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LADATHUNYA PUMKAEW : AN INDOOR VISIBLE LIGHT COMMUNICATION
SYSTEM PERFORMANCE ENHANCEMENT USING SWITCHED-BEAM TECHNIQUE
ADVISOR : ASSOC.PROF.MONTHIPPA UTHANSAKUL, Ph.D., 99 PP.

Keyword : Visible Light Commmunication/Genetic Algorithm/Light Emitting Diode

Nowadays, Visible Light Communication (VLC) is an attractive alternative
technology for wireless communication because it can use some simple Light Emitting
Diodes (LEDs) instead of antennas. Typically, indoor VLC is designed to transmit only
one dataset through multiple LED beams at a time. As a result, the number of users
per unit of time (throughput) is relatively low. Therefore, this paper proposes the
design of an indoor VLC system using switched-beam technique through computer
simulation. The LED lamps are designed to be arranged in a circular array and the signal
can be transmitted through the beam of each LED lamp with the method of separating
the dataset to increase the number of simultaneous users for enhancing the indoor
VLC. The coverage area is determined from the area where the communication can be
performed at a location on the receiving plane with a Bit Error Rate less than or equal
to the specified value based on coverage illuminance according to International
Commission on Illumination (CIE) standards. In this paper, Genetic Algorithm is used to
find the suitable solution for designing parameters to achieve maximum coverage area.
The results show that a Genetic Algorithm can be used to find a suitable solution and

reduce the computational time approximately 382 minutes in proposed scenarios.
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e wazwuvnanisUszandldeunisdoasmeunasiyesiuasdulagiu
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USTIALASSUNTSULATN A TItNeTD

2.1 na1dn
nsdearsasuasfivendiu dodumalulagnisdeasisaremadonuisiiozly
Usglogiangruanudnduuasiinywdannsousaiumeniannldlunisdeans ey

¥ U L

UsgAnsnmuesmsdeansienasiuesiuliainsnsesiulaznouausseudoimnisiuns
Tewwesfldnuiiiiumnivludagiu §3de3edanusndudosiniunisdisauasdnu
Ussteassaunssuuaznguiia oadeai ot uuumislunisfaunnuise Tned3deld
sonuuunsliinadianisaduauasmazilUuszgndldfunisdeasmenasiueadiuni gl
9113 WlelindsEavBamlituszuunsdeansiouasioaiiunieluenns laganmnsaia
f\i’wmusﬂ%’mumwmEJL’Jaﬂﬁﬁﬂ‘%mmﬁw‘frummzwmiﬁaaﬁﬁammﬁmmL‘ﬁumsﬂ,u
prmsuuuidin iemluuniaznanditmissunssunazmguiiiietestunuisde 3
UszneulufenguiuazanAdoiifetestussuunsdeasimeuaiueaiunieluoinis
Tngazuvsoonidu 3 drundnfe 1) nuiieteaiunisearsniauas 2) sAdeiinetes
fuszuunsdeaseuaiiuaaiunigluenas uay 3) wuuiiasssruunsdeasiieuai

yauTiuntelua1nng

=

A v

2.2 VIZ]‘U%]VILﬂEI'J"U@\‘]
2.21  MSADEITNINLES

wase Aonasnundanwuzilunduusimaniviln (electromagnetic wave) il

AMNE1IAa uagluYa9 380-780 wilwiuns a@wsaind eud i udInatsidueinianie
1% < 8 I a = = A o I [ aa

goyeyINAMmEANSIUTEIIN 3x10° WASHeTIWNT wasdienlANUdIAYAEN1TANTAINYDY
uywd szludiungislunisuesiuiliuyedaunsasuiuasaniuianssusing 4 lu

'
& a =

Na o w v = 1 ! v v t4 @ & 1

FinUszdnTule Famnlufiuasdesnsenulidainguisvinaidesnisueaiunliaiunse
waaiuld lnsuasianenvesuywdau1saNouiu AsYevsuassAwasdisauiuad
uARNUAUARSUEULEINNEwTIU (vVisible light) Aauanslugud 2.1 Fuaedv1iasinainnis

FMiuveamNENIANETIARUaTY



1m 1 mm 780 nm 380 nm 10 nm 0.01 nm ANNEADY

Nalasnl | Swlsusa | naanveaiv | daasihleaa | Sadend | Sadunn

= < T
11iaa3 e AN

v
1A au

JUN 2.1 awnesumduwivanivihuasrunasiueuiu
(Mn: Pathak et al., 2015)

Tagluuasastinnusssundnuvasiiiauasansssuyd (natural light) 18 A39
a ¢ o & a da o & v v ¢ Y o
99ing uazuasndniusviinniiuadudes 1Wusu swzaunsaliusslevianuadliies
wAluIaInaeiuigdy fanudadnishnfAulaaInn1sUsERvivesyed (artifical light) &
Juundanilauasiuyudlanaundulagerdemalulad ieidouhuusainInsssuei wu
Weuly azifies wasviaenliviladig 9 Wudu venainuasasgnihunldusglesiluiiuves

v v A = LY

nsdesainaudniiu lutlatudadinsfnuddeiinsiuannlil sslesimedunisdeans
anae

N5 9aN5MN9ULAS (optical communication) fiennsdeansgunuuni afild
wandusnandlunisdeans (Khalighi and Uysal, 2014) T,@aaqﬁﬂﬁzﬂauﬁugwmaamiﬁaaﬁ

masaandluguin 2.2

JUN 2.2 99AUTENUNUFINYDINTAOA TN AN

Yosdaanw
A Y] 4 v oo
L. oA INIDIAITYRIY (channel) IN3DIIVAYNY J
URaINUATINA ANENN
i ﬁ — ﬁ
(source) WHia3 RURIR (destination)
(transmitter) (receiver)




e uvasiuiiadaya (source)

[

wiasillnteys AoipIesllensegunsainivimuinlunisasiedayayion

o

=b.

o

Igdmsuvinisdeans Beenavreglusliuuvasdyaiunin dygrondes viiedyyiudey

o

2))

au 9 gldanuiInsnginisaeans
® AT03EIdRYQIUNINLEN (optical transmitter)
wIesdsdaIMnIas Aeaunsalnldlunisdleya 1wy waenweadd

awasialan Wudu F9asvintnilunisiasudugiunlasuiianeasniatayalmiy

v v Y
dyanalwiineuazihlunauiudya und unin AUl was 133N I1N1SNANLTS
&

ALLUILES (Intensity Modulation: IM) lieliladeyaiauaseani

o

[y

® asdygunieuas (optical channel)

1 [ 1 [ P
YDIAY Y UNNLEIFILT AL UBNUY 2 USen AD

DAY

@ Y

1) dosdygruiniueinia ssuut innsldansindygralunisds

)

[

foyeuaw waazldennadusiinandlumsdsduanaunu Inedyauuasazgnasesnlusluuy

R U Y
[

299a1ad lUgInN1ASTULAEASY TINSAITNAUBETIUE NBLT D1 AT UNITTUNIUIINLEASN

g7

AnnunaInLilndy ¢ Lagenalinalidgyerunsuladuiiaieuaindygiuauatu

A o

2) dosdgaunriuduleineas ssuutlagldidulovnas (fiber optic)
[ o Y v o S I | o o LY
Jusnanslunisdadyaa Inaduloihuadidnuasduiaidyaiuiaigunsinssuandu

< o [ ! = ¥ £ k% A a
yuAdn ManTanlusaas Jangluuseneulume wduleuin visenaradinauningsuuin

