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ABSTRACT

The performance of opticd wirelesstransmisson systems is mainly impaired by the shot noise induced by ambient light,
interference produced by artificial light sources, transmitted opticd power limitations due to high path losses and channel
bandwidth limitations due to inter-symbal interference (1Sl) produced by the multi path dispersion of the opticd signal. The
contribution of these fadors to the performance evaluation of infrared links have only been addressed independently and the
combined effed of these channel impairments was not presented yet. The work presented in this paper extends the previous
analysis by taking into acount the cmbined effeds of both optica noise (shot noise and interference) and channel impulse
response. A simulation padage was used to determine the indoar opticd channel impulse response due to the propagation
losses and multipath dispersion under various room geometries and emitter/receéver parameters. The mntribution of the
interference produced by incandescent and fluorescent lamps was done through the utilisation of analytical models. The
penalty introduced by these channel charaderistics was quantified considering the modul ation schemes usually considered for
optica wireless communicaion systems: 2-, 4- and 16-PPFM (pulse paosition modulation) at bit rates from 1 to 10Mbps.

Keywords: indoar infrared wireless communications, multi path dispersion, pulse paosition modulation, opticd noise, opticd
interference infrared.

1. INTRODUCTION

The utili sation of non-direded infrared (IR) radiation for indoar wireless locd areanetworks was initially proposed by
Gfeller’. Since then, an increasing number of contributions have presented on related subjeds?*®. The demand of high data
rate coommunicaions and user mobility, as well as the congested radio frequency (RF) spedrum, are increasing the
investigation in this area Since the communicaion channel is confined to closed rooms, the IR radiation has sme
advantages when compared to RF technology. The main advantages of the IR technology are the provision of an enormous
unregulated bandwidth and the esence of interference generated communicaion users placed on adjacent rooms.

In spite of opticd wirelesscommunicaion is attradive for certain high-speed applicaions, there ae several aspeds
which impair its performance One of the most important aspeds is the intersymbal interference (ISI) due to multipath
dispersion®®. The other important impairment for indoar infrared communication systems results from the strong interference
induced by ambient light such as natural and man-made (artificial) light>"*2.

Non-direded infrared communicaion systems are mainly based on the following two configurations: i) line-of-sight
(LOS) and ii) diffuse. These two types of links are ill ustrated in figure 1. A LOS link requires an unobstructed peth for
reliable coommunication whereas a diffuse link relies on the existence of surfaces with good refledion charaderistics. LOS
links require less opticd power than diffuse links, but as diffuse links are more robust to shadowing we will consider both in
our work. In both the LOS and dffuse links, the opticd signal emanates from the transmitter and impinges the recever after
multi ple refledions from walls and aher refledors. The multipath propagation causes a spread of the transmitted pulse,
which resultsin ISI.
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Figure 1. Configurations of non-direded indoor infrared links: (a) LOS, and (b) Diffuse.

The dominant source of noise in a non-direded link is badground light, which is usually a cmbination of sunlight,
incandescent and fluorescent light. The badkground light can be quite intense, espedally nea windows or under artificial
light sources’. The badground light induces a high intensity shot-noise in the photodetedor. Artificial light sources are dso
responsible for an interfering noise into the optica front-end.

Since, the maximum opticd power is limited by safety issues, high sensitivity moduation formats are desirable. The
L-PPM modulation technique has been chosen because of its power and bandwidth efficiency®*****. Recent papers®*
examined the dfeds of artificial interferenceon PPM. We extend these results by examining the dfeds of both multipath 1SI
and opticd interferenceinduced by artificial light on L-PPRM systems.

In this paper, the opticd power penalty induced by both artificial light interferenceand 1Sl due to multipath dispersion
in L-PPM wirelessinfrared transmisgon systems is evaluated. Sedion 2 describes the system model of the opticd wireless
communicdion system considered in our work. Sedion 3 presents the performance evaluation of an L-PPM system for a
channel with artificial light interference and ISl due to multi path dispersion. In sedion 4, we present computed and simulated
performanceresults. The main results of our work are presented in sedion 5.

2. SYSTEM MODEL

In this sdion we present the basic opticd wirelesscommunicaion system model. A schematic diagram for an opticd
wirelesstransmission system isillustrated in figure 2.

