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Abstract— It is presented an optical communication
transmission/reception system with an optic channebf
free space where is modulated the transmitter laser
through a set of spherical lens and optical fiberghat
expand the beam of light indoor, producing multipe
punctual images that permit to optimize the bandwith of
the system.

Index Terms—Bioelectronics, broadband, Free Space Optics
(FSO), optoelectronics, spatial modulation.

[. INTRODUCTION

The competitive companies of telecommunicatiovisich
offer new services, must fight to install altermat of
broadband access networks to the subscriber’s hiehép
networks already installed in the majority of homesd
offices. The costs of installation and operatiosoagated
with the implementation of the transmission
commutation links in the optical access networkghmi

justify when the subscriber's density was promisin

sufficient money to recover the investments andstho
obtain the awaited earnings. In the case of thex@uoccal
and political estimations of the optical networktampany, it
does not allow the arrival of the fiber up to tlaeifities of
the final user. It is necessary the installation aafcess
networks named "secondary" that achieve a relaio8 vs.
High Financial costs in order to the competitivengany
achieves the programmed profitably and offers thaited
service. This, for the service of accesses of lyaad (to
Internet, for example) for residential users andnpanies
with not very high information flows [1]. On thehatr hand,
there are local area networks (LANSs) that needsliok low
budget and facility in his installation. Also theage needs
that are not completely satisfied in a proper waghsas
access networks for users with low mobility (or rifiop of
low speed), which need low costs of connection ranttiple
applications. A wireless technology, of low constiwmp,
cost, high accounting, capacity adapted to the :i@éduch
users’ classes and high facility of installatiomuld turn into
a solution of advanced into environments wherediesity
and the growth of final users are very irregulatcn more
since the point of view of the number of subscibiéee for
the geographical areas and the random locationghich
these are. A set of network equipments and deviased on
the transmission for infrared light, is being o&eérby several
manufacturers, including peripheral of computer,ncha
devices and all kinds of devices that obtain a gagualicable
capacity that accede to high speeds on Internestitating a
network access of optical complementary technofodiber
and free space optics transmission (FSO) [1].

and

Bioelectronics takes of biology the optimizdeneents for
doing a copy and building technological mechanismith
functions based on living bodies’ components.
Telecommunications and biology present an analogy
between the optical receivers and the insect’s ,eyb®se
forms are adequate to receive signals from a tratesmand
which have been improved by the nature during amBi of
years in the environment adaptation. The sizestlamdorms
depend on the direction of the waves and on thétiad
pattern of these biotransmitters and bioreceivers
(ommatidium of insects eyes), which are similar titee
optical communications emitters and photodetectditse
growth of telecommunication services makes necgsber
optimization of the bandwidth of the transmissidramnels.
Although the optic transmission is considered asideal as
regards the attenuation and distortion charactesisthat
make that it possesses a better relation bandvodtjitude,
the demand of more transmission capacity forcesake
advantage of them efficiently. High costs, genetatghen
deploying Optic Fiber Networks at the transport elev

gtogether with other factors that avoid PONs argvia home

and/or office, have propelled the design and impletation
of partially optical networks (FITL), including aaiternative
that uses infrared light.

In this paper it is presented an optical commuiacat
system with optic channel of free space, where aédutated
the transmitter laser through a set of sphericak land
optical fibers that expands the beam of light o
producing multiple punctual images that permit fimize
the system’s bandwidth.

II. INFRARED TRANSMISSION SYSTEMS

Information transmission systems based on sgndind
receiving optical signals, wired or wireless, wodver
infrared (IR) electromagnetic spectrum range. Timdaasion
systems based on optic fibers, propagate infragid &long
low attenuation and high linearity areas such assimission
media, which are in the wavelength regions of 850 ©310
nm and 1550 nm. Different to that optical systemdiber,
optical transmission systems through the free spicaot
use a guided medium to propagate the signal. Irh suc
systems the designers do not take care about thefwesing
infrared energy in the wavelengths aforementiomed.their
design aims over the physical level, concentrategedting
the more propagated distance without fading inttaight
power below that observable by the detection systdm
infrared transmission system is composed by a rmesson
device, a reception device and a propagation medititm
characteristics for optimal optic transmission.