'
o

dnvane 9 @ lngaunsadsdyaralalusseznising fnaauiflun1sanneudygyius

= [y 41' = 2 1 =3 1 [
LL@%&Iﬂ??ﬂﬂﬁ@ﬂﬂﬁlﬂﬂ?iﬂ@ﬂ’ﬁﬁjﬂ Lu&ﬂﬁﬂﬂﬁauLLllLV@ﬂlWﬁ’ﬂMﬁ’]ﬂJ’]iﬂiUﬂ?iﬂ@

'
A [

® LASBISUAEYIUNINLEY (optical receiver)

A
[

A0S UMY uEs AogUnsaliilaluntssudyeaa wu nlalaleos

S 3

(photodiode) sazviminflunisaadvdyaunawazidsulmndudygralni vse

T o

SUNIINITATIIULUUATS (Direct Detection: DD) Taen1susndyaaidoyananaindyeyio

Y

AAUNIA NTUUAIUTZLIANANITNTIVTULAIIZYIIUTNTI U TUEBlarn T sd ey el Ll

Iadgraanuvasniilntoyaias

v Y



222 FIWMUINTUATUTENNYIVIADALDADA
TueAnanudosnislumslduasainsvesyudizuanannisionesinluns
Ussensvialfiuemeugu msliuasinanagiissiedieuluieidulidosadnduna
nansfu aunseisiininemandinnueld@nviuagiamiisafunsussivivasall lag
Tud w.e. 2422 nda §a11 Lefdu (Thomas Alva Edison) Wninenaansyiiewinuls
Uszivsvanlilldmivoudisa wagldoonuuuaindiln-Unvaonlniifadsluthuisou Fede
Juanduduvesnisiauivasalil uagludlaguuldinisimasaueadfunldeuiuegis
wnsrae esnanunsaannisiindsnudunsdesainslduinnimasalvsindu 4 lne
Wannmsvewmaoaliviai 9 neuavanidunasaueadiviieldnuiilutiagtunandy
SUT 2.3 (Buduann
® iaenld (Incandescent)
viaenldiguandRifuvaonlniivihaniaan (tungsten filament) Mo
nazualilnaruud gy lionmgfifslévasngaduagyinlhAnuasainsoonan Ta
Sougeunn ddldndanulunsdosainsnnuiszansawlunsliuasainesiussana 10-15
quusie¥ad uazengmsldaudeudisi lutagtudshidundenld Wesmniluvaonlild

nasuldun

o viaeavlgeaisalwud (Fluorescent)
vaengeaLsaudnsanlluusunni naentleau JUszdnsainlunis
Tuasadnsuunans Tenasanulunisdesainaiunans uazliongnisldauuiunivaen ld
Uszunas 7-8 wih usdeidefedarsusentuluansdunsisussyeg elunasnisludeuldlu
U
® vaonglalau (Halogen)
vaeaglalaugniauINIIInraenld laeidfiivalanuussgegaiely
o § val ] Y] a | & Ay ! =
nasavilrdanunumuuinnimasnldund diulugldlununfdesnisua sainannidu
a 1 Y] 1 aa = v [ ] 1 = v
ey wiludaguuliduidey Wesnnldnduulunisdesainaunnuaziieongnisldau
ABULIH
®  YaRALAITUNI (Mercury lamp)
NABAKAITUNTINUMENANNTURBEUTEYAINTNGS (High Intensity
Discharge: HID) Aialtlilussgerinuleuseniiegnglunasaielviinueasadng lnediusunu
wasainwieindgs wazasausadesaieldlnanimasnvindu q wangdmsuldauniy

ouw Tssugaavngsy viseawuin [Wusy
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® vaanaAduLNARYIgRBITALYUY (Compact fluorescent lamp)
vaenANLNAANgeBL A udrIeNtdeNsend1 vaenntiiey 1Weand

& a =) a [ [ 1% [y 1 J
Eﬂﬂ/ﬁﬂL‘U‘NLL‘UUG]%LﬂEJ'UVﬁ@E‘UV]i\‘ILﬂaEJ'J ﬂﬂ‘l?}mgﬂ’]iVl']Q’]Uﬂﬁ']EJﬂU%ﬁ@@WQ@E]LiﬁL"'ﬁuaﬁLLmQB

g1gmsldanuninnnivaenangesisaiwud

(n) () (A) (1) ()

Ui 2.3 naenliviiasing o
(n) viaenld
(v) vinanvigeaisaLyud
(A) viaeAanlaLIu
(@) viaeAkAsIUNS
() viaenABLUNARTGDBLTALYUD

(f: https://www.wazzadu.com/article/4005, 2564)

® YapALPAdA (Light Emitting Diode: LED)

waenwoads Wuaunsalasiadidwdnfeaiulalen Fesenaumeans
Asinhwie P wazansieinivia N dauaudilunisidwandognnssdunisiiiuuy
Ludanss (forward bias) Wenszualiihlvaruyadeuseseninsansissinumsaesylia (P-N

. a a 1 = o o a a v v

Junction) 8Lénnsau (electron) kaglaa (hole) Magneluansnininasindoununsiusanuy
ililAnnisuaeendsnuesnunlugUvesuasainmislineu (photon) sauanslusun 2.4
Ingludaguvasaueadalasun1siaun il A duwagIndu waga1unsaiuasasi
ATEUARUELANDNININNTUA A LBUNT LI uLaantewiy tneTildndsulunis
] ! t'> QI dyl v aal Yo a -] ¥ 1 ] .
dosainen dslldwmalivasnueadalasunnudenlunisiiunldauegiswnsvane (Singh,

2009)
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Toa Bannsou
P N
—0 —
—0 —
* —0 —0 — — -
—0 He RN -«
«— —0 —0 —- s -~
—0 —
| 0] = T
l ASzUadIaNAITOU T
— — + l . —_—
A m
HUAIANDS

JUN 2.4 n1sludansevesmaenueadd

(Fu: https://www.scimath.org/lesson-physics/item/7237-2017-06-11-14-15-33, 2564)

TnganunsaduunUssinvvesaenueadaliilu 2 Ussinnuwdn o fe
1) viaeauLeadivuIaLan (Miniature LED)
2) vaeALdadRNELEs (High power LED)
1) aoALOADAYUIALAN
HunaenuweadififivuindnUsyanm 2-8 fadwns nseudliiin 1-20 fad
uouLlf wazivatosunse wunuunay wuulay uazuuuuuy Wusy fuanduguil 2.5 3
dulngjfealtlugunsaldidnvsofindsng q Uszuamededldluimutuieu wu Slam I

£% 6 ¥ a s =l o A A
WARSAnUEVRNLNIYIALY UTNYRARNNILAes WivelusAnvlete

b XE;

JUN 2.5 MaenukeadhvuaLin

-

(Fa: https://en.wikipedia.org/wiki/File:Verschiedene LEDs.jpg, 2564)
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2) NADALOADANAIITUEY
Junaonnoadffdndsnugs fuiedeudienssualifidaus 100 fad
wauuU§Tuly dandunisdesainagannn luuneiaannsaasemudunastdunnd
1,000 guiu TnednuaisvovaenuoadiUssamiasiinisfafsaauuusiunsasiuivi o iid
3 (Printed Circuit Board: PCB) 14U Surface Mount LED: SMD @qulvgjgniuuindeduy

waoal Tawln Advanvaregukuulidenlduduandugui 2.6

SUN 2.6 NADALDADANAIUE

v Y

(Fia: https://www.electronicshub.org/led-light-emitting-diode, 2564)