Encoder Optical Channel Front End
Dlanta — & Impulse Response & Decoder —» %ajl
Optical Emitter h(t) Filter
Optical Shot

Interference Noise

Figure 2. Block diagram of simulated infrared link using PPM with a MAP detedor technique.

An opticd wireless communicaion system is esentially composed by an encoder and an opticd driver in the
transmitter side and by an opticd front-end and a decoder in the recaver. The main limitations of the opticd channel are the
multi path dispersion and the opticd noise produced by natural and artificial li ght.

In awirelessinfrared communication link, the existence of multi ple paths between the transmitter and recever ensures
some resistance to shadowing of the recaéver. However, it also causes temporal dispersion, which results from the multiple
refledions of the opticd signal on the walls, celing, floor and other objeds. Multipath dispersion is the main bandwidth
limitation of the cmmunicaion system limiting the maximum data rate up to few tens of MHZ>*>*.
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The other main limitation of the opticad wirelesstransmisson systems is the noise and interference produced by the
ambient light. Ambient light can be separated into two dfferent classes: natural light (sunlight) and artificia light
(incandescent and fluorescent). The opticd light produced by these opticd sources impinges the photodetedor with high
levels of irradiance and produces two types of noise: shot noise and interference The average opticd power (background
power) that collides with the photodetedor produces ot noise with mean square value propationa to the badkground
opticad power. Both natural and artificial light contribute to the shot noise, but the sun light is usually the most degrading
fador’. The other limitation arises from the fast variations of the optica power produced by artificial light sources and causes
interference, which is added to the transmitted signal.

There ae, also, some limitations on the system performance due to the front-end noise. For a arred designed receaver
the front-end noise (thermal noise and shot noise generated in the bipolar or FET transistors) is much lower than the shot
noise due to the ambient light. Since we ae interested to evaluate the performance of wireless infrared transmission systems
considering both ambient light interference and 1Sl due to multi path dispersion, during this work, we made some assumptions
to simplify the evaluation and the analysis of our work. So, our system model assumes that there ae no bandwidth limitations
impaosed by the opticd transmitter and by the opticd front-end and that the receéver noise is negligible.

In this paper the system model presented in figure 2, asaumes that there is a cnstant badkground natural light
produced by the sunlight. Also, it is considered the contribution of the shot noise ad interference noise due to three dasses
of artificial light sources: incandescent lamps, and fluorescent lamps driven by conventional or eledronic ballasts. Finally,
our model considers three propagation channels: i) an ided distortion-free channel with no multi path dispersion, ii) a LOS
propagation channel and iii ) a diffuse propagation channel.

3. PERFORMANCE ANALYSIS

This sdion presents an analyticd performance evaluation of an L-PPM system for a dhannel with artificial light
interference and 1Sl due to multi path dispersion.
3.1 CHANNEL WITHOUT OPTICAL INTERFERENCE AND MULTIPATH DISPERSION FREE

In this paper we consider the PPM scheme using a Maximum-A-Posterior (MAP) detedion and the required optica
power is normalised to an NRZ-OOK reference system. This system considers a propagation channel without opticd
interference and multipath dispersion-free In this sdion, the analyticd models for the NRZ-OOK and L-PPM schemes are
presented for a channel without multi path dispersion and interference but where badkground shot noise exists due to natural
ambient light.

3.1.1 NRZ-OOK

In the absence of opticd interference and multi path dispersion, assuming an integrate-and-dump filter in the recever,
considering equal probabiliti es for the pasgble transmitted hits “0” and “1” and presuming an optimal dedsion level, the bit-
error-rate (BER) of the NRZ-OOK systemis given by:

1 PO, B
P. ook == [Erfc—————— (1)
- 2 H . 2mog F

where P,, isthe average recaved power, O isthe photodetedor responsivity, T, is the bit period, q is the dedronic charge
and Iz isthe DC photocurrent due to the badkground ambient light.
3.1.2 L-PPM

In L-PPM systems the input bits, at bit rate R, =1/T,, are onverted in L-PPM symbals at rate R, /log, L . Each

word of k input bits is mapped into one of the L = 2k possble symbals. An L-PPM symbal is composed by L consecutive
time slots with duration Tg =k [T, / L , where one single slot has L [P,,, [T energy and the other L —1 dlots have no energy.
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The L-PPM system, considered under this work, assumes the utilisation of an integrate-and-dump (I1&D) filter
followed by a MAP detedor. In a MAP detedor, the receved signal is sampled at every the L dots and the slot with the
largest value is assigned to the right slot.

