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Signal to noise ratio / Coverage area

VLC (Visible Light Communication) is a communication technology that uses
light to transmit data this technology has been used to overcome the limitations of
the radio frequency communication we use today, which has many limitations,
whether it is in terms of transmission speed data, signal interference Including the
problem of intercepting signals that are considered a serious threat to the organization.
Therefore, light communication systems were introduced to solve these problems. Li-
Fi (Light Fidelity) technology is a technology that was developed from VLC. The
highlight of Li-Fi is to make users access the Internet like a Wi-Fi system (Wireless
Fidelity). for easy understanding Li-Fi technology is the integration of VLC and Wi-Fi, in
addition, Li-Fi has higher speed data than Wi-Fi. However, Li-Fi technology has its
limitations, as Li-Fi is an optical signal which cannot pass through the wall. So, if we
need the continuing connection without interruption, lots of LED light bulbs have to
be installed in every area and have to be operated all the time even in the daytime.
Also, the use of this technology in an open area is unstable. The installation of Li-Fi
needs to be safe for human eyes and does not cause much interference. We consider
an appropriate illumination as well as SNR for the system. A large number of LED bulb
installations will indeed make lots of coverage in the room. However, this introduces
a high SNR. In addition, this large system leads to huge investments and unnecessary
use of energy. In this paper, we focus on finding the optimal number of LEDs to save
the cost of installation as well as the most energy-saving. With this effective
management, the results can be a guide to Li-Fi designers for installation in various

places
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Parameter Li-Fi Wi-Fi
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AN 2.2 LUSHUMEUAIAINNATIN9UDINITININLUUIINAN

Radius Uniformity Emin(1x) E max(1X) Ea(1x)
1.5m 0.2510 91.2062 495.9948 363.3764
1.7m 0.2814 98.9892 440.3602 351.8305
1.9m 0.3191 107.9457 | 403.2296 338.2375
2.1m 0.3658 117.9910 375.0383 322.5209
23m 0.4229 128.9622 347.6926 304.9566

2. 1m(optimal) 0.4623 144.2768 351.2281 312.0601
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ROPD (dBm)

Lengh(m) 2 57 2 gradm (m)

= U U
E‘U‘V] 2.18 aﬂ‘l‘i}mzﬂ’ﬁﬂﬁ%ﬁ]’]‘c’JLL?NSU’ENE‘ULLUUﬂ’]SQﬂ’J’NLLUU’NﬂaﬁJ

o e -

ROPD (dBm)

N ST =N

Length(m) 2

Breacth (m)

JUN 2.19 dnwgN1INTELUAIRIFULUUNTIAUULAWREY

Total
Average energy

Deployment illuminance consumption
type (Ix) (kWh/a)
16-LED 1560 736
rectangular
4-LED 1060 184
rectangular
16-LED 649 368
circular
4-LED 433 156
circular
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Reeceived Optical Power of LOS Link (Five Attocell)
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Optical Power Distribution of LOS Link

Received Power (dBm)

width (m) length (m)
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SNR of LOS Link
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3.1 na1ddn

Tuunilandumsosuetunsuniseonuuunsdaneaenlyl LED dmsussuy LiFi
sulufsaunsfildlunsmasiiisfiansanliddnasdu anmadng ndsnuisuld sauluds
Snsdruseninedyanadisuldtuduanasuniu (SNR) uaﬂmﬂﬁﬁ%ﬁmiﬂﬁnﬁqmmgm
aruahadeligldiilathenuahsiiseniniuar bifusuamedemeni sulufunsgiu
SNR #idudsildmmunuszansamaesszuunisdearsuazludiuaainsazfunisesung

WefudanasAuNlglunisinIwasnlndinsuaud

3.2 N153189952UU

¥
o =]