Uselevivaviaenuoadn

1) annsauszudamslindanulninldinnnimaenlnuiadu

2) flengmisldnuisuiunimaenlnadndu dmndaldauiuay 8-10
Halus anansoldauldonumnliiing 10 Y

3) Wuaainigs uazdnsnsenduvesnasiinuigafuninanemvosyudas
$U3l shlfaureannnimaenliiviingy

a) Jaevanadeussnintiosunilodieviunasaliiviady q eunsativan
gaungiluvieale

5 aunsaanldinglunisingesnm
uanaInsivaenueadfuliusslovinsdunisdesainudniy Tu

Hagiudaiinsuszgndlinunasalnneaddlusuvesnsdoasmeuasivesiiu lnonsih

aa v & d' | o Yo d' Y N & a v
‘Via@@lLL@@@@ll’ﬂfﬂL‘UULﬂﬁaﬂﬁﬁawmqmﬁlﬁﬂUﬁgUUﬂ'ﬁa@ﬁ'ﬁ@nEJLLaQ‘Wll@QL‘Viu@ﬂ@’JEJ
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2.2.3  N1539815AeLEITIND LAY
= Y a ] = g v & )

A58 0ANTAIULAINUBIIAUAD USLNNUDINISADaNsA I haalusiIna sy
N13d8a15 lneUayadrgnNadIr uIgN1INAIAINTNYBIAF ULAIRINAUANTUE 1ULAIT
waaiu (visible light) Aifiaaueninduegluyae 380 ~780 urlwwns neldvasnuoadaly

v =~ = fa & A ecay v | ) ) P

nydsdaya Wenilugunsaldidnnselindilianuaine anunsaussudandanulage uay
fiongnsldanueniuiunivaenluuuliy FRgdnundunuImeiueaEinagaasys
aunsabanisassainaaslglunsdeansiatuianiediy (Matheus et al,, 2019) Tagns
= P a < ' 1% v & = P
A0ANSMIULAINUDWAUAILNTARUIUTELANAUNSIEUlTY 2 UsznnAe 1) n1saeasene
wasAnassiunglue1A1s (indoor visible light communication) W Asdeansneluias
d1inau Msdeansanglulsaneiuia vieudinseninisussendldanuuuniesiu duandy
JUT 2.7 \Judu war 2) n1sdeansiieuaanueiun1euena1nis (outdoor visible light
communication) 19U N15a@0a155¥NI98 1 UNIAUY (Vehicle-to-Vehicle communications:
V2V) 1390158 0A15 LM UNI AU AUENNLINA N UUaUY (Vehicle-to-Infrastructure
communication: V2I) (Kocharoen, 2016) siuandlusun 2.8 lagdiulugnisdeansnieuas
upsiuazdenldauniglueins Wewinnissuniuvesuasdu o eglaeseutuiitesuin
W oA gUAUNITE 9A1TA8LAIT U WAUAIBUDNDIANTH LA SUNITTUNIUBE19UINDN

LAIDARE

JUN 2.7 msuszandldaunisdearsmeunaaniueniunielueinis
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JUN 2.8 NsUszendldanunsdeasmeunaifinediun1euena1nis

2.24  wALANTHAUAILES
sAfeiiauenssenuuusruunsieasiouaiiveadunislueias Tng
Idmaliansaquaiuas Hunsdaewuumsllsunsuaeuiiwes neingussasdvanisly
wmpadansaduduasie maiudwugldnuiannsoldauldlunanfoatu senns
DONULUUNADALOADALTLINITIALILILIAIRULUUNNAY %ﬂﬁﬂﬁsﬂ%’ammmm%’udqé’ﬁyaptu
H1UEAIvBIvanLeadfLiaznltlanISnsuenyadoya tnsurazdauasazditoys
ey desaliildauannsavinsdomslilunanfeaiunnnimdsnudaanddugui 2.9

wadatdidumsiiudssanSamuesssuunisdeansmeuaanloadiuniglueiais lneaunse

'
a

Lﬁmi’wmur;ﬂﬂé’fmwiwmmaaﬂﬁﬁﬂ%mmwﬁumﬂizuumiﬁamié’wLLmﬁmmLﬁumﬂIu

91AshuUANInseenwuUliviaenLeadRnAsEoyatnRe Ity iR ldnuaunsald

9 Y

Ul EIUT A UN18 T UL IR U T IINTU AN NARAZS UATLEIIEYINANANITWATA
a9 (interference) YoILAINUNINADANULUTLNINLAAZANLES LHBINVIADALDADALAAY

¥
LY a o

asdstayaunndaiu aslulunuIdetddinsldiswaiugnsslunisuSumeni vangay
= a I3 Ao aa o o w 4 g vad o
NgaveInsilineinsesnuuunRenLeABATINTTREBIIEIAULULIINaY e LWl
4 & Ad = = ax o 1%
AseuAaunIeiuNNasaldlun1sdeasuiniian wagiaueisnisandyauunIngennie
wadansaduaeas lnenssuduwasieglnanugldaunnigansudassawauly Jaged

swazduanaluunsaly
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Aldam 1 j % 5 gldaun

Aldra 2 g qlda 4
Aldau 3

UM 2.9 msdsdygadaeldimalinnisaquaiuas

23 U3imiassanssusazaudsedivieados
23.1  Taseadensvineuvainsaeasaleuafivaaiiv
szuunsAeansisuainesiiu Wuweluladnnadeniildsuanuauleatia
unluilagtu Wewinanunsalivasaueadilunisdsdoyailiuselominiefunasaing

99238y F9@1U50MANINISdaaIakazllunIsdeansinlunanieny nenlulasaasig

¥

N15YNUVBITTUUNTABANTAIBUATINBWAUUSENO UMY 3 d1undn Ao 1) n1ndsdayein

o

2) WA wae 3) NATUAYYIN ﬁmmmiugﬂﬁ 2.10 (Ndjiongue et al., 2000)

T o

1) apdedeysyad (Transmitter) erldanudsanisastayantddmsurionis

o

E

ﬁ@ﬁ'ﬁL“(ﬂﬁi‘”‘UU amm’lmﬁuamaumumﬂmammm (Modulation) ﬂ')EJLVlﬂUﬂV]iﬂHﬂ’]iﬂﬁ’]

foyauned 19 On-Off Keying: OOK &ai8umafinfiiesld Lummmﬂugﬂuuuwmmmmiﬂm

o

feyayrawuy Amplitude Shift Keying: ASK i flanududoun Inedyyiui baazidu

o

Fryeyradlniin 9ntuszgnadludunsalnldlunisdedyann Aevaeaueadd vinntiluns

a [ o
Wasudya ol Suduaauas LLauawamaimmsﬂsuwwﬁuaqLLawmmmaaamumw

A18n1v0U T US Lok w1 asdyaa Inedlussiulniiinszuanse (Direct Current:

DC) el mannueaditite vy

'
=

2) vosdtygad (Channel) Tuszuunsdeansasuasiuesviussdsdayyiu

g7

[

waanunsredy g aiidueiniaing Tngluvaensdedyaraiisudyaindesegluwn

L Ag7} AR} o

a

5¥AUTDIRIEN (Line Of Sight: LOS) &sluaniunisalaisenatinnisagidsnnnmuesdaygyin

LT a
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Ao o

Wesandyaruuassuniuiiinaniasnidauasdu o Tuusnunnasdsdyyiu @i

[y

whlalalaenisladinsesdeyarauas (optical bandpass filter) tieandeygusuniu

A

3) masudyaa (Receiver) aunsalfldsudmao Aalulalalon vimngn

A3 Uy asasiigndsuaziudsunduidudyg i Tneaziasasvenedyyio

(amplifier) yIuinilun1snsesderasuniuseniazveedy1unaniingiadulaain

) =

dyaansianuduwasgs eliladyganiaunmiuasgnassnuduatuaniign Nt

£

9z101dnIzUrunIsnendygyias (Demodulation) it euvasnduliidudyuradeya

1 = U = 1
LSUTJLG]EJ'JﬂUVIQﬂﬁQN']
deyanallibh dayanauas dayanadlilih
(Electrical) (Optical) (Electrical)
% e 53 Foadayn e Ty ¥ ”
Yoya [ | manardamnm viaoauoadd | | e ) ) 11inlalen mseendaan [l Teya
(Data) (Modulation) (LED) (h(t)) (PD) (Demodulation) (Data)
DC FyanasunIu (Noise)
\ Y A Y A Y J
MAdIdy M Yo Ty I Masudyans
(Transmitter) (Channel) (Receiver)

JUN 2.10 Tassaden1svhanuwesssuunsdeansieuasiueiu

(fa: Ndjiongue et al., 2000)

2.3.2  ATAUINI5UBINSHDENIABREINND LTI
wasad 19 gnlduselegunisrnuvasnisdeansaumonnaudafagdu
aregnagu Wilaliu Wugunsaldeaslianaeiaausniianusadedyarandemnniuna
nanendlauszunas 100 wns Fedoilugaisuduveinisdearsiieuas gnAnduded
.71 2423 Tpgolane1umes nsuen 1wad (Alexander Graham Bell) Tnssas1avasgunsaldl
v a ) ° a ~ a ¢ v L a
wansliulusuil 2.11 Tnenrdnnsvinusuain Wekatofindasiouasuuiuiingean
MesuMAddyy I AFuLARzgndwrulaen sEuazounads e ldnuluduaudn
Junszanldasviounasinasegiainsudmyaia Bell, 1880) lnendsainfifiinAugunsal
Hoansnanunsodsdya I unLae I indiazsausnlagise JesuinsAnwinasauinis
dasbsanenanasivduszansnnunngadu Tnglul w.a. 2543 viaankaadmsulasuainy
a ° ] ¢ v = Y ~ < a v
aulanaztunlTUselevin19anIuYDINITEDETAULAINNDNLIAY TUIWIT8UBY (Tanaka et

al,, 2003) finsveasdliviasnwaadnauidmsuvinnisdeaisnieluaiasiunsausn wazly
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UITBve4 (Haas et al, 2020) iod n.a. 2554 finmsiausuufaisfumnalulad Licht
Fidelity: LiFi fa8umaluladfifinnsviaundiondeiu Wireless Fidelity: WiFi iiiesusazld

aAa & v 1w a f & v | v ' & ' !
‘Via@@LL@a@fﬂLﬂum?ﬁﬂﬁ@li’g?m@um@ﬂu@]ﬂ')ﬂuﬂﬂ I@Sﬁﬂ‘ﬂ@ﬂuaNWUﬂ'ﬁLTJaEJULLUa\‘Iﬂ']ﬂ'J']lIﬁ'J'N

(amplitude) H1uN1IMADALRATAT A8 BT LA WS aInIsnsENIUle way

Y

[ {

A101505 VA oY AN A LA VRINABAKEABAYNAI LatTsauAnisyatoyaronil eyt

9

neludraamianitu Fanalulad LiFi o uwaUnaiatulsnuani1sa oa1saiewadd

yauTiunteluainng

sUit 2.11 Tnllalyty

(n) nrgadgyI

() npsudyyin

(Ja: https://en.wikipedia.org/wiki/Photophone, 2564)

233 misldanunasauaadanalafuuuulnasludagiu
ludatunaenueadaniin1sdnseuaidiu (array LED) Heutunldlunig

d03ai19uazn13d 0an T Y tesannishedsaenlnluaniunisalasadudndudes
ANTDIAIAIUAINANEINEA AT UAINNINTFIUANNATN FIN15ARAWMARALEaDR
Wganagt1aliauaIedldiisanesanisideu ilmdsaguninatganla deduly
aw o = = 9 Aadda v o o
NUITLTIUILLINTWNTRNRUURATHAILINADALRA D AN N TILT B akadRUlLg Ukuy
A9 9 W elUIAINAINNULAZAINAN AN VOILALNBINDsaN1T1991U BNYIvdeauIsaLiy
Usgansamlunsdeansladndie Falaediulnginastendndugluuvdmasunassuuuy

2anaunaLEndbusun 2.12 Tneluanuddeves (Niaz et al,, 2016) Win153As1EUsE@NTAN

Y

aaada v a ° aa

YDINADALOADANNNITIALILILOIAPULUVANGAY LaLNaeALoadANINITIATEILaIaAY

LUUMNNAY NUINNADALDADANTNITIALS 8awnIaf UUUALA Ul N15NSEanewasla b f
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WINTUNRBALDADANINITIALS SN ULUUINAY T99¢limNUALLE@LBYDIN1TED9EIN

1amn3n

o000 CR X
"X X K
X X XK
XX ®e o0

(n) (V)

UM 2.12 MITA589Ma8ALEADAKAIE AU
(n) sULuLAmAsY

(¥) gusuLNNal

Tusuideaes (Priyanka et al.,, 2018) Lauamﬁ%’ﬂL'%‘aaﬁmmzamﬁqmm
WapALeAsATIINTIATBILaaULUUAINAY L‘ﬁSU%JUUEQTJ%%V]%JW’]‘W"U%J\i‘ﬁzUUﬂ’]‘iﬁaa’ﬁ
Frouasfinentiu Tnoarldvasnueasidnadviivianun 16 a9 luu3unsuunn 5x5x3
ANUIANIAT TA9MA0AKEADA IMNNITIALTBILAITIAULULIINGY tnganwuulivase

LOABA 4 A9 IAIFIUNUIYUVBINUN LAENaDALadA 1 AI9TAINAILNLIATINA1IVDY

a

X Ay Y Aaa A o Y] I3 o PN
NUNADUTDUAIYVADALLDADANLVADBDN 11 A "U@Lﬁﬂ\iLUu@QﬂﬁﬂJﬂﬂLLﬁ@ﬂiugUm 2.13 FLUﬂ']ﬁ

'
= v a [

91a09b991NN15US U AEUS ATl VD98 0ALAD ATIANITIALS BNLAIEIAULUUINANAILA 1.5 —

]

2.3 s Weiuduassas 0.2 Wns Jwaansuansliiuinisad 2.1 was szuulinany
allaneveIN13dedadng (uniformity) ATOUAGUNININUNNINTIARN wardInaIlsaTUds
YA IUALAVDIMADALDADANNAY Lalilsauaniayndayasendaldaunielugian

d! 1 3
NUINUU
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JUT 2.13 Msdniseavaanieadiuniaifuluaideves (Priyanka et al., 2018)

