s progressive difraction of the
mirared beam and finally gething-off the line ot sight
patiern required between transmitier end recever
wtelescopesw. Rain, and especially fog, becausa the
amall of its water particies, comparsd in widht with
link wavelenpthe, is the worst case of atmospheric
gtate for the performance of an access natwork or
infrared LAN.

Finally, due 10 the light beum colinearity, itz
necessary line of sight between both «telescopess,
lransmutter and receiver, in order 1o prevent the
energy ebsorplion and/or reflection on obstacles like
buildings, frees, among others. However, acual
slandards sbout infrared ‘renmission, specifyes the
minimal power reguirements so the beam can go at
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least across two typical window glasses, with wich
it obtainz one of the bast nocess network installation
setting: from inside the comsumer premizes throueh
the windows glasses and arriving to a Point of
Presence (PoP) owned by the infrared access
networks carrier (now called EtherlLBCs ar
ATMLECs, beeansa (e protoeols used for link scces
eontrol throuphout the esecondsrvs access network).
Overall, a8 a conclusion for this section, whatevsr
particle whoae width is comparable with the infrared
modulated light wavelengrh, converis auxmatically
on & dispersion clement, with parcial or total
aitenruation, avoiding that the wave arrives below the
minsrnal SNR reqguired 4t the receiver input oo any
of the two ways, downstream or upstiream,

1. NETWORK PROTOCOLS FOR
INFRARED ACCESS

Having high velocity access netwarks 15 an idea
that implies tunking about two levels non hicrarchical
SIH/SONET netwarks providing the multi-tlechnology
access nelworks with high payload bandwidihs
throughout all of s addidrep multiplexers (ATIM
access nodes). The pratocol paradigm of medivm
access over passive broadeast networks. or even in
active multiplexed natworks, i the Asynchronous
Transter Mode (ATM), It can caleulate distances in
terms of ¢lock pulses, in order to obiain a transmission
convergence ahd make the broadeasting, sending and
receiving of ATM cella. These c2lls are inserted on
the SDH/SONET cells payload. So, wilh the
establishment of ATM virtual circuits, and et the same
{ime using synchronous dipital hisrarchy virtual
containers, the subscriber’s access inta the transport
nedwork can be done by imterconeccting lhem with
data ngtworka: [nternet, or other private and public
networle [4].

Passive Optical Networks (PON) have the
architeeturs that u2es ATM az itz data link and medivn
access control protocol, although actuslly exist two
well snown and proven protocols, Ethernet and Gipabit
Ethernet, are intended for bringing efficient pretocols
and inlerlaces set o communicale subscribers and
ISPs [4].

All Information Appliancesthat are heing devaloped
in the new wave of Home Metworking naes Internet
access through pateweys connecied to access
retworks, These sxvitonments will be very important

Fhe dasd mitte orpbiam solldioe ising Fee space ol lramsmissicn broasband
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busincas larpets, lasing into accouni the infrared
transmssion as an efficient alternative, costs-cllzetive
and easily deployable along Internet broadband access
networks. There are two main wireless technclogies
to use in home networking producls: [nfrared (1) y
Radiofrecueney (RF). Lntil now, most of the
developers and vendors has seen infrared networks
like & corpotate medium-low scals T.ANa technalopy
oras atechnology that makes possible intereoneeting
several apphances (informetion aplications or devices)
into a house, room. SOHO{Small Offica/Home Offize)
or whalever busizess wits mediurm data flow level[o).
Lowever. the scope is thet in the near fumee besides
having LAN infrared networics inside a house, it also
cin obtain broadband access throuph netwarks hasad
on IR tepologies like those proposed on the next
soclon.

I addition (o {he use Ethernet and ATM, and even
directly SDH/SONET fizmves, as the inlerfaces and
peotoeeds for data link and medivm access contral, in
the world it exigls o [acto protocols proposed by
Infrared Data Aseociation (IDA), among other
propistary anes, and adopted by all inloncation
appliances and access netwarks devalopers, designers
and manufacturers using this technology, ncluding
aplication software made by the big monsters:

; | S
Microsofi v Linux  [7.