The transition media is the vacuum (in thisect®e air)
and presents a sum of factors about the electroatiagn
propagation resistance on infrared wavelengthsh Susum
is the result of free space losses (that can bmileddd by
using the Friis expression), lobe fading, intendibgses
caused by high temperatures (by the generationapbrs
that makes refractions), atmospheric depressicais @nd
fog) and, as a primordial factor, the need of & lof sight
between transmitter and receiver to establish ithle The
emitter system for infrared transmission (see Fgly is
composed by a modulation block and a radiation coan
that spectrum region. Such a radiation source segdy
constituted by an infrared emission diode (IRD)irdrared
laser diode (ILD) manufactured on Gallium Arseniuamd
whose crystal case can reach highly collimatedatadis, or
well lobe widths of up to 3qsee Figure 2), depending on
it uses, or not, physical optic for its output stuwe (mirrors
and convergent lens). Detection systems, or recgiare
composed by photodiodes or phototransistors, ma&dica
or Germanium, being Germanium the best absorber
intensity over a wide infrared spectrum range (Sgere 3).
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Fig. 1. Simplified sketch of a bi-directional infeal transmission
system.
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Fig. 2. Typical radiation patterns, collimated awud collimated,
for an infrared source diode.

NETWORK PROTOCOLS FOR INFRARED
ACCESS

Having high velocity, access networks are asaidhat
implies thinking about two non-hierarchical
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Fig. 3. Spectral sensibility of Ge, Si and Selentegarding human
vision.

The protocol paradigm of medium access oversipas
broadcast networks, or even in active multiplexetivorks,
is the Asynchronous Transfer Mode (ATM). It canccédte

istances in terms of clock pulses, in order toaiwbta
Fansmission convergence and make the broadcéastisend
and to receive of ATM cells. These cells are iregtidn the
SDH/SONET cells payload. So, with the establishmeint
ATM virtual circuits, and at the same time using
synchronous digital hierarchy virtual containershe t
subscriber's access into the transport networkbeastone by
interconnecting them with data networks: Interrwt,other
private and public networks.

Passive Optical Networks (PON) have the architecthat
uses ATM as its data link and medium access control
protocol. Although actually exist two well knowndaproven
protocols: Ethernet and Gigabit Ethernet, are itéenfor
bringing efficient protocols and interfaces, set
communicate subscribers and ISPs.

All Information Appliances that are being deyed in the
new wave of Home Networking, uses Internet acdessigh
gateways connected to access networks. These emerds
will be very important business targets, takingiaccount
the infrared transmission as an efficient altexmaticosts-
effective and easily deployable along Internet dbaand
access networks. There are two main wireless téggias to
use in home networking products: Infrared (IR) d&adio
frequency (RF). Until now, most of the developersd a
vendors has seen infrared networks like a corponagium-
low scale LANs technology or as a technology thakes
possible interconnecting several appliances (inétiom
applications or devices) into a house, room, SO
Office/Home Office) or whatever business with mexlidata
flow level. However, the scope is that in the né#ure,
besides having LAN infrared networks inside a hoitsalso
can obtain broadband access through networks baseR
topologies like those proposed on the next section.
addition to the use Ethernet and ATM, and evenctie
SDH/SONET frames, as the interfaces and protoculgdta
link and medium access control, in the world thsm@e facto
protocols proposed by Infrared Data AssociatiorDAY),
among other proprietary ones, see Figure 4, angtaddy

to

levels @l information appliances and access networks Idpees,

SDH/SONET networks providing the multi-technologyquigners and manufacturers that use this techyolog

access networks with high payload bandwidths thnoug
all its add/drop multiplexers (ADM access nodes).

including application software made by Microsoftdrinux
1].
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When an access network is implemented usingpetgrit
based on the protocols set of IrDA (see FigureA and
SDH/SONET protocols, and hence TCP/IP protocol® (thstandardized processing velocities working over A&N,
most used over ATM), would perform its functionseovhe
Network Layer (having into account the TCP/IP netwo Ethernet protocols. ONU has four main parts: lmtegfwith
model). On the other hand, using only the standadlirDA  ODN part, ATM cells assembling and multiplexing tpar
Physical Interfaces and Protocols, ATM or Etherneqdaptation functions part and, with standardized Q3

standards adopts the roles of data |ink, transomssi interfacesl OAM control and management part_
convergence (in the ATM case) and network layerRTE,

ATM and/or Ethernet) (see Figure 5).