Tunmsdassszuvilinazdansfelusunsy MATLAB Fadulusunsuild$uainy
foulunyinidouardumsgnilunmavagoy dwdudunounishassiumaiimeifindes
nsUnouazisuAuUNTnNIlALA seves anugsanniauludineds yunasuldly
N135usas (FOV) Andsnuuaavasntn mnuainswamasalil Lag AIAIINATIANLIATEIU

lngsgasidunvemiinesane Alddmiummeassaunsaalalunisni 3.1

AN5199 3.1 ANNSITLRSALTIUN1SINaD4

Parameters Values
YUY 5x5x3 @NUIANLINT
AuEnn1nsuluganads 2.15 14M3
NHIUYBIADA LN 10 I8t
ANANEINRIaR LY 1050 gisiu
uiinesulflunsiunas (Fov) 70 931
ANANNATIANUNINTTIY 500 &nd
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3.3 nsuIInuIUanlv
dlalsmsuaimsfinesiieuda MATUSIRaTINSAI A WIuTaon L
dofigldginestianmnsodanaguuuulmildthg faflaunsiuiolud [16)
MxNxI

oy = (3.1)
LuxCuxLd

e M uag N feaunitauazanuenivesies I Asaiuadneniuunnsgiu lngeiniiy
adnanunnsgIuiinsdaduiegf 400 and Lu Aemnuainswemasali 1 ave CU fie
duuszdnsnisldou dldnuluiesinluaduuseansnmsldanuazingu 1 wavgavine Ld

A = = v o’ " a v
ﬂa?‘ﬂﬂfmllLaamaﬂqwmaﬂﬁaaﬁ‘lw sﬁﬂﬂ'ﬁ/ﬂﬂ'ﬂqLUUﬁaa@lV\ﬂﬁNﬂqﬂfgq@JLaaﬂJaﬂqW"\]gLWqﬂU 1

3.4 FUBUUNITAINIY
PRI AUNTTA 3.1 TUNITAIUIULIINUINYBIL ASIT AR NN 9num 12 29
gj @ o gj [ 4:1' [ I3 a
s INAzvaen I muamFUsuUNIsIaNe Tnesukuuisasldlunisdnanefasd
Va3 JULUU 1Aln JULUUNISININUUUEMAEN  JULUUNITININWUUMNaNWAE ULUY
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3.5  AAuaI19n1eluiog

Distance(d)

!:./ Incident Angle (')
|

v
E j Photo Detector

|

JUN 3.2 msSu-dedqansevinmaen liiuiisuuas

(v Qj' v [ v 3 ) | ]
RN lasukuuN1sInevaealiidy wfasinnsmeANalaemasa
WABLAIY TIANALLTLLASANNNTAVNIRANNENNISAIUEATST [17]

1(0)coS ™(0)

E = S;

cos(¥) (3.2)

Ty 1(0) Aepruidunasvesviasnl LED M Ao d19uves Lambertian d s28¥119310
masuludanieds @ Aeyunisunssdvesvaenlil LED ¥ feyuannsznu e 2 quilBuyu
MAnnszeznavesnasulugsluds welidilaaunisuningstuaunsag easdenves
AMISEimesaaqlalusun 3.2 Tudiuvesdrduves Lambertian aunsanilaainaunis
Y &
AU

-In2

m= ——— .
In(cos B1/2) (3.3)

Iy cOS D1/, Aoyumasaudasounas wagndsnimlddaiuainsemasnlvusias

ANLLALTIAAZEANAILET RN TR UAIE Nae T UAIANLAI T B
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3.6 WINIFIUANNETINETUDS
Tuthtumalulagnmsdemsiouasiugieglutunounmeasddfuuaniuiiuas
gelailadnnsuinluldegraunsnans Swihli o neuddsldlddnsiuunmiasgiuauaing
dnsusruunisiomauuud wavednefismauiuiiszuumsieansieuasazdedduadly
nsdadoya SedumneauiBsmanuainannitlsssansnmnslinuiasituuied
Fosndnumrnianszasnasaugdae Weligldtuladidanuadnsfioonuniuaglaifu
Supesteansn wagldunssuauaiesesuanauidunasisnds Tnsuesyuiide