Following Moreira®*® for an L-PAV system using a MAP detector and considering o multi path dispersion and no
opticd interference, the bit error rate can be given by:

L/ 2
Pe_PPM = [(1 Psc) 2

where P4 isthe probability of correded detedion of asymbad, and is given by:

:%D} exp(—xz)%%*E“‘W@’D“LE"avr o ©

V2

and where L [P,, (I isthe expeded signal at the output of the I&D filter and o is the shot noise root mean square val ue:
o=,q0g/T, (4)

3.2 CHANNEL WITH MULTIPATH DISPERSION

In this dion we produce analytical models for the performance evaluation of an L-PPAM system in presence of ISl
due to multipath dispersion and consider only the badkground shot noise due to natural ambient light. Also, an I1&D filter and
a MAP detedor technique ae assumed. Results are presented later for three different propagation channels: (i) multi path
dispersion-free(ii) LOS system and (iii ) diffuse system.

In a wireless transmission system, the transmitted signal is passed through the multipath channel and for fixed
transmitter and recever locations, multipath dispersion is completely charaderised by an impulse response h(t). The impulse
response can be used to analyse or simulate the d€feds of multipath dispersion on indoar opticd communication systems. We
assume, in this dion, that h(t) is normalised to have unity areaso that H(0) = 1 and that the receved signal plus noise is
passd through an integrate and dump filter.

For an L-PPM system corrupted by multi path dispersion, equation (2) is rewritten to acount the ISl contribution. So,

for an L-PPM system using a MAP detedor, considering multipath dispersion and assuming that the impulse resporse spans
over M symbadls, the bit error rate can be given by:

Pe_ PPMyp — = / 2 E(l 513MD ) (5

where Py - is the probability of the corred detedion of a symbol, considering the ISI due to multi path dispersion, and is
given by:

. o ot ]
P = A 0 0, @j c%jgcﬁwrf(%(x)))émx

(6)

11

with:
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V2w k+ LR, Mhc -c.
(Dk,j(x): \/Em_ [(k J) (7)

where the first summation of equation (6) isover all W OCM | where C isthe set of L valid codewords. M +1 is the number
of L-PPM symbals with non-zero terms due to the impulse response, ¢, is the expeded impulse response contribution after
the 1&D filter at the sampling time for the k™ slot assuming that a pulse was transmitted in that slot and G is the expeded
impul se response cntribution after the I&D filter at the sampling time for the j slots which are the non-energy s ots.

3.3 CHANNEL WITH ARTIFICIAL LIGHT INTERFERENCE

In this ®dion we mnsider an L-PPM system using a MAP detedor under artificial and natural ambient light
conditi ons. The work presented by Moreira® described the opticd interference into three different classes acwrdingly to its
source: incandescent light, fluorescent light and fluorescent light driven by eledronic ball asts. We have performed A detail ed
analyticd analysis™™ has been performed for L-PPM systems under artificial light sources, which is followed during this
work. The analysis, here presented, is developed independently of the atificial light source. Some results are presented in a
later sedion for the threetypes of opticd interference

The atificial light sources produce abadkground light which induce aDC photocurrent into the photodetedor causing
a stationary quantum noise, usually referred as shot noise. Also, the atificial light sources generate an urdesired interference

noise. S, in the cae of an opticd transmisgon system under artificial light, the shot noise mean square value is obtained
through a simple changing of equation (4) and is given by:

UTZZQE(|BN+|BA)/TS )

where | and |, arethe DC induced photocurrents due to natural and artificial light sources, respedively. The value of
theinterference d the output of the 1&D filter is given by:
t
vi(t)= Iiinterf (t) et 9)

t-T

where ijpert (t) is the interference induced current into the photodetector® and T is the duration of the integration which
corresponds to the time dlot duration (Ts) of an L-PPM symbal.