Fig. 4. 1r2A Prolocols St

TETRAN | IrObesx |TrLAN [Ircom [IzMC |nsisscation
[LM-TAR Transpork Pratopol Tioy-TioTP | Toenaposrt
Link Manazgement Ir-IrlMP MAC
Lirk losasa Praboosl -TIAF LLC
Berial Sarial Syoe
AnyohIoncug Syrchonoua | 4PEM Physical
(8. 6-115.2 Hbpa) [ {1.152 Mogs) | (4 Mbpe)

When an recesz nelwork is implemented using
equipment hased on the protogols set of TDA (Fig.4),
ATM and SDH/SONET arotacals, and hence TCPY
IP protocols (the most vsed over ATM), would
perforen its functions aver the Metwork Layer (having
into avcount the TCP/IP network madel). On the athor
band, wsing oalv the standardized IrDA Fhysical
Interfaces and Prosacals, ATW or Cihernet standards
adopts the roles of data link, (ransission convergence
(in the ATM case) and network laver (TCP/IP, ATM
and/or Ethernel) (Fig.5).

IV. FSO ACCESS NETWORKS
TOPOLOCGIES

Fiher Tnte The lLaop (FITL) constitutes the
pamndigmesic revelution al (bhe moment, The longer
penetration the optical tiber have in the loeal loop side,
the longer deta and services capacitics could be ottered
by the optical carrier (network apcrator)and the other
competitive carrier companies (CLECS).

Flg. 6. Aplication of rDA protaco’s in an scoess nalwvorks
amdranmenl, for azampla in order to gel Intenct accaes,

TCP | UDP | Transport
o TCPSIP h “".“:HE:H'D:E':
ATM '_I'rr-nwr;;sion Convergence MAC
ATM LLC
Ferdial Serial Ayne "
Asychronous SYNChonous | gpopm Faveical
(0. €-115.2 Klma) i {1.152 Mepx) (3 Mps)

Access networks cobtaining soms pacl (or parts)
of it umming over opric Bher links are clasilied in
Tfiher Tn The Home (FT'TH), Fiber To The Building
{FTTT), Fiber Ta The Curb (FTTC) ot Fiber To The
Cabinel or pedestal (TTTCa} (see Fip.6) [8]. On the
classification above the most indicated emvirarments
where combining optic fiber with shost renge high
performance transmissien technologies ars: FTTC
and FTTCa, Infrared light links are more reliable and
faster when the range (dis;ance} that it must cover
is emzller. Therefore, designing access networks for
distributing bandwidth among certain areas, each of
which covers some hundreds of meters in diameter,
15 @ New apporTnity fat can be used by competitives
and new compaeniesa to deploy access networks
driving the optical fiber depleyed up to the Cirb or
Cabiret (pedestal), that san be offzred by high
velowlty ransport networks earriers (Fig.7). A
Passive Optical Networl (PON} topology has an
G (Optica] Lime Termination), an ODN (Cptical
Distribution Melwork) and, in order to make the
interface with multityde of complementary acvess
technologiss, considered a8 ssecondaryn access
networks (of cowse, including FSO), an ONL
{Optical Netwark Linit), These are the PON
components and elementz, which represents the maost
designed and deployed access network configuration
(rroupehout the globe (Fip 81 [8].
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Chonsing netwiork clement caneiiics 18 (he key
for introdueing FSO, inciuding ILEC’s or CLECs
OMUs and cavier’s ADMs that comunlcats wilth
infrared n=er ferminals on one side, and with those
OMUs oo the other side. TE must he conszidered the
protacal gst used for Mus/Demux mfrared access
cgmipmeant, gince PONs has standardized processing
velocities working over ATM and, has actually
developed, over the Fthernet and Gigabit Cthernel
protocols. ONIU has forrr main parts: Interface with
QDN part, A1'M eellz assembling and multiplextor part,
adaption functons part and, with standardizec Q3
intarfaces, OAM coulrol and mapoagement part,
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V. FSO NETWORK ARCHITECTURES