11 IES (The Illuminating Engineering Society of North America) %ﬂummg’m%ﬁmiﬁzu

9

NURNT I ULBZANANUEINTUR NI Ed S UNS I ulaesaly [18]

P ! ° Y ! & A
MITNN 3.2 3J’1(§13§1Uﬂ’31ﬂﬁ’ﬂﬁﬁ’ﬁﬂiULLmaBW‘LA‘V}

o

>

Wuiieineg CIE IES
viavilsyau 300-500-750 200-300-500
viaoZizuuuy 500-750-1000 500-750-1000
viaovineuvinll 300-500-750 200-300-500
viavmaufiitnas 300-500-750 200-300-500
navaun 300-500-750 200-300-500
sSrualuaaswniiy 500-750 500-750-1000
taeas 200-300-500 200-300-500
viaulAuuas 100-150-200 100-150-200
viavaauiivdauinadausy 100-150-200 100-150-200
1adin 100-150-200 100-150-200
MILAU 50-100-150 100-150-200
1iu'la 100-150-200 100-150-200
anlv 100-150-200 100-150-200
M58 3.3 AsgIUANLEISd T USN v LAz TN

Wuiieneg CIE IES

U l/Ex. warehouse / 9uilsgnauvialal 150-200-300 200-300-500
nuneny / Ex.oulsvaaudusiu vl 200-300-500 500-750-1000
Nuanidaaithunate / Ex.ouilssnaudusdiuauiaidn 300-500-750 1000-1500-2000
Nuandun / Ex.udsynau fudruznaidnun 500-750-1000 2000-3000-5000
Nuanidamna/Ex.ulsynauiusunnaiies 1000-1500-2000 |5000-7500-10000
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A15197 3.2 1Az 3.3 HULTUR1519AIANNATALUIALNUT I UL A nwaIE NS 1Y

U I@aﬁhmma'mﬁmLﬁuﬁLfJuﬂ"]mmm'Nﬂﬁ’wi’wﬁ%uagjﬁ’wmmﬁaq f0819YU Va9
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Usgay 611edluunmdnAIAINaI Nt uAIAITITeg Nl 200 And (11BITUIANAIIAILETNS

q

AIATOET 400 nduaziiesuinlryAnNaIeRIsaveed 500 andilusu Tumi15199

Y

[

3.3 15798LNIAIANET AT NRsguilaseuliezedil 10000 §nd Feainaseilisn

Y

¥
! v A

aunsasfulalainanuainasesuiagliidusunseseatsniniuau

Y I

A9UNIIVLUINFIDEIUA LT AIAINEINNLAY 10000 angiutng woliuiuundlad

Y

a a

mMsUseAvgvaealnliiidodn SAD lamp tieldlumsinwivaeiidulsaduairfiinan
nansgnumNganta lngain1siaziialugag gauuniuazgglulisndududisidunades
110 ﬂ""uLLuzﬁﬂumi%’ﬂwﬂim‘fﬁa@’ﬂw%éfaqWmmuaaﬂiﬂ%’uLLmLL@mm&Juaﬂﬂaas] ety
ﬂizﬁﬁﬁaqlﬂﬁmﬁqmw%ama‘jﬂmqﬁuQ’ﬂas%éfaﬂ%’ SAD lamp Tunisénwilnevaon i
anunsnsnaasmuadslddaud 10000 dndluauis 100000 dndld Fsaauainavaniidu
Aaainsueniiintuluudagdioaa) mmia@iwazﬁmmuiﬁmL@Mié’ﬂumiwﬁ
3.4 [19] lowheamuainwemasnlniideuinsgs Fsdesiindnnsdnnaiieliasnsiy

ARA8A LAENaNNISIANLAANNUALIIT Apaaraastnlulu) 45 a9ANINaNeR LAY

segrinesening lddeslivesndt 0.5 wnsiduas19@n [20]
' ] el

JUN 3.3 Megren1slda SAD lamp

9nlugun 3.3 1519z0ulaan SAD lamp duaunsaldanuldindounasalnialy 39

a

S A a = o o = v Aa A
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AN5199 3.4 ANANNAIS I ULAAZ YA