For an L-PPM system using a MAP detedor and considering both background shot noise and ogicd interference, the
bit error rateis given by**:

L2 e E
Pe_PPM| —m%_f _t[Psc, (V(t))mtE (10)

where T; is the period d the interference and V(t) is a vedor with the value of the interference d the sampling time for L
conseautive time slots:

V= ) v+ 7o) v+ 20), v+ (L -2) T ) (19

and the probability of correded detedion of asymboal considering the opticd interference, Py, (V (t)) , isgiven by:
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He H H
- L1
Py, (V —DZBIexr{ X ) EE(M Eff(/\k,j(x)))[me (12)
LM k=IH-oo J;-lk E E
with:
A ()= Y27 HH L Do T+, 2V, 13

V2 oy

34 CHANNEL WITH MULTIPATH DISPERSION AND OPTICAL INTERFERENCE

In this £dion we evaluate the system performance of an L-PPM infrared transmisson system in presence of
badkground natural and artificial ambient light, opticd interference due atificial light and ISl due to multipath dispersion.
Similarly to sedion 3.2, in this dion we use the impul se response, achieved through simulation, to consider the contribution
of the ISl due to multi path dispersion into the infrared system performance.

Also in this dion, an I1&D filter and a MAP detedor are wnsidered in our system. Results are presented later for
three different propagation channels (multipath dispersion-free LOS and dffuse) and considering three types of opticd
interference (incandescent light and fluorescent light driven by a @mnventiona ballast and by an eledronic ballast). Under
these channel conditions, we asume that the impulse response spans over M symbols and that the shot noise mean square
value, UT2 , isgiven by equation (8). The value of the interference d the output of the 1&D filter is given by equation (9). So,

for an L-PPAM system using a MAP detedor and considering the ISl due to multipath dispersion, shot noise due to
badkground light and opticd interferencedue to artificial light, the bit error rate is given by:

to+T
L/i2 H 197 5
Pe PPM, o =7 -~ — Ipscl D (V(t))mt (19
e L-1H T - E

[
where V(t) a vedor with the value of the interference d the sampling time for L conseautive time slots and is given by

equation (11). The probability of a mrreded detedion of a symba considering both the multi path dispersion and opticd
interference, Py, | (V (t)) isgiven by:

L Hm B'— B E
P, o :ﬁ%kz—lmmexp( i = [(M Erf(wk‘j(X)))%mXE "
B’ J¢k E
with
205+ L R, D —¢)+V, -V, (16)

Lpk,j(x)— NI

4. MAINRESULTS

In this edion we present the main results of the bit error rate versus the required opticad power for L-PPM systems
under several channel propagation charaderistics. The required opticd power is normalised to an NRZ-OOK reference
system considering a channel with no ogticd interference and no multipath ISI. We define an optica power penalty as the
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increased opticd signal power required to overcome the opticd channel impairments (multipath 1SI and opticd interference)
and to achieve BER = 10°,

P =100log Extraopticalsignalrequiredfor L - PPMsystem(BER =10") with ISI and/oropticalinterfererce
10 pticalsignalrequiredfor NRZ - OOK systemat1Mbps(BER =107°) without S| andopticalinterfererce
17

The performance of wireless infrared systems is grealy dependent on the channel charaderistics. The results
presented in this sction are only a few examples of the large set of the possible room configurations, recéver and emitter
locations, number and type of lighting devices, etc. As we referred during this paper, we consider in our study four ambient
light conditi ons and threepropagation channels. The ambient light conditi ons considered in our study are:

Case A - No opticd interference: Natural (sun) light (g =200uA);

CaseB - Incandescent interference: Sunlight (15 =200uA) and a 60 W incandescent lamp placed 1 meter away
fromtherecever (15, =56uA);

Case C - Fluorescent interference (conventional ballast): Sunlight (15, =200uA) and eight 36 W fluorescent lamps

driven by conventional ballasts in a 5 mx 6 m room with the recaver placed under one illumination unit,
22maway (lg, =2UA);

Case D - Fluorescent interference (eledronic ballast): Identicd to case C, but with fluorescent lamps driven by
eledronic ballasts g, =2UA.

For the evaluation of the opticd power penalty due to artificial light sources, we use the opticd interference models
obtained from experimental charaderisations®* of the opticd interference The interference waveforms and power spedral
density (PSD), for the threetypes of artificial light sources, considered in our study, are presented in figure 3.
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Figure 3. Photocurrent waveforms (the dc comporents of the waveforms was removed) and PSD:
(a) Incandescent lamp (Case B); (b) Fluorescent lamps (Case C);
(c) Fluorescent lamps driven by eledronic ball asts (Case D).
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The dedricd signal interference produced by the incandescent lamp (case B) is close to a sinusoid and the dectricd
power spedrum extends up to 1 kHz For the fluorescent lamp driven by conventional ballast (case C) the dedricd power
spedrum extends up to 20kHz. For the fluorescent lamp driven by eledronic ball ast (case D), the dedricd power spedrum
of the opticd interference has significant frequency components up to 1 MHz

For the evaluation of the opticd penalty induced by the propagation channel charaderistics we use the impulse
response obtained through simulation using the SCOPE simulation pacage®. The analyses was extended up to threedifferent
cases corresponding to:

Casel - No multipath dispersion;
Casell -  Line-of-sight configuration;
Caselll - Diffuse anfiguration.