Al thig point, he most npertanl pac fo bave into
aceount (s the interface between ONUs anc the
conceniralion and mulliplealg equipment = the
sceondary FSO. The key thing Is lo understand an
ONU {unction (Fig. 9%

Fig. 9. Intama’ simplifiod schorne of an G

Aoz ban
of | oo AT Cell litkoe doriy |:"'_'_ 2,
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Far the ESOM/PON data interface and physieal
part, 15 necessary for (ONIT's respective adapiion
functions designing send - receiving and miftared aecess
W Memux for brosdzasting multiple users :md, in
some special cases, (o7 adapting data [ows driven
through point-to-poiat inlrarcd finks. The integration
of OMUs, Mux/Demux and ATM {or Ethernef)
assembiing eells systems, s done in one functinal
paclkage o modular equipment, in the same way that
it wig done with DELAMs (Digmta: Sussenber Lines
Multipleser) and ATM swilehes, In the wfrared
scheme, such infeerated cquipments include all lomeal
cloments ncecssary to operate and interface with ATV
Etherner POM svstems, realizing subseribers
mudiiplexion to IR links and doing the aszemhle and
menagement of unit cells on the protoce] used for dats
link and nelwork access in genesl. Ao oleprated
system as the one deseribec above, would exhinil an

viees network opology fov both ¥ITC and FTTC A,
having into account that in-pole iestaliations as a
particuiar case of FI'TC s the most indicated choice
for malking a secure line of sight infrured browdband
links.

V1, ACCESS NETWORKS MODEL DESIGN
APPLIED T ¥REE SPACE OPTICAL

Tt is necessary o make a definition rega~ding the
levels al which lelecommmnicadon oelworks van be

shudicd, just like tor doteminin ng on which of those

levals to realize the reasaning, Al ofthis wath modem
hraadband eccess netwaorks on the seope and specially
ir: the case of Iree Space Optical. llere it is offared a

Tha last mia preblem salution wslhg free space oplical lransmission broadbarnt
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choice that consist on a four abstraction levels
vreanization, The Lour levels that compose (he
telecommunications network design model have been
proposed reparding to precedent medels and fooking
for the mos! complels moede! possible, that save the
degigning work Fom maost imprecigions, inlerprelations
and deseriptions legs complete vsed in books and
artictes (magazines) from several particolar or
carparals authors, Managemeni, Funclional,
Archifeeteral and Physical levels, are only the first
step to tench such problem’s solation, observed in the
mast of the literature readed and examinated. for
writing this seetion; it is aood ag a point of reference
in the rmltidimensional space of telscommunication
networks desigr, as well. It will only be raken into
aceount the funstiohal level from the fonr levels
mentinned above, henee in the example exhibited on
the next section it will be suposad several aspects that
prevert the naed for dasigning at the management level
and, mueh less, atthe architechiral and physical level,
where the manufacturers does their worke

A. Fumnctomal 1.evel

Atthis level engineers and scientists are thinking
ahout information transmission capacities that the
network must to match. Thinking aboul that 48 an
orgznization of sub-syslems and aking those, at the
same time, as functions corrclating nput and output
capacities, At this poinl it bave o think aboul
peopraphical exlensions o be coverad by the network,
tranamizzion magnitudes for the sarvices requirad by
subscribers, dividing the network into levals and
sectiong (acteally in two levels: Transport level and
Access levelend it organization using Blocks or parts
(subsysters) that parform the access, switching and
transport global fumctions. The Telecommunications
Muonagement Network (TMN) @ust be laken into
account Jdesipning at this absiracion level, smee i1l
requires its own capacily, luncliooal blocks and
interfzees Lo inlereommunicate with manageable
network elements [ 2],

. Funtﬁnuﬁl Design Level Applied to
Secondary ESO Networks.