Condition [lumination
(ftcd) (lux)
Sunlight 10000 107527
Full Daylight 1000 10752
Overcast Day 100 1075
Very Dark Day 10 107
Twilight 1 10.8
Deep Twilight 0.1 1.08
Full Moon 0.01 0.108
Quarter Moon 0.001 0.0108
Starlight 0.0001 0.0011
Overcast Night 0.00001 0.0001

37 wasnuisuld

amdsnuiisuld (B.) dedunsiwesiiddaiionlildmen SNR Tnsrmdsenid
AnINMSSUF I uavaIgUnIalsuLES Fagmnsundwuldieesfiverldtunounis
wasdaamandududyniuiinealdnduuesy dAmduuisuldamisomldann
dumseuansd [21]

P._ H(0)- P, (3.0)

Tne P, Aendsuswewaenld uag H(0) Aodnswenedesdyarn@eanmnsamifain

AUNTAUANT
(m+1)A
21 D2

H(0) = cos™(@)T = gcos(¥) (3.5)
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e A feiuinisnsraduuas T Aodns1v8189832995n303483 g AodnI1v81e Optical
concentrator Feaansamlaainaunisin 3.6 dauarmnsifiwesioug Aldlananly Huen
WeUAUANNITIAIANEIN (AUN153.2)

n2

g = Sin2(¥,) (3.6)

Iy N Aedvlinsasyiounasiiaudvasgunsaliuas uwas P, Ao aruninwesyuiuwas Tu

duveeTgasldunlnesAansagluzun 3.4 Weusznauanutila

T «——1FD

—

LFI! Radiant Intensity & (#)

! '

Distance d
Iradiance
Angle
FOV - Incident angle
@ i
: II ) ’
/ m = Optical Filter 7, (@)
N S N Concentrator (lens ) 2(@)
Detector Aven (A1) 3 Y Photodiode with
o £ O B

‘ /—r Amplifier

JUN 3.4 diudsenauvesgunsaliumad



29

38 dnsdiuszninedyanniuldfuduminsuniu (SNR)

SNR Wlumsifiwesilddmsuvenusyansawuesnsaeans Inedaiian dunnwinls
UsEAMB AR saRaNs AR LN 989 nTis A mdsnuisulduga 15fazthen
o4 SNR sedsanunsomildannauniseuansd [22]

2
SNR = ‘RPr)S 3.7

2total

Toe R Aonmsmeuaussvesgunsnifuuas P Aendanuiisulduar 02 gpq oA

WUSUTIVRIE U YIAITUNIU Beanunsavlaannaun1sauanstl

2 i | 2 2
0%total = 0 shot T 0" amplifier (3.8)

AIANNLUTUTIUTDIF YY1 TUNIUTLARINNITTINAUTENINANUUTUTIUIINV D

29957 (sthot) fuAnuudsUsIuvesasvenedgyan ( O'Zamplifier) Ingen

AULUTUTINTEDIHEN150MIANENNNTT 3.9 Wag 3.10 MuUaIAU

0%shot = 2qR(P. + P,)B, (3.9)

lne g Aewradianaseu B, Aonrnuudsusiuainuasnieuen waz B, Asanuudsusiu
fa 1 a s A av vy 1 ) < ! a salv v ! £%
YBIMUUAIS drnveansndiwasiiduililana iy iWuainisdiwesilanailuwailu

A4UNNSN 3.7

2 1
0 amplifier = 1 amplifierBa (3.10)

aun1sfl 3.10 WuaunmsanuuUsusiureiasveedaao lnai izamplifier ARAY

WUSUTIUINAMURUIRIUTENA T B wag B, feuwuudisvevsasuenedygin
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v