IV. FSO ACCESS NETWORKS TOPOLOGIES

Fiber Into The Loop (FITL) constitutes the pd#gmatic
revolution at the moment. The longer penetratian dptical

fiber has in the local loop side, the longer daid aervices

capacities could be offered by the optical carfietwork

operator) and the other competitive carrier comgani

(CLECSs). Access networks containing some part éotsp of

it and run over optic fiber links are classifiedriber To The

Home (FTTH), Fiber To The Building (FTTB), Fiber Tite
Curb (FTTC) or Fiber To The Cabinet or pedestalTE®)

(see Figure 6) [2]. On the classification aboves thost

indicated environments where combining optic filvath

short range, high performance transmission teclymetoare:
FTTC and FTTCa. Infrared light links are more rel@and
faster when the range (distance) that it must csvemaller.
designing access networks for
bandwidth among certain areas (which everyone sos@me
hundreds of meters in diameter) is a new oppontuhét can
be used by competitive and news companies to deggogss
networks driving the optical fiber deployed up e tCurb or

Therefore,

Cabinet, that can be offered by high velocity tpors
networks carriers (see Figure 7).
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Fig. 5. Application of IrDA protocols in an accasstwork
environment, for example in order to get Interretess.

distritgti

A Passive Optical Network (PON) topology laasOLT
(Optical Line Termination), an ODN (Optical Distution
Network) and, in order to make the interface withltitude
of complementary access technologies, considered as
"secondary" access networks (of course, includiB@¥; an
ONU (Optical Network Unit). These are the PON
components and elements, which represent the resigried
and deployed access network configuration througltloe
globe (see Figure 8) [2].

Choosing network element capacities is thg ker
introducing FSO, including ILEC's or CLEC's ONUsdan
carrier's ADMs that communicate with infrared user
terminals on the one hand, and with those ONUserother
hand. It must be considered the protocol set uswd f
Mux/Demux infrared access equipment, since PONs has

has actually developed, over the Ethernet and @igab
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Fig. 7. FTTC and FFTCa topology environments usireg Space
Optics (FSO).

The links for infrared light are more relialaled fast, since
the distance that they should cover be minor, fbictv to
design infrared access networks distributed insacfa few
hundreds of meters of diameter is an opportunigy darries
competitive companies and new companies can usesti|
access networks taking advantage of the laying pical
fiber on Fiber To The Cabinet or pedestal (FTTQe)jch
there can offer the carries of networks of transpbrhigh
velocity [1].
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Mpon PON There are two kinds of transmission and reoepsiystem

TF. . ¢ Oiptic Fiber Interfaces FSO. The first one, and more used, is the onerdadizes a

FPOR double conversion: optics - electric-optics O-Eg@g Figure

13). The second one does not do really a conveigidghe
energy: optics - optics, though the latter mightttbeught as
optics (fiber) - optics (free space) O-O.

In the Figure 14 appears a system FSO of #esdhat has

alified like O-O. The signal that is inserted the
transmitter propagates for an optical fiber, gelhemaith a
wavelength of 1550 nm. The above mentioned sigsal i
amplified in a subsystem amplifier doped by Erbi(EDFA:
Erbium Doped Fiber Amplifier) and it is then emite the
free space across a system of lenses that carfy fouriction
of concentration of the wave that comes of the capti
amplifier and leave the wave goes out to the figecs. In
the receiver system the infrared wave passes $gstgem of
convergent lenses, which insert it in an optidagfi

Fig. 8. PON Components.

FSO: Free Space Optiosonsists on the use of the
propagation of infrared light across the free sp#ee air) to
transmit information (see Figure 9). The objectives
regards the systems of transmission FSO, consist
developing links point - to - point that work ohet most
reliable form that could be achieved and on theacdigs in
velocity of transmission and distance needed, diteioto use
in systems of networks of computers LAN, lines eehbf
high velocity for corporations and medium companies
systems of safety transmission to protect the mégson of
sections of networks of optical fiber or other samssion
systems and, finally, access networks to provideper
velocities of networks of optical fiber for resideh users

and of SOHOs. SR — S R
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The applications above mentioned are classifisidle the
problem of the “last mile of broadband “on the paftthe
manufacturers companies of systems FSO and of @cces
networks of Broadband Access Networks. The Figuwe 1 V. FSO NETWORK ARCHITECTURES

shows the typical topology based on which they have At this point, the most important part to hanes account
designed and installed: networks of access andeeral, s the interface between ONUs and the concentradiath
networks of last mile. Using FSO in FSOAN (FSO Asge myltiplexing equipment in the secondary FSO. Thy iketo