23.4  maindszansamilaenisléimadanisnogudues

MsuiUsEanSamvessEuuNsAasieuasiitesiuluiiagiuausarih
Ialagnsldmatianisnegudiuas (optical beamforming) Aan1sAIvANEILASIRAINTH
Jafuludagunsalidvanednasulilaenss vivliligadendsnueenllufiamedls
udu LLazmmmLﬁmqmmwmmﬁmmmﬁ%’ﬂﬁﬁqLLamﬂugU‘ﬁ 2.14 FeluanAseves (Kim,
2013) lﬁﬁmiﬁwqﬂﬂszﬂﬂgﬁzyzmmmwm (Spatial Light Modulator: SLM) fauandlugui
2.15 wlglunsneguauas Tnawn3osnandayanamaaaUiovasiouaud Jugunsaliild
Tunsnandgyarandsawia (Amplitude Modulation: AM) wSenaidsyayranduna (Phase
Modulation: PM) saneluiilaanananiman (liquid crystal) 3osiaruag anansanuauls
Tnemsldreufiunesamuaslumsusuamussiulnin Weussulwihifutulumanandnand
Zoaiuaganinmadsunlas Mlimawdsuly fafuiiemnaesduaiaudounday
Tudnwaeily uduludsgunsalidmanediaasuldlaonss (Remenyi et al, 2003) luns
naaesnsassdainildlunisdeastneldindestuilndana (function generator)
LLazﬁmmﬂmazgﬂﬂgﬂé’mwmml,%’maamaa%ﬁﬁLﬁuqﬂﬂimﬂlumidaé@mm LA MERN
MADALDADAILYNASHUIATDIEIBA LAY LiamUANTUInYRsEuaslumMIVnaey waziing

Y 9

LATDINANFYYINNIUETIAIUANLABLATEIABNTIN DT LBAIUANEkasITaunsayiuly

o

v

Figunsalitmneiinnsuldlaenss lnsnadnsuandliiiuiineunsldinadanisnesu
Aka é’zymwmﬁ%ulﬁﬁulﬂamwaﬁwmiaamé“zyﬁgwmléfmmﬂﬂa INTIZAMULITIVDIF YY1
gouAuly uandsaniliinadansiegudinands wuinansafivesussesday 10
sulalaeiia1dnsdruvesdyyranisududyyiusuniu (Signal to Noise Ratio: SNR)

LALTUINNLAY
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A fAUANTadANRABA

o 2 HgY)
rinonllonan llazipiainmay e

<.-.—- ~l~ ~ audnsa &= lir —
LD - vemont Lm0 - s
- madie

e
asfegdmas

Mvdyans o MIUTyaa «

¢ v - < v -
unsaivesflion aunsalveadliam 2~

(n) @)

JUN 2.14 NMNIS9IUTBITEUUNTTARESMBLEITINO AT
(N) FPUUNTARANTIIEUAINLDUTULUUALAY

() STUUNITADANTAELAITILDILTAU lngnisheguauas

(9 Kim, 2013)

(%

gﬂﬁ 2.15 1A3penadeyayIamauas (LC 2012 Spatial Light Modulator)

(ﬁmz https://holoeye.com/|c-2012-spatial-light-modulator, 2564)

wenanilueuiseves (Kim, (2018 feanunsalsvendldinatianisnagy
e umAANITIUID L UUNAIBY 9N (multiple access) LU N1TLTIDINANBTOINI
LUUNSLUSiUA (Space Division Multiple Access: SDMA) waznsindamanedamiauuy
A15UUa12a7 (Time Division Multiple Access: TOMA) 1 o093 U U191 uT ULy
A01UNTI3 "'?fﬂL‘Vlﬂﬁﬂﬂ’ﬁﬂ"agﬂﬁﬂLLﬁQI@EJﬂ’]iLﬂst’lﬁfma’]‘EJ‘U"e]\‘I‘l/l’NLL‘U‘Uﬂ’]iLLﬁﬂﬁuﬁ ABNNT
wisduasoanduiiuiivi q fu LLazeiQél’aqungmaﬂmJ;qLﬁuﬁwLLaqlﬂé’quﬂiaiLﬂwwmwaﬁ

aasulagnse nsldvatalianunsatigligldnunatsauaunsasu - deayanion 9 fuld
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[ A

wiinLsIvesdy1uniulitzanamINdvINveldn Uiy dmatianisnegy

AR}

= 1

Suadlaonadndmaedemisuuunmautanan Aeduasimunazgnasiaenisyaduluss
gunsalilvaneusagiiadlurasnaniunndietu wpdadtaelfansadedyanaildogng
WFUALEINTO Lwiﬂ%mmﬂ'1'i%’ueiq%’auua%amaqmmﬁ”mumaq;ﬁ%’muﬁlﬂumﬂﬁuwﬁuﬁu oF
Lﬁm'ﬂmﬂsz’fmvﬂﬁﬂmsdagﬂa"mmimmwﬁm?aangﬁﬁymmmqLLm A1u1s0Y ey
Usgavsnmuesnisdeansididuedan ImammmLﬁu@mmwsuaqéi’zyzymﬁ%’ulé‘lﬁﬁ%u ugin
ffedinlusomwasaildng wmxLﬂ%aﬂé‘:ﬁwwzgmmaLLaqﬁiﬁmﬁaus’u’wqwm
PNUSTmssanssuwaruitefiiededildvihnnsfinwiniiumn wuindau
g luszuunisdeansiouasiivendunisluonamsuuuiy svanusosudsdayaiomu
Suawwesviaenuaadivna Ififiswanisyadoyadoni sfldmumelurisnamiaviibdy
dwalsiduaudlinudemhenaiviinudes dulumuideiisauenisesniuuszuy
nsdeansieuasiivestiuneluenns Insldimadanisadusiuas iefiulseadnsanves
szuunseansmeuasisesiungluemslansafinduudlinuiannsaldanuldly

LALAEINY

2.4 LLUUﬁWﬁBQi%UUﬂWigaﬁqiﬁ’?ﬂLLﬁ\‘l‘ﬁﬁJE]\‘iLﬁUﬂ']ﬂIua']ﬂqi
241  MSAILIAAINISERIEINNIINRLIEUTRINSADA SR IELETIN DI
N5 89871907146 IUBY (The horizontal illuminance: E, ) w1184
USinamenasainedinsyansuuiiuiniideaing annsafwinildainaunisd 2.1 fsamnse

a%mﬂlmugﬂ‘ﬁl 2.16 (Komine and Nakagawa, 2004)

A

Ks

1(9)

LIJ

>
a

JUM 2.16 WUUTIABINTTAUIUAINTTADIATINRULI DY
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1
hor = D(fZ) 'COS((//) (21)

A =

Wedl D, o svwevannieesdsdygaduniessuduna
¢ D YUNITURTIE
y  AD YUANNIENY
I(¢) Ao anudunsdesalnnuauauURnISuNTEwuuLaIUes ey
(Lambertian) Y89aonuead diaunsaruiadldanaunis

2.2
1(¢) =1(0)cos™ (¢) (2.2)

Toe?l  1(0) A AULTUAITADIAINTVDINADALDADA Al FILULENAIAINAUTZUIY
nn1Asu
m A LATAIAUNITENI NTEI1EVOILAILUULANLUDTITEU F9d1u190

AuIlANANNITN 2.3

~In(2)

"~ Tn(cos(4,)) 23)

'
o w

el @, - FD YUASIAIUBaDALDADR

2.4.2 n1sAUINAINEINUNSULS
TuauITedaNNTUNRNIZNA T ULEAINSULA1NANUT LA DIl AE AT
Wity (directed light) FeldAilafianansenuvasuasasyiouainuila duansdugui 2.17 Toy

AMNA1UNSULA (The received optical power: P.) @ansamuinlaainaunisy 2.4



==
6 YiavAlLada

T =)
WNsUETIE: /@,

Pl . ]
zEZM: Dd 5

WM NN 4
voalvlllalon: P/ : i

anseanad: 7
s

udsndys: g()
WWANIENY: P <

Tllalalea

JUN 2.17 wuudnasamsmuinanasunsule
(#1311: Zeng et al., 2008)