3.9  wInsgudnTdusEninedyyamiulatudyainsuniu (SNR)

v v v v
[

dusunasguieldlunisedeiiluannsguiiidedn Asymmetric Digital
Subscribers Line (ADSL) snasguilidusnsgiuvessyuunisdeasiuuulfans Jausiusly
szuu Wi-Fi Aldiueglulagiuilduasguiidunasiiunisinunuszdninmvesszuy

eavtduneg@aansaglatunnseiiuasd [23]

AN5199 3.5 USLANSAINYR9SEUUNSERENT LS ane

SNR(dB) Signal Strength
> 29 Excellent
20 - 28 Good
11-20 Fair
<10 Bad signal

Toyatun1sen 3.5 axdunasinldlunsimueadszavsnmeesszuunisdoasiuy
1$ane isnazmiuladngeen SNR faunnwinlsussdngnmuesssuunisdeansiaziduuin

WINTIU

3.10 dana3nu

msdanalasnsldnisldsanesiiufieduisfitielisszvdananlsd Tnefislsl
éfaﬂLﬁammm@i’wLmﬂﬂuﬂ'ﬁam&gmazmgﬂLmeﬁmmaq dwsusaneifiuiisagiiunld
Tusuiliie Greedy algorithm Sane3fiui lddmsunisuidaymitldlafiaudud ounay
p3slunsan Tnsagimsanndeyaiifoglurnsduiiimadenlafivsrlinadwsoonund
fian waz estudaneiiuddndnnasviud Wlddudounnindailidlnguda

Tassasedanasiuasdunuudady (Linear Data Structure) [24]
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3.11 Q29819159 UDaNaINY

U 3.5 §U18veI8nlullf
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Ppin1sivinstszdusenisdensulnsvseveeavioy Weduanduneuilgnvdves
HIuneYeesudua delunsaiidessuiumeuiu davliaunsaneululassudnslauazas

v = o a a g v < v v . P
NOUAIBASUYLNTIU Fen1siaonUseniiiogldneunazsedly Greedy algorithm 110
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v a o
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Abstract— A Light Fidelity (Li-Fi) is a wireless
communication technology that relies on light to transmit data.
This technology is similar to Wi-Fi communication that relies on
radio frequencies to transmit data. The Li-Fi technology is
operated through LED lamps where the light intensity is
obtained by photorcceptor and then this data will be sent to the
devices connected to the network. For Wi-Fi, the dense access
points provide more reliability and higher SNR. Unlike Wi-Fi,
higher SNR of Li-Fi mcans stronger illuminance to both devices
and human cyes. Then, this can be harmful to user’s hecalth
unintentionally. In this paper, the optimal number of LED
lamps for one standard-sized room is presented. The minimum
and maximum illuminations based on IES (Illumination
Engincering Socicty) that is very detrimental to the human cyes
are consider here. Moreover, three commercial LED bulbs with
different wattage sizes are adopted in simulation. The results
show that cither 2x2 or 3x3 LED lamps is the optimal number
depending on the condition of limited power and SNR
requirement.

Keywords— Visible Light Communication (VLC), Light
Emitting Diode (LED), Light Fidelity (Li-Fi), Signal to Noise
Ratio(SNR)

I INTRODUCTION

A Li-Fi (Light Fidelity) is a wireless technology that
works primarily through the light transmission. It uses only
the LED lamp to transmit the signal [1]. This means that no
matter where you go, as long as you can only have the light
from the lamp, you can access the Internet immediately. This
technology transmits data through the change of illumination
or the amplitude of visible light in the range from 400 and 800
THz. The highlights of this technology are that it is simple to
be installed in which we need only the LED bulbs used in the
house or building. It is able to transmit wireless signals at
speed up to 224 gigabits per second which is higher than the
best Wi-Fi technology nowadays [2]. The Li-Fi main
components are divided into 3 parts 1) Lamp Driver 2) LED
lamp 3) Photo Detector. The working principle of LIFI is as
follows. The first step is to input the signal into the LED lamp
with signal processing technology. The second stage is to
convey a high-speed beam of light to the photodetector. Then,
the illumination in the beam is then interpreted as a signal. The
signal is then powered up by a receiver and finally converted
to a binary stream that can be used to represent web content,
video signals, or audio signals. However, Li-Fi technology has
its limitations, as Li-Fi is an optical signal which cannot pass
through the wall. So, if we need the continuing connection
without interruption, lots of LED light bulbs have to be
installed in every area and have to be operated all the time
even in the daytime. Also, the use of this technology in an