Network) of broadband it has given till now in sysis point  ynderstand an ONU function (see Figure 15).
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Fig. 11. Cases classified as the concept of acwsrk.

the Figure 11 appear the classified cases. FS@varenodes
elements of commutation and nodes elements of ysers
of transmission. The network elements that formstiteof an | | zorigr
access network A topology point to multipoint cae b 1
designed and installed by a numbesf nodes and a number !
n-1 of links FSO. The nodes fulfill the functions of |
commutation, routing and multiplexing needed accgrdo :
|
|
|
|

|
|
:
|
of the FSO network only changes into some few etesén :
|
|
|
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the protocols and the technologies of access nktwod

transport network used. In the Figure 12 a netwsitkws

itself point to multipoint. In this one two classefsnodes can
be defined: The node of access to a network ospramn and
the nodes of access to the FSOAN.

SHI UNI
Fig. 12. Pseudo-topology point to multipoint.



looking for the most complete model, that savedasigned
work from imprecision, interpretations and less ptete
FEC [ spliter | descriptions used in the literature. Managementcional,
O H ©0 j 1@0 Architectural and Physical levels, are just thestfistep to
: 1 reach such problem solution. Besides, it is atsudgas point
(o e Fectieal s | ptea sl of reference in the multidimensional space of
Fig. 13. FSO with conversion O-E-O. _telecommunication netw_orks design. It will only beken
: into account the functional level from the four dév
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need for designing at the management level andhrtess,
at the architectural and physical level, where nfagturers
do their work.

A. Functional Level

At this level engineers and scientists arekihigp about the
information concerning the transmission capacitithe

Adaption network must match. Thinking about that as an degaion
OF | oDN ﬂﬂnf]‘:!”; i Functions S of sub-systems, and taking those, at the same tase,
Interfiace Multiplexing E::f:hgj functions correlating input and output capacitiég. this

point it is important to think about geographiceiemsions to
be covered by the network, transmission magnitdideshe
@ services required by subscribers, dividing the pétwinto
levels and sections (actually in two levels: Tramspevel
and Access level) and its organization using blookgarts
(subsystems) that perform the access, switching and
transporting global functions. The Telecommuniaadio
For the FSON/PON, data interface and physieat pre Management Network (TMN) must be taken into account
necessary for ONU's respective adaptation functiond®Signing at this abstraction level, since it reegiiits own
designing send-receive and infrared access Mux/Befmu ~ capacity,  functional  blocks and interfaces to
broadcasting multiple users and, in some specisészafor ~intercommunicate with manageable network elemesjts |
adapting data flows driven through point-to-poinfrared
links. The integration of ONUs, Mux/Demux and ATMr (
Ethernet) assembling cells systems, is done infumgtional
package or modular equipment in the same way thaa$
done with DSLAMs (Digital Subscriber Lines Multipler) ~ done on the next example. A secondary FSO netwuak t
and ATM switches. In the infrared scheme, suchgirateed offers br.oadband access to Internet requires'ba/s.iofa.\a
equipments include all logical elements necessamperate POP (Point of Presence), infrared subscribers Imitiplier
and do an interface with ATM/Ethernet PON systems€quipment and Infrared Network Terminations (INFiglre
realizing to multiplicity of subscribers to IR liskand doing 16), which are directly connected to the consunremgses
the assemble and management of unit cells on thoqni  €duipment. Using an infrared-through-the-windowTYif)
used for data link and access network in genetml. Scheme, the link between PoP (composed by an ONilaan
integrated system as that one described abovedvenibit ~ infrared multiplexer) and consumer premises equiime
an access network topology for both FTTC and FTTCaCONSsists on an infrared electromagnetic energy bitging
having into account that in-pole installations apaaticular ~@cross the home or the office windows glasses. Abvel
case of FTTC is the most indicated choice for makin TMN, it will only be taken into account that PoPugzment,
secure line of sight infrared broadband links. that includes carrier's ONUs and infrared subscskeccess
multiplexing equipment owned by the CLEC (EtherLEC,
ATMLEC or whatever broadband access company), istmu
have into its functions a block system, whose fatar is Q3,
necessary for control and management (OAM) of the
capacity resources agreed with the consumer by snefn
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Fig. 15. Internal simplified scheme of an ONU.