P =H(0)-P

e P AD WAL ULAINFIHIY

23

(2.9)

H(0) fo 9n519818U99t09d ey 18 Feasnsarulalaanaun1si 2.5

(m+)A
————CO0Ss T cos(y), O0<swy<V¥,
H(O)=) 22D, (DT, (w) g(y)cos(y) Wy
0, w>¥Y,
Tngfi 4 Ao fudimamenmuedilalalen
D, fo szezvnsanniededsdaiaiundessudyaia

b

D YUNTUHSE

P

AR HUANNITNU

LY

AD 9MT1818DIAINTDILEN (gain of an optical filter)

3

<

€ NS s
3

B YUNTUBLTIUYDLATOISUAY Y0 (Field Of View: FOV)

(2.5)
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g(y) A9 snsveeusaaudsIndygi (sain of an optical concentrator)

Feanusamundlaannaunisi 2.6

——, 0<
g(y)=qsin’ ¥, (2.6)

e 7 AD ANNIRNISWNLAYDILE

(3 L]

2.4.3  N1SANUIUAIDATIEIUVBIA YU UTIEUNUF Y IULNINEDA

v

Ya

H3delavenuuunasnteadfbiiin1sdnisswnidduuunnay Inevasn

aa | v N ' Y] A a o v = v = 1Y)
LeadhwsaraIadslayaunnd ey ieliudiugldnunaansaldnulalunanfeaiy
AR IALAANITUNINFDATLNI N ENITDINADALDADA LaBA1SRTIEIUIBIF Y I IBUAUY
g rauunsnaon (Signal to Interference Plus Noise Ratio: SINR ) @sisaaiuialaann
dun139 2.7 (Rahaim and Little, 2013 Wag Zeng et al., 2008)

RP.)?
SINR = ( - ) . (2.7)
(R Ziix Pr,i) to total
e R Ao ANSMaUaURIadNlnlalen
P. A9 WasIUNTULA
o, A9 AMLUTUSIUYEIF YR INSUNILTINLA (total noise variance)

FeaunsamuIlnanaunisn 2.8

2

_ 2 2
o total — 2 shot +0 amplifier (28)

c{' 2 A [ 1 a s
el o, Ao AnukUsUTIuUesdyg usuniIuannisiasedidnaseuluy

ALY

qﬂﬂiajalﬁﬂmaﬁﬂﬁ (shot noise variance)

2 P [y o o
O wpiifier D AIULUTUTIVVDIAY QYIUTUNIURNIVU WYY U (@mplifier

noise variance) F9@1U150AUIUIAINANNITA 2.9 wag 2.10

AUAIAU
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c’,,, =2qR(P_+P)B, (2.9)

2 2
o amplifier =1 ampliﬁerBa (210)

gl P A0 118491998 1aisuniuanuadlaesou (noise power of
ambient light)
- aa ~ @ 19

g Ao weuesdidnasaullAvingy 1.602x10™ C

i AD AUNUILULTDIF QY IUTUNIUIINNTV88d Yyl (amplifier
noise density)

B, fio Luusineasuenedgaad (amplifier bandwidth)

B, fo wuusmiavidyasuniu (noise-bandwidth) Fsanuisadiuaale

NEANNST 2.11
B =IR, (2.11)

JCEAA Ao MUszNaULUUMANYQYIaIUNIU (noise bandwidth factor)

R,  #® dnsINseetaya (data rate)

2.4.4 N15AIUIUAIDATIAINRANAINTA

ADMNIIAIUNANAINTN (The Bit Error Rate: BER) @11150A1udlaa1n
AUNNSN 2.12

BER = Q(\/SINR) (2.12)

loe# fladdu O, Ae AmuUndufidiuusguunfisinsgiu (standard normal

random variable) Toaiu1nnIN x

2

ﬁ Lw ery

fladdu O, =
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TneA1dnsinnuEanaindnansagensuladmsuinnsdeansiedyegyraides (voice) Tu
szuunsanatsalenauulsaty waznisdeanseonasiuaasiunieluains AeA19ns)

ANURAnaIndaN 102 (Putri et al.,, 2019) waglunwideiasiarsanariuiiasoungy 90

NUNNA1UITOVINITADATLA A FILAUIVUTLUIUAIASUNTADRIIAMURANAINDALBENIN

yIawiniu 107

2.5  nanEgy

Mnidemiinarundsduluuni nuindndnalussuunsieasiiouasiinosdi
AMgluDIATWUULAY 8a1U150 SUAIT YA U UAIYUBINADALEADAYNA i auanil
yadoyadondsldnumelutaanamiainiu dwalfdniugldnudemienaiiviin
fo fuiluniteissauensesnuuussuunsaeasmsnasiisesiiunelueims Tae
Tmadansaduduas Jadunseenuuunasauweadilidnisinssanididunuuinai
awnsnfudsdyanasituduasvosasaueadAusazaiaisisnsusnyadeya ey
UsgAvBamuesszuunsdeasmeuaidineaiiumeluenmslransafivdmugldaud

annsaldaulaluiaiiieniu lnefiasanaiiuiaseunqy F93AsgRannunnausayi

o aa

NS850 Al FLNUIUUSEUIUNIASUNTANDRS1AINNRANANN DR8N ITUT oAy 107

UUNUFIUYRINITA DI NATRUARUNHAIAINATINUINNIMTBMAAY 300 dnd Tulumy

nsgIuAIANaienigluennis



uni 3
o Y, o <
N1599NRUUIZUUNISADEISA AN ILIAY

Tneldwmaian1sdauantay

1 o
3.1 N813IUN
NNSANBIUITTAITIUNTILLAZUITB AR ol UUNTIN U wuardulnglu
sruunisdeansaisuasiivesiuniglueimsuuuiay dUsuadldaudeniisiaites

119991NN13T VAT U UH 1A AU BAKEAD AN NAI LA TV AL B AT 4YR

[
= =

tayasevileldnuneludisiamidaringy dululunuideifuauenisesnuuunasn
LOADARLNITIALI LALDIEIAULUUNNAUTIEINTOS AN U YU TUSUASVDINA DALDADRA
| % aa P ~ a ° P P P a o =
weiagA1enaeIsn1sHenyateya tiaiud g ldnunansaldnulaluanfeiu @4
WemluuniazUsznaulusme 2 dunanda 1) N1508NLUUSZUUNITA0a1SAMELAINLD LTI
Aeluaians IneldmatansaduaLas $AUD9n1sIruaAInIsmastuluswnsuAlalunng
1899 UU LNOMFALAUSTILUNEYN WY 2) DaNDSAUNITLUNITAUMIAILNLIIDINISINLN DS

NM138BNLLUY

32 n1599NWUUSTUUMSARasalendsinaniiu Tasldinadianisaduanuas
3.2.1  A1599NLUULDADALAIAIAULUUINNAY
Tunsesnuuunsandaasnueas st dudefionsananuaindiiiiome
funsldauiiviangan Jsaedasdinanuainsaganios 300-2000 dnd MLANLIRTIILAIIY
a1190181lue1A15984 International Commission on Illumination: CIE (CIE, 2001) Feanansa
WUsUsEANANanwar s IE NuUlaRIms199 3.1 wunsvhewilunelueians feens
ANainafiilsmestfosUstanm 300-700 dnd vislunsvieudldnrwaziBeags sl

a

FoslvarualauimduiEeUszans 1000-2000 ang tJudu seduluaniunisaiasedsly

) a

a1U130ANAMa0nLeaDAMNBININAEILA WesanazlvnuaitliiiemenuunsgIuns
T Wunalrlusuidediauenisesnuuussuunsdeansaeuasinouiunislueing
Tngd1ann1sAnfIRasnloasaralsnls (multiple LED) Todin1sdnisaataiandunluuienay