978-0-7381-1127-8/21/$31.00 ©2021 IEEE

open area is unstable. The Li-Fi is currently being deployed in
the skyspace, with AirBus developing Li-Fi for the use in
aircraft control chambers and preparing to deploy the system
on all aircraft. As the convenience for all passengers, Apple's
10S operating system has a function to support Li-Fi on the
plane. The installation of Li-Fi needs to be safe for human
eyes and does not cause much interference. We consider an
appropriate illumination as well as SNR for the system. A
large number of LED bulb installation will indeed make lots
of coverage in the room. However, this introduces a high SNR.
In addition, this large system leads to a huge investment and
an unnecessary use of energy. In this paper, we focus on
finding the optimal number of LEDs to save the cost of
installation as well as the most energy saving. With this
effective management, the results can be a guide to Li-Fi
designer for installation in various places. The rest of this
paper is organized as follows. The system model is discussed
in Section II. Then, the problem simulation is shown in
Section III. Afterwards, simulation results and discussion are
shown in Section IV. Finally, Section V concludes the paper.

II.  SYSTEM MODEL

A. The Hotizontal Illumination

The luminous intensity emitted by a light source, also
known as the Lambertian light-emitting pattern, is a cosine
function form. This depends on the angle of illumination and
the receiving angle on the ground which can be written as [3]

1(®) = 1(0)COS ™(®) (1)

LED

4 Irradiance Angle (0)
{

Distance(d)

e/ Incident Amgte (1)

Cj Photo Detector
1[ 3

| |

Fig. 1 System model for Li-Fi communication
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where 1(0) is the luminous intensity in the normal
direction of LED , @ is the angle of illumination , m is the
order of Lambertian pattern. This will radiate in the form of a
semi-angle @, /,
—in2

m= ——— (2)

In(cos0y;2)

The horizontal illumination Ej,,. can be written as

3

m,
- l(o)cc:is2 @ . cosqu)

hor
where d is the direct distance between LED and
photodetector surface.

B. Received Power from LED Lights

Channel DC Gain H(0) is one of the most important
characteristics of a VLC channel and it also determines the
Signal to Noise Ratio (SNR) achieved in the event of constant
transmitted power. This gain is explained as [4]

D2 cos™ (DT (W) g (W)cos (W) ,

2mDg 2
o<y <y “4)
0,0 >,

H(0) =

where A is the physical area of the photodetector, Dy is the
distance between transmitter and receiver, ¥ is the incidence
angle, @ angle of irradiation, T (W) is the gain of optical filter
, g(¥) is the gain of an optical connector and ¥, is the ficld
of view of the receiver. Then, we can find g(¥) as follows.

n2

0S¥ <Y,

sin?(¥;) (5)
0,0=Y

where 7 is the refractive index. If the field of receiver view
Y. is less than 0, then g(¥)is 0. We can find received

power from LED lights using (6).

B~ H(0)" P, (©6)
where P, is the power transmitted from LED lights.

g¥) =

C. Signal to Noise Ratio
After we found the received power B, from LED , we use
this value to find the SNR. The greater SNR give a better
signal which can be found from the following equation[5].
(RPy)?

%ol

SNR = %)
where R is the photodiode responsivity and 02,4 is total
noise variance which can be found as :
0-2 total= ﬂzshnt+ {’Zmnnlifier ®
where 02, is shot-noise variance and azampuﬁe,. is
amplifier-noise variance and 02, can be found from the
below equation.