In the section ghove were definad the notivities
that will be done on the next exampls, A secondary
P80 network, offering broadband access o Internet
requires busically of a PoP [Point of Poesenve), un
inlrared subscribors links multiplexer equipment and

Infrared Metwork Terminatons (IMT £Eie. 100, which
dre direclly conoecled (o the consumer premiscs
eyuipment. Using an infrarcd-through-the-window
{Ir'TW) scheme, the link between Pol {camposed by
an QMU and an @lrared moleplexer) and consumer
premiges cquipment consists of an infrared
cleetromapnetic cnergy beam flying acroos the home
o1 office windows glesses

About the TMN, it will only be taken into account
that PoP equipment, that includes carrier’s ONUS and
infinred subseriber’s access multiplaxing equipment
wwned by the CLEC (EtherLEC, ATMLEC or
whatever broadband access company), it must have
into its funetions a systam hlock whose interface is
3, recessary for control ard management (OAM)
of the capacity rescurees agreed with the consumer
by means of SLA (Service Level Agreement). In the
annlysis of geographical extersion to be covered itis
nacessaty to congider that reachable distanees for
infrarad links show rwach variation with the different
mantdactarers, however thers is a «virtual agreementy
abour those access links: I'or the scenario ol
asecondarys FSO access networks, these pust be
between several hundred meters and maximnm SO0
meters. ;

Flg. 10. Simplifisd scheme nf a srarmndaryy lopology basar o0
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Finally, and hefore we are paing to play with some
littla nurmbers, it muost be taken into agcount that
capacities of PoP sguipment owned by PON
propietary cartier companies {(ILOCs, Ttherl BCs or
CLICs), can be used to estimate lke users quantity
that it can serve and the quality of serviee (Qol)
provided [maximum ranmsissica velocity for each
uEer).
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ViI. ACCESSING INTERNET IN TELE-
EDUCATION ENVIRONMENT USING FSO

This example will provide an idsa of the service
potential, and hence for business, thet would he carriced
by an eventual Free Space Optics depioyment. The
geenario, thet ineludes actual state of loeal dala
catriers, topography of the area to pet cover and
services demandec by putential cosiumers is covered
nexk

A. Geographical Location

Providing Inferme! access and conneciion with
ather propietary ard public data nerworks is required,
fur & number of seven buildings located into a
Universily campus whoae superlicial extension is close
0 3750 m*. Buildings have distanees of 330 m ap o
450 mn away from cach olher and present irregular
heights. Iach buildin'g nebwnrk equipment {switches,
hubs gad souters} room hizve woll lucated windows
and easy access to exterior walls and the roof,

E. Duta Coerrier {Operatar) Actaal Stale

Broadband networks carrier has a group of SDH
rings transport networks and also has twa PoPs clasely
to Llniversity campus, Each of such a PoPs 1s
composed by two ONUs (these, in turn, have up 1o
32 aptical connestians, one tor sach polential user)
whose capacity is standardized: 622.08 Mbpa
{downimk) and 155,32 Mbpe (uplink) betwee:: the
LT and the ONU. The passive optical network a1
which these ONUs are atiached works using ATM
as the Data Link Layer and, if necassary, it can also
work as the Network Layez

C., BServices Demanded by Potemtial
Costumers

Thase basically ars related to Internct. FCs wanted
to bave aceess to Inlermet from each building at such
a velocity thar allows 44 computers in the same
building LAN 1o connect with a minimum velocity of
150 K bpa. Moreover, there = a videoconlerence room
in each building. Reparding to MPEG stndards, real-
time video having videoconference quality, this is, with
4 800X600 (o 30 framew/second resolurion, requires
at least 3.5 Mbps i both Ink channel divections, tuking
wmbe zecount that such a video formar (MPEG) uses
COMAressinn schemes.