The opticd channel impulse response and the rresponding magnitude response were obtained through detail ed
numerica simulation of optica propagation, including refledions up to fifth order®. Figure 4 presents the results obtained for
two particular emitter and receéver positionsin a 12mx 12 m x 4 m (length x width x height) room having highly refledive
walls and celing (Pcaiing = Pwais = 0.8 and proer = 0.3). Both configurations consider an ided Lambertian transmitter (half
power angle = 60°) emitting 1 W opticd power. Also, for the two cases, the recever has an adive aeaof 1 cm? and afield of
view of 85°. Case Il represents a LOS system with the recever placel 1 meter above the floor at the position (5.0, 3.4, -3.0)
and the emitter placed on the celing centre (xyz axisreference) and padnting straight down. In this case the LOS pulse arives
with a propagation delay of 22.6 ns and caries 38% of the opticd power recaved up to the fifth refledion. Case
represents a diffuse system with the transmitter in the centre of the room, placed 1 meter above the floor and straight up
oriented. In this case the recever is placal at the same place a&in the previous one.

8 T
4 [

T T
(Peak value=138.2 nW)

7+
35 b

6 I
3 b il

25

Received power (nW/s)
[

Received power (nW/s)
=

o U I I I I 0 I I I I

|
20 40 60 80 100 120 140 20 40 60 80 100 120 140
Propagation delay (ns)

Propagation delay (ns)

-126 T

Magnitude response (dB)
Magnitude response (dB)

-140

-138 L L

. . I I I I I I I I
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40
Frequency (MHz) Frequency (MHz)

(@ (b)

Figure4. Opticd channel impulse resporse and magnitude response for a:
(a) line-of-sight system (Case ll); (b) diffuse system (Case lll).
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During the evaluation of the L-PPM system performance we used artificial light interference models®*® for the
artificia light sources presented in figure 3. We amploy, aso, the impulse resporse results for LOS and diffuse channels
presented in figure 4. Becauise we have cmonsidered a lot of cases, we present, only, the main curves of the BER-vs.-SNR
performance of L-PPM links subjed to bah artificia light and multipath dispersion. At the end of this sdion we summarise
the penalty due to these impairments for the dl cases considered in this work.

Among typicdly used artificia light sources, the opticd interference induced by fluorescent lamps driven by
eledronic ball asts has been presented as the mgjor impairment when compared to the other classes of light sources. For this
reason, we focus the discusson of the achieved results to case D (fluorescent lamps driven by eledronic ball asts). Figure 5
ill ustrates an example of the BER-vs.-SNR performance of 1 Mpbs links subjed to fluorescent light interference induced by
fluorescent lamps driven by eledronic ball asts and considers a diff use propagation system. Also, there ae some airves for
1 Mbps links with no artificial light source and/or multipath ISI. From figure 5, it is shown that 16-PPM is identified as the
better solution for all cases considered. An important remark obtained from the figure is that the penalty induced by ISl
interference due to the multipath dispersion for case 11l (diffuse) is very small (about 0.4 dB for al orders of PPM) when
compared to the penalty induced by the atificial interference, which varies from about 9 dB to about 14 dB.
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16-PPM (rase D-I) -t---
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4-PPM (cdse A -111) 8-
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BN 4 PP (odse D-III) ——
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Figure5. Penalty induced by artificial light interference and ISl due to multi path dispersionin al Mbps L-PPM system.