0%snot = 2qR(P. + B,)B, ©)
where q is the Electron mass, which is 1.602 x 107*°C , P,
is noise power of the ambient light and B,, is noise bandwidth
which can be found by.

B, = LR, (10)

where [, is noise bandwidth factor and R, is data rate. The
amplifier-noise variance can be found from (11).

2 s §72
0" amplifier = L amplifierBa an

where izam,,“ frier is amplifier noise and B, is bandwidth of
amplifier.

III.  PROBLEM FORMULATION

In this section, we simulate the placement of LED in a
standard-sized office which has a dimension of 4.26x5.48x3
m®. The LED is placed at the height of 2.15 m from the
receiving plane and the table height 0.85 m. We consider 3
sizes: 10 W, 18 W, and 20 W. The number of bulbs used for
installation will be varied using the following equation [6].

A(m?)«I
NMeq =—1— (12)
where A is the room size in square meters and / is the
standard illumination. In the working room, the illumination
should be at least 500 lux and Lu is the LED luminous flux.

A. LED Arrangements

In this section, we discuss five different types of LED
arrangements, each of which uses a different number of LED
bulbs. The uniform distribution for all types is assumed. All
types are configured on the same standard-sized room.
Therefore, all five LED arrangements include 1x1, 2x2, 3x3,
4x4, and 5x5. These LED arrangements are easy to set up and
enough to provide brightness throughout the room.

() (d)

(e)

Fig. 2 LED arrangement in one standard-sized room : (a) 1x1
(b) 2x2 (¢) 3x3 (d) 4x4 (e) 5x5.
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B. Type of LED bulbs

Nowadays, there are many types of bulbs for us to choose
from. The most popular one is the LED bulb which is a light
bulb that is low of cost. It also has long-life usage and does
not emit UV rays that harm the human eyes. This is the reason
that we focus on this type of bulb to simulate an arrangement.
The LED that we chose would be a tube light LED because
this is the most common type of LED used in the room and
building. We consider all 3 sizes of LED bulbs: 10W, 18W,
and 20 W. All parameters for simulation are shown in
Table L.

TABLE I : Parameters of LED
Parameters

4.26 X 5.48 m?
1050 Im (For LED 10 W)
1800 Im (For LED 18 W)
1900 Im (For LED 20 W)

Room Size
LED luminous

LED current 85 mA (For LED 10 W)
147 mA (For LED 18 W)
160 mA (For LED 20 W)
LED half intensity viewing 60°
angle
Field of view 70°

IV. SIMULATION RESULTS AND DISCUSSION

In this section, we simulate the installation of LED for 3
sizes. We also evaluate which LED lamps can provide the
optimum illumination according to IES standards, as well as
SNR of the LED lamps.

A. Hlumination

6500

Room lenght m]
5w
8
g

~

4500

& B
&
g

o
o

3500

0 05 1 15 2 25 3 35 4
Room width [m)

Fig. 3 Tllumination distribution of 3x3 arrangement.

Figure 3 shows the pattern of light distribution in a room.
Mostly, the area in the center of the room has the highest
luminous intensity because it is an area with a lot of light
overlays. The IES standard of illumination stipulates that the
illumination must not be less than 400 lux and should not be
exceed 10000 lux as it may cause eye damage.

x10*

8 —e— 10W|

2 | W
o 200

36
<
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£
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LED

Fig 4 . Comparison illumination of the LED arrangements

Figure 4 shows a comparison of illumination for the 3-size
LED bulbs with different arrangements. This simulation
demonstrates that all types of LED arrangements have a total
illumination exceeding 400 lux, except the 1x1 LED
arrangement, which will be explained in next section. From
the results, there are only two arrangements that have total
illumination exceeding TES standards which are 4x4 and 5x5
arrangements. However, these arrangements are not suitable
for the use in this room. So, we consider only two
arrangements: 2x2 and 3x3. Although both arrangements
have illumination that is within the IES standard, we choose
the one arrangement that produce the highest illumination to
provide the best performance for Li-Fi system. Therefore, we
choose to consider the 3x3 arrangement. Also, the 3 sizes of
LED bulbs: 10 W 5283 Lux LED, 18 W 9056 Lux LED, and
20 W 9559 Lux LED are in focus. When we consider the
suitability of the human eye, a 10 Watt LED bulb provides
the optimal illumination. This is because the other two sizes
of LED lamps have the illumination of almost 10000 lux
which can be harmful to the human eyes.