A e ! a
LW@IV@Jﬂ?WﬂJﬁ’NQLWENW@GHZJ@J'WﬁiWU CIE
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M19197 3.1 WnsgIuAIANaIenelueIn1sves CIE

anwaiznslgau AMNEIe (An)
Ul 300-700
NuazLdyn 500-750
QWH@BL%U@UW‘UﬂaWQ 750-1000
NuazlduAdiLAY 1000-2000

ya o

{ifveenuuuszuunsdeansiouasiivoasiunglueians tngldmadanig
ASUSILAT KunsTiansuuuielusknsy MATLAB Ings1aeinisingiaenuoas g uaed
1M Pinmsdadssuadduiuunauiusdsdygalusyuu nefdnvaredeiugunsnl
nszanedayal (access point) AiRasanatsiuiidaladasauisounsnszaredunadllds

wsessulanniianig wenendsdyaradidudldnunaisauluanisiiu lun1sesnuwuy

q T o

o v [ 1 o

VARALIADAKAIAINULUUNNANILAMVUALINARALEADANTINIDLYMIULNUINTINA NS
X A P Y pap P PR aa Y

NUTLELD LATADUTOUNIYYNADALDADNAINTIIABTWDLIDDNIINVADALDADANIINANIALI B
ludnwaizanay MssudsdarunudawevaenwaadfLiazadldisnsuenyndeya
Tnaumasauasazdoyasnieiu iiemudszaninmvesssuunisdeansionasiue i

eluemsliivsinugldnudemiieiaiuguI iy

aa =

YADALDADRNMTINGNY: NADALDAD AN INI9bASUN15a0NLUUTRIRI19ID
Aanarsvesiuf dauanddugud 3.1 (1) yun1suHSIdVaaeaLeadh (the angle of

irradiance: @) @unsaAwIulaINANNIS 3.1

S h
= — 3.1
¢ = cos (Dj (3.1)

JGEV Aa ANUgeTERInaATesdId IafesEIIUNAIATY dAwindu 2.15

bUAT

= d' [

D A9 539EN1991nLAT 03dSd ey 1D AT 995 UR Y N AU 9D

>

Eﬁ%ﬂ?ﬂﬂﬂﬁ%ﬂ?ﬂﬂ?ﬂ%ﬂ
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VADAWIRDALALTOU: YADALDADANNTILABLASUNNSERNLUULALDEI8NAN
NAALEADANTINAILAZIATEIDIEIAULUUINGYN dINaliyun1TLIEv0ma0nuweada
WA EJuliJLLamiusU‘m 3.1 () muu;ummumsaaiwmawaamaa (the new angle of

irradiance: a) ﬁ?ﬂ?iﬂﬂﬁu?ﬂﬂﬂﬁl’]ﬂﬁﬂﬂﬂiﬂ 3.2

2 2 2
cosQ = M (3.2)
2DY

d‘ (% [

oo D Ao 9388N19971NLA5 09aId 1 auD9LAT 09T UA Qe eUT BT 0

o

G RANNIEATRITGT T
fg ﬁzazmaimdwwaamLLaaﬁﬁLLazagmﬂ AR
B AD TTUENNTTIINLATOITUT Y107 °’1Lmuwaﬂsﬂﬁzmuuuiumu

NATULALIANNAA LGS

av a o

AANAAAILE (beam coordinate) ﬂE]‘Wﬂ@Vla’]LLﬁﬂmiﬁﬂaNSU@\i%aaﬂLL@ﬂSa

9

vannasuusTuuAAsuSauanslusuil 3.1 (a) anansadualdanaumsi 3.3

Beam=r+L (3.3)
Wedl 7 A9 SAH0IMARALEARRLAIRIAUKUUINGY
L A9 SEUENNNTENINYANARE AT IANARULTEUIUAIATUNAIRIN

q

Y] aa ° Y a
NUVIABALLDARBR ﬁqmqiﬂﬂWU'ﬂmiﬂ"iﬂﬂalmqﬁm 3.4

L=tan@-h (3.4)

a

gl @ A9 JULBUITIADALEADALAYTEULDLIDBNAINNADALDADANTINAIY
(z-angle)

h Ao ﬂ’J']JJﬁQ’i"’W]’NLﬂSEN?iQ WQJ, ’]ﬂJﬂ\ﬁ”U’WUWﬂ’]ﬂiU
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AIMUEN
v

a

ITUIUNIAIUY

aa
NadALLIABN

Beam

AIMUE
v

o

A
UIUNIAIUY

riaaalloaan

9

N o et L e S S

()

(n)

LGRRUGERI]
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z ALEY
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; ' tiaoallaaan S
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vinaatldaan
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1
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i 215m
i
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L “UNUNTIATU ;
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(m)

5UN 3.1 M30NUUUNABALBABAKAIEIAULUUMNAY
(N) NTOBNLUUNABALDADANTINANS
(1) MTBNHULNABALDADALAYTOU |

(M) N1SPBARUUNADNLDADALMETOU I

[

1aNNUSEANS AINNIIAIUNITADIEI19NH D9ATTIDIAIAINNEINI N R EIND

o
Qv Adu a

sonsldanumunInsgIumINEINnelueInsudity TuaddeidmarsanteUsednsnm
v a Ay ad o = ‘NI I A g Y a ¢
quWWUﬂqiﬁ@ﬁqiwmgﬂﬂqumﬁ5@UV’]QM1Uﬂq§ﬁ@aqiﬂJ’]ﬂWq@LV]’]'WLﬂu‘lﬂ‘l@ I@EJ’JLM’]WH]’]H

1w a

NUNNFIUITOVNNITADAITLA A FILAUIVUTLUIUNIASUNTADATIAIURANAINDALBENIN
PIOVIAU 107 ANUAI9RTIANURANAINDANA1UN508USU LA MSUTZUUNTEDAITAIELLAS
a ] = ) ~ v Aaaa o o w

Auaaiun1eluenns FINaIInlelASIas199891809Laad AN UNITINLS SILAIAIA UKUU
2naumuneenLuulusdTetnd SdudedlddanasnulunisAunISILALNILNZ a4

a & 1 i =~ v A = &

WEwesae 9 Nldluniseenwuy welilanunaseuagulunisdeasgen vuitugiuves
nsdesaiAsaUAqUTLieInaiansttuaLingUssasinanueide Inglunuiduils
LEUaNSIIBWITUENTIN AU wslngauvessfiwesnldluniseanuuumie

A01UNIIITIADIAN
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322  mstviuasnsilwedlulusunsuildlunissrassiuy
Amsmesn1ssnasswuululusunsy MATLAB wandlumisned 3.2 @
summsuaqﬁuﬁqﬂﬁ’mu@mﬂmm@ﬁaammgmmaiummﬁﬁaﬂ%’muﬁ’uﬁ’ﬁﬂ ALE
sEminamasaueaditissuUAnIafUesgivszinm 2.15 was uaslasdlvgvasaueads

a

a a o W U (3 ] :J’ ! ¥ a 5 al aXe L4
pafenazdimaclnuseanas 7-10 396 Wil denaliinshnfvaonLeada luan1un15alas e
aa