In figure 6, we verify, that for a diffuse system operating at 10 Mbps, multipath ISl is the main degrading factor of the
system performance. Indeed, for this system the penalty induced by multipath 1Sl is about 10dB for all orders of PPM when
no artificial interference is present. When we analyse the system performance under both degrading fadors, the penalty
induced by multipath dispersion is greaer for 2-PPM than for 16-PPM. Also, it is verified that for 10 Mbps the penalty
induced by fluorescent lamps driven by eledronic ballasts is much smaller than the penalty provoked by the multipath
dispersion. For these channel conditions, 4-PPM is the best choice modulation method. In fact, the normalised opticd power
required for 16-PPM isabout 0.7 dB larger than for 4-PPVI when considering both the dhannel impairments.

In figure 7 we present the bit error rate results for a non-direded LOS system considering both multi path ISl and
artificia interference induced by fluorescent lamps driven by eledronic ballasts. It is shown that for al channel conditions
considered in thisfigure, 16-PPM provesto be the best choice When only multipath |SI due to the LOS link is considered the
opticd power required for 16-PPM is about 3.3dB smaller than for 4-PPM. When both the multipath ISl and opticd
interference ae cnsidered, the excessof required ogicd power for 4-PPM over 16-PPM reduces to about 2.3 dB, but even
in this case the 16-PPM modulation method remains the best choice
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Figure 6. Pendlty induced by fluorescent light driven by eledronic ball ast and multi path 1S (diffuse link) in a 10 Mbps L-PPM system.
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Figure 7. Penalty induced by fluorescent light driven by eledronic ball ast and multipath ISl (LOS link) in a10 Mbps L-PPM system.

Table 1 summarises the results obtained for the required opticd power for all the channel conditions considered in this
work. The required ogticd power is normalised to a reference system as defined by equation (17). From the table we @an see
that, for 1 Mbps, 16-PPM links have the small est opticd power requirements. For 10 Mbps systems, 16-PPM till requires the
smallest amount of opticd power, except for the cae Il ( diff use system) where 4-PPM modulation method has better results.
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Propagation Ambient Light Condtions
Channel Case A CaseB CaseC CaseD
Casel -7.1 -6.3 -6.8 +7.0
16-PRV Casell (LOS) -6.7 -6.0 -6.6 +7.4
Case Il (DIF) -6.6 -6.0 -6.5 +74
Casel -29 -2.2 -2.8 +10.1
1 Mbps 4-PPM Casell (LOS) -2.7 -2.0 -2.6 +104
Caselll (DIF) 2.6 2.0 25 +10.4
Casel +0.1 +0.6 +0.1 +9.0
2-PPM Casell (LOS) +0.5 +1.0 +0.5 +9.4
Caselll (DIF) +0.5 +1.0 +0.5 +9.4
Casel -19 -1.5 -1.8 +0.4
16-PRVI Casell (LOS) +3.8 +4.3 +4.0 +5.5
Caselll (DIF) +8.0 +8.6 +8.2 +9.5
Casel +2.2 +2.7 +2.3 +3.6
10 Mbps 4-PPM Casell (LOS) +7.1 +7.6 +7.2 +7.8
Caselll (DIF) +7.9 +8.4 +8.0 +8.8
Casel +5.1 +5.6 +5.2 +5.5
2-PPM Casell (LOS) +9.4 +9.9 +9.5 +9.8
Caselll (DIF) +10.2 +10.7 +10.3 +10.6

Table 1. Required opticd power for an L-PPM system at 1 and 10 Mbps ( BER, =1O_5).

5. CONCLUSIONS

Using analyticd models for the atificial interference and channel impulse response obtained through simulation, we
have evaluated the performance of L-PPM infrared links in presence of both these channel impairments.

For 1 Mbps communicdion systems corrupted by both artificial interference and multipath 1Sl due to multi path
dispersion, 16-PPM modulation scheme showed to have the best power-bandwidth efficiency. When a 10 Mbps g/stem was
considered, for an ided |SlI-freechannel, 16-PPM requires the small est opticd power among all the schemes evaluated. Even
for the non-direded LOS link 16-PPAV showed to be the best choice under al the interfering artificial light sources. For the
case of adiffuse ISl channel, 4-PPM requires about 0.7 dB lessopticd power than does 16-PPM.

It was verified that for L-PPM systems with MAP detedion, the required ogicd power for 1 Mbps communicaion
systems is mainly impased by artificial and natural light sources. For 10 Mbps systems, the major degrading fador of the
system performance is the multipath 1SI, espedally for diffuse systems. As a fina remark, the opticd interference due to
artificial light is much more important for low data rate systems while ISl is the most significent fador for high data rates.
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