B. Signal to Noise Ratio
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Fig 5. SNR of 3x3 arrangement.

Figure 5 shows the SNR of an LED bulb. As we can see,
the higher SNR provides the better signal. Please not that
SNR is considered as an important factor for Li-FI
communications.
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Fig 6 . Comparison of SNR for LED arrangements.

Figure 6 shows a comparison of SNR, in which we can see
that the SNR of all four patterns is relatively similar. However,
we consider the SNR in the arrangements that provides the
most suitable illumination for human eye which is 3x3
arrangements. This type has SNR: 10 W 84 dB LED, 18 W 85
dB LED, and LED 20 W 86 dB. Therefore, we can conclude
that 10 W LED bulbs are the most suitable for installation and
safe for human eyes. Also, this arrangement provides a good
SNR performance. The 4x4 and 5x5 arrangements are suitable
for larger rooms because the larger the room needs more LED

light.

C. Coverage Area
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Fig. 7 Illumination of 1x1 LED arrangement.

The coverage area is very important for Li-Fi
communication. This communication uses light to transmit
data, So all areas in the room must have illumination not lower
than the IES standard. In this simulation, we need all areas of
the room to have an illuminance of at least 400 Lux which is
the minimum illuminance level in the office. Figure 7 show
the 1x1 LED arrangement which uses just one LED for the
installation. Note that it is installed in the middle of the room.

TABLE 11 : Minimum and maximum illuminations.

LEDs 10 W(Lux) 18 W(Lux) 20 W(Lux)
min max min max min max
1x1 22 227 38 389 40 411
2x2 536 1547 918 2652 971 2800
3x3 3154 | 6545 | 5407 11222 5708 11824
4x4 9115 | 22926 | 15626 | 40034 | 16494 | 42271
5x5 21341 | 61160 | 36585 | 104650 | 38617 | 110360

Note: Shaded areas are too dangerous for human eyes.

Table II shows the minimum and maximum luminance
values of each LED arrangement. As a result, we have found
that the arrangement of the LEDs in a I1x1 pattern has a
luminance value of less than 400 lux altogether. This is
because it doesn't have any illuminance from other LED light
bulbs to interfere. Thus, it results in a very low light intensity
and it is not safe for human eyes. For 4x4 and 5x5 LED
arrangements, the illumination exceeds 10000 lux, although
these two arrangements have higher SNR performance than
other arrangements. This is very detrimental to the human
eyes. Therefore, we use 2x2 and 3x3 LED arrangements to
cover the entire room. The optimal LED lamps should be
either 2x2 or 3x3. It depends on tradeoff between power
consumption and SNR performance. For example, if the
system requires SNR less than 75 dB and limited power
consumption, the optimal LED lamps is 2x2 with 10 W bulbs.
In turn, if the system requires the best SNR without power
constraint, the optimal LED lamps is 3x3 with 10 W bulbs.

V. CONCLUSION

In this paper, we have investigated into the optimal number
of LED lamps for Li-Fi communications by comparing their
performance using the three LED bulbs including 10W, 18W,
and 20W. All types of LED bulbs are commercially indoor
LED bulbs. The optimization conditions are as follows. 1) the
illumination must not harm the human eyes and 2) SNR must
be effective for communications. The results have shown that
if the system requires the best SNR without power constraint,
a 3x3 arrangement using a 10 W LED bulb is most suitable
one for the use in an office setting. That is because the 10W
LED bulbs are visually optimized for IES standard and SNR
is good for communications. Also, this arrangement is not
costly and efficiently saves or energy comparing other types
of bulbs.
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