B. Functional Design Level Applied to Secondary FSO
Networks.
In the section above were defined the actiwiti@t will be

VI. ACCESS NETWORKS MODEL DESIGN
APPLIED TO FREE SPACE OPTICS

It is necessary to make a definition regarding levels at
which telecommunications networks can be studiest, for ~SLA (Service Level Agreement).
determining on which of those levels it is possitdledo the In the analysis of geographical extension tacbeered it
reasoning; all of this with modern broadband accests necessary to consider that reachable distamcdsffared
networks on the scope and especially in the caseFafe links show much variation with the different mantfaers.
Space Optics. Here, it is offered a choice thatsizt® on However, there is a "virtual agreement” about thaseess
four abstraction levels of organization. The foevdls, that links: For the scenario of "secondary" FSO accedwarks,
compose the telecommunications network model desigthose must be among several hundred meters andnuaxi
have been proposed regarding to precedent models ah00 meters.
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Finally, and before we are going to play wibme
numbers, it must be taken into account that caipaaif PoP

usually placed in a triangular model in the fronirothe top
part of their head. In these examples, the simyds play the
function of meter of light and beyond this, thene dghe
speculation that they serve them somehow to oterttee
insect while this one is flying. The majorities tbie insects
possesses only compound eyes and are totally efifférom

the simple eyes. These compound eyes can be vexly ism
relation to the size of the head of the insects$n @se case of
fleas. They can cover much of their sides, facejnothe
above part of the head, as in the case of flies and
cockroaches. A meticulous sight in the surface of a
compound eye reveals that is divided inside a nundbe
hexagonal facets, all facets in the measure asfacsuof
mosaic in tile (see Figures 17, 18 and 19). Evexyabonal
unit has its proper lens and its proper retina simolws an
independent image from any another unit in the ol

the hundred of facets across the face of the contpeyes

equipment owned by PON proprietary carrier companieproduce proper pictures. Besides this, an insettotserve

(ILECs, EtherLECs or CLECS), can be used to eséntla¢
users quantity that it can serve and the qualityservice
(QoS) provided (maximum transmission velocity facke
user).

VII. BIONIC

The movement of the animals in the air andhim water
decides the evolutionary development of the biaabi
systems, adapted to the solution of the problenmbefaero
and hydrodynamics and in a series of cases thanatréor
the present accessible to the artificial devicése @olphin’s
skin possesses special properties that allow déhing any
resistance to the movement of the animal. The tflafnthe
wings jambs or that land of the birds is used amTgte to
construct the flying devices for the man. The bhao€ the

an object from different perspectives, all at tlaens time.
These types of eyes do not produce a clear visfoaa
focus the lenses to be able to do it in the eyehehuman
being. There are "pre-molten and pre-measured"etens
Nevertheless, they are a great help in the detatinimof the
movement (probably hundred or more units choose thi
movement simultaneously) and they help to detettiange
in the intensity of the light. To reduce the figfivision of
every ommatidium is sufficient to diminish the dieterd of
his optical small stick, making it commensurablehwihe
dimensions of the image of diffraction, accordirg dne
show in the Figures 20 and 21. The decrease dfitiraeter
of the optical small stick up to a minor dimensitwat the
diameter of the image of diffraction does not redube
visual width of the ommatidium but it reduces the
photosensibility, since the number of photoreceivier the

science dedicated to the technical employment & thsmall stick will diminish.

mechanisms developed by the living nature is naBiedic.
It was initiated by Leonardo da Vinci, who projattéhe
wings for the flight of the man. He was the foundérthe
Biomechanics in its set on having studied for tinst time

the march, the career and the jump of the man. ko t

Biomechanics also makes reference to the receipthef
mechanical oscillations and the orientation of bwely for
the organs of balance (organs otolites of the ea@he
biomechanics researches are very essential for

Bionic are branches of the Biophysics.

VIII. INSECTS' EYES

The eyes exist in several plagues in which tibéhnon-
insects and the insects are included. Spiderstlikeblack
widow are plagues, but they are not insects. Isspossess
three principal parts in their body, which are: (Bad, (2)
thorax, (3) abdomen [4]. Spiders have two princgzats in
their body: (1) abdomen, (2) cephalothoraxes. ittip part
of the cephalothoraxes of a black widow spiderregea in
two rows, one on the other one, possesses eigplesieyes.
(Some spiders have only six simple eyes). Sometsasave
both types of eyes, simple and compound, as the bée
honey, the yellow jackets and the flies. These Erepes are

the
technology and the medicine. The Biomechanics dmd t
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Fig. 17. Distribution of the insect eyes showing leication to
optimize the angle of arrival of the light.