Tecnologia

With the information above abou? ths scene to he
vovered by the deplovment of SO, it 1s requirad to
know equipment quanlity, lypes and capacilies
necessary Lo nstall such an access network,

As il wes mentioned before this example is only
done from the point of view of the reference design
muode] fumelional level It can sta by caleulating the
required czpavity of such link for the every 40 LAN
compuler’s basie Interpel aceess, [1 is necessary to
establish unique iifrazed acoess, oz a group formed
by several links, that provides a 6 Mhps of ransmission
veloetty {150 Kbpa*40 computers). Since there ara ¥
buildings cach with a LAN, it is required & total of 42
Mbps to provide basic Talernet avcess for all LANS,
The requited capactly for sach video conferencing
buiiding room i3 3.3 Mbps, therefore it need 24.5 Mbps
tar all the buildings together, In total, both Internet
access and videoconterencing aceess need 30,5 Mbps
fior all build ngs together. However, videoconterencing
are used alimost always in the two ways, downstream
and upstreans, sending video and receiving video al
the same time, hence it wonld be secessary to double
the links capacity toward the viden rooes, Then, the
necessity of transmission veloeity would inerease up
e 7 Mbpe of paylead, 49 Mbips in total for sl the 7
videgeon(oronee reoms.

laking 4= a point of reference the TrDA (Infrarad
Data Association) sundands and protocels for physical
and data link layers, iz the 4 Mbps synchronous
transmizsion modality, it would be necessary 23
synchronous like  inffared links, tor covering the
University rotl demand ol 91 Mbow. From the 23 links,
two are for covering the basic Internet recess demand
oo each building TAN. Tt weuld 1eft 9 free links, But
FSO architeclure hes the filosephy of providing an
caely esteblished line of sight between user’s
equipment and infrared multinlexing equipment;
therstore, in erder to provide 7 Mbps to each of the
videoconferencing sooms il is necessary Lo use lwo 4
Mbps IrT2A inlerfaces composed by two IrDA links.
Then, it would neec a otal of 14 svnchronous DA
and, finally, the global toral would be 28 inlrared DA
like links.

1l knows that each optic fiber carriar’s PoP has
two Optical Network Units (ONU) with the mentioned
standards capacitivs snd [unchioning over ATM. Te

They fasf soffe pwolileen Sotdior sargr fve soace ooieal fransmission Brosobang'
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ensure the interface velocity with the 2% infrared Links
it is regpired & roinimues capoacity of 28%4 Mhps=112
Mbps, This velocily would be covered by any of the
Lowr XUy, sunposing they are aatheing usad or do
ned have much lead, zince the PON that connscta
it to the trmosporl nelwork ncees node, wark an the
standard downsisam 622 Mbps lnk mexinmm velocity,
in ofher words, from the SDH aceess node, through
thee PoPs (OMNUs) v distributing ameng all the aptical
network torpipalions, in this case mfrared merwork
termivations, This mesns that with only one ONIJ
working, fior example, at tha aymetric velacity of 155/
155 Mbps, with a same PON's capaciry, and heving
into acepunt that the mbured multiplexing couipment
st have a tansmission and processing velacity prior
t0 112 Mbps, it is provided the required capacities for
the propused scenario services demands. With the
characlerislivs cited ubove and hoving into accont that
the mean distazce among buildings is about 350 m
and 430 m, it would only need a good locstion for
tran=mitters and receivers {better said transceivers)
sn they have the required line of sight between user's
windows and carrier’s PoPs.

VIII. CONCLUSIONS

F8(} access networks aze a complete (lexible
sulution. However, actually there is few and imprecise
information shout capacities, technelogivs and
archilectures where Free Space Optics (or Free Spacg
Optical) ars applisd. There 15 cortain vacuum about
information relaled to neccesary networks clements
for FSO desions, besides ite cherncteristics. However,
with not much information about F30 and uging the
atendards of IeDA and 1TU {about Optic Fiber PONz)
and regarding basic knowledge about infrared
teclnotagics, desipns and close estimations can be
done in order to make initial decisions on businzss
enviraamesnts, Paths proposed lo follow for
mvestigating and stading are; FITL architeciures with
I'SQ. Infrared Access Multiplexing Systems, Desipn
of Infrared Transm:ggion Systems, develeping of
schemes and guides for designing FRO networks,
BAD on Broadband Infrared Emission and Reception
Pevices and Mathematical Modelling of such devicea
and FSO Syslems,
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