The ideal diameter of the optical small stick tbe
ommatidium isd=f4a, wheref is the focal distance of the
lens of the ommatidium. In this case, it is obtdirthe
minimal possible narrowness of the field of visioh the
ommatidium equal tala, being maximum his sensibility to
the light. It is necessary to construct the eysiunh a way
that when the punctual light source leaves thel figlvision
of an ommatidium, this source, immediately, shoagbear
in the field of vision of an individual ommatidiuf4].



Fig. 19. (a) Schematic cut of the compound eyiefinsect:

1, Lens of the ommatidium; 2, Visual small stickaof unitary
ommatidium. Lines of outlines indicate the direnf the optical
axes of the neighboring ommatidium, (b) Dispositiérthe eyes in

the insect's head.
, ,  Punctual zource
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Fig. 20. Dimensions of the ommatidium of the commbeye.

Fig. 21. Geometry of the ommatidium of the inseeys.

IX. RESULTS

To take totally advantage of the reflectiongtaf infrared
beams for the wireless communications in closedosoces
(Figure 22), since every place, at which one is leygad,
changes his symmetry, it is necessary to take actmunt
some aspects such as: the walls, roofs, or any ott&tacle
that presents this way to optimize the communicatidt has
been designed a software that allows to calculaéie t
variations of the environment in different configtions,
where an equipment of communication is installeding a
program of channel simulation of the optical
communications do not guided for infrared (Figubdsand
25), and with an experimental accomplishment in the
laboratory (Figures 27 and 28), data has been tdoig
spatially incoherent the beam of the laser and ntaki
measures of distance from the laser to the obstatiere the
beam is reflected [5],[6].

Fig. 22. Application of the spatial incoherencetloé laser to the
optical wireless communications indoor. Being lecbappropriatly
the array of points inside the room will be abledtimize the
transmission velocity of [7], [8].

Photoemmitters and photodetectors system desgned
and constructed using hemispheres6otm of radio with
spherical lenses df cmof radio and optical fibers of plastic
of 5 mm of diameter. It is thought that this is the ideal
structure for transmission and reception when gosipared
with an planar array with the same number of sghéri
lenseg(50), see Figure 26. The radius of the semisphere was
calculated by the expressidRe = fD/d whereD is the
diameter of the spherical l1ef8.0 cm) d the diameter of the
optical fiber (0.5 cm)and f is the focal distance of the
spherical lens1(5 cn), calculated with the expressioh=
nR/2(n-1) beingn =1.5 the index of refraction of the glass
andR the radio of the spherical leRs= 1cn{see Figure 23).

Re(mm) 7%

] =

F: (mim)

Fig. 23. Curve to determine the radius of the sph@se from the
radius of the lenRe =Radius of the semispheiR,= Radius of the
spherical lensp = 1.5is the index of refraction of the glass,
d = 1Immis the diameter of the optical fiber.



I i X. CONCLUSIONS
It has been presented a method for doing dpatia

incoherence of the laser's light, based on the ephof
bionic and some results that will serve to optimibe
‘ . . . » bandwidth of the systems of optical communicatiofisis
opens the way of researches and developments of new
technological applications of low cost. It is nesay to use a
laser of average power to observe the images t@ lon
distances and lenses combined with optical fibermsrder to
be able to have a major incoherence, since a majober of
them, major quantity of points they can be seethénspace.
From these results a program of computational sitian,
that allows to compare the theoretical values witie
obtained ones experimentally has been elaborated. ohe
AL . ‘ . ‘ . ‘ . indicates that this is an original way for designiemitters
| ' | ' ‘ ' | ' and receivers of high performance for optical
communications. The method that has been developed
. . simplifies the calculations of the different pardeme of the
o optical link, and allows to find the bandwidth bktchannel,
: facilitating the design of links FSO in the accesgwork

Fig. 24. Pattern Image of five analyzed pointshim ¢omputational
simulation.

‘ , s00 B0 across windows indoor.
e b e ]
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