ADUNUTIUIUNADALALNIT I VADALDADATNLNITIALI HILAIANAU TIF 09I VaDALDADA

Usgu18d 8-12 A9 Wi liLaIa 9 iiileanamnansiaauy

A1519% 3.2 NSAINRUAATNISILADS IULUSHNTL MATLAB

W58 05 YUIAVBINISIALNDS
FUIUNADAKLDADALDIAINU 8,9, 12
AMAIUNADALDADANTIAIT (T78) 7,10
U305 (nxexa) @nuianlums) 5x5%3, 4x5x3, 6x6x3
AUAITEMINIVIADALDADA

v 2.15
= a [y °
ITTUIUNNIATU (LURT)
Nuillalalen (A5199URLLAS) 1
fuinIsrnuveasninlelalan 1.5
Mspouaussvadlnlanlalen 0.55
yunsusaiuvestilalalon (a9en) 60

3.2.3  msUummfimesinevindunusivnges
31NN1TONLUUNADAKBADALANITIALT BILAIFRUKUUIINAY §IT8lA
panuuulyvaenuleadfuraradUayanieiu dwaliinn1TunInaonTEnInawaIed

'
a =

vaeaueadh dauinniiduaniansuninaeafeudnaiillamnsaldlunisdeansls dady
TuAtedFnanensliisdaiugnsnlunmsdumdumisiimngauvomnaimesaldly
n1seeNUUY Wieandyaunsnaeniiinussninsduasmemasnueadn uarlwiniud
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1) 431889 (z-angle) AvYUTIVIADALEADALALTAULDELIBONIINNABALEADANTINATY
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3.3.1  MSAUNINNA
£ & [ LY a=x 4 ! Py 4 a a
nsAuviavan Wudanesiuiasiaeuamnyenidululanieludiglinig
AUM (search space) Basadldiianannlunisiiuin LeINABINTINEBUNNAA Memall

nsAuannedslitenldnulyundveviwanisdumauinlg (Hang and Woods, 1995)
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v v v a a 1

aadudanesiulndfisimswaziivszdninimginindgnanAudy welssudaiailunis

AauaziiUsEanEAmluM AU AIMLEaN g

a o

3.3.2  FoBiugnIIY

a o

aa & aa 1Y " = = a
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= v
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LLﬁ"f]gym‘ﬁmmxamﬁqmimmaﬁu goauaun (John Holland) Tul w.f. 2518 (Yang, 2020)
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Abstract: Nowadays, Visible Light Communication (VLC) is an attractive
alternative technology for wireless communication because it can use some
simple Light Emitting Diodes (LEDs) instead of antennas. Typically, indoor
VLC is designed to transmit only one dataset through multiple LED beams at a
time. As a result, the number of users per unit of time (throughput) is relatively
low. Therefore, this paper proposes the design of an indoor VLC system using
switched-beam technique through computer simulation. The LED lamps are
designed to be arranged in a circular array and the signal can be transmitted
through the beam of each LED lamp with the method of separating the dataset
to increase the number of simultaneous users for enhancing the indoor VLC.
The coverage area is determined from the area where the communication can
be performed at a location on the receiving plane with a Bit Error Rate less
than or equal to the specified value based on coverage illuminance according
to International Commission on Illumination (CIE) standards. In this paper,
Genetic Algorithm is used to find the suitable solution for designing param-
eters to achieve maximum coverage area. The results show that a Genetic
Algorithm can be used to find a suitablesolution and reduce the computational
time approximately 382 min in proposed scenarios.

Keywords: Visible light communication; genetic algorithm; optimization;
light emitting diode

1 Introduction

Visible Light Communication (VLC) is an interesting alternative technology because the cur-
rent radio frequency communication system has limitations in data rate, insufficient bandwidth to
increase the number of users, and interference among electromagnetic wave sources. So far, VLC
technology demonstrates the next level of potential wireless communication in the near future
because light can be easily used instead of using radio frequencies [1].

The VLC is one type of communication in which the data is transmitted by the modulation
of light waves from the visible light spectrum with the wavelengths-in the range of 380 nm-780
nm using LEDs. The reason for using LED to transmit data is because the LED is an electronic

This work is licensed under a Creative Commons Attribution 4.0 International License,
| which permits unrestricted use, distribution, and reproduction in any medium, provided
the original work is properly cited.
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device that provides brightness, saves energy, and has a lifespan longer than traditional bulbs.
This plays a significant role in smart lighting being able to provide both illuminations and also
communication at the same time [2]. Not only VLC has increased capacity and low latency but
also has the key property of LEDs that allows the VLC to be modulated at high frequencies
enough to achieve higher data rates. It’s a great opportunity to enhance the current wireless
infrastructure, which can be applied in a wide range of applications such as scientific, industrial,
commercial, and communication fields. These applications include indoor positioning, underwater
communication and intelligent transportation system [3,4].

The structure of VLC consists of 3 main parts: transmitter, channel, and receiver, as shown in
Fig. 1 [5]. On the transmitting side, the data is conveyed to the system and then modulated to the
LED, which is the transmitting device to convert the electrical signal into a light signal. The data
is transmitted by the flashing of light through the channel. While transmitting, the transmitter
and receiver must be in the Line Of Sight (LOS). In fact, there is a loss of signal quality due to
the interference caused by other ambient lights during transmission. This can be corrected by an
optical bandpass filter to reduce the interference. On the receiving side, the device used to receive
signal is a photodiode which detects light signal and converts to electrical signal. Afterward, the
signal is demodulated back to be data [0].

Electrical signal Optical signal Electrical signal

; s(t) t)

Data [=»i Modulation "?‘ LED [ h(t) > Pp —T‘ Demodulation -’ Data

\ y \ iy J
| | |

Transmitter Channel Receiver

Figure 1: VLC structure

Light has been used for communication from the past to the present. For example, a photo-
phone was invented in the late 19th century by Alexander Graham Bell. The photophone has been
considered as the beginning era of optical communication. The work started from sunlight reflec-
tion on the glass surface of the transmission sector, in which the light waves vibrate according to
the user’s voice. After that, light is sent to the lens which is a reflective curved glass installed in
the receiver [7]. A novel method of establishing a secure and reliable communication link using
optical wireless communication is achieved by separating signal transmission with two optical
transmitters [£]. In 2000, LEDs gained a lot of attention in which they can be utilized in VLC
with the use of white LED for indoor communication [Y]. Moreover, in 2011, the introduction
of Light Fidelity (Li-Fi) was introduced as technology similar to Wi-Fi. However, it transmits a
signal with light by changing the brightness or amplitude of LEDs. This can transmit only one
dataset through the LED beam per user at a time. Li-Fi has been considered the first application
of VLC [10].

The VLC can be categorized as indoor VLC, such as communication in the office room, on
the plane, or even in the hospital, etc., and outdoor VLC such as Vehicle-to-Vehicle communi-
cations (V2V) or Vehicle-to-Infrastructure communication (V2I) [1]. Nowadays, many kinds of




81

CMC, 2022 3

researches have been designed to arrange LED arrays in various forms for performance enhance-
ment, usually arranged in a square and circular shapes. The performance of square and circular
arrangements was analyzed, and it was found that circular-array LED arrangement provides better
uniformity of illumination in terms of light distribution [!1].

The optimal circular-array LED arrangement was presented to improve the uniformity of
Illumination for the VLC system [I2]. The design has 16 white LEDs used in a room size of
5x 5x3 m? with 4 LEDs in the corner and 1 LED in the middle of the room, surrounded
by 11 LEDs arranged in a circular form. In the simulation, the radius of the circular array was
changed from 1.5 to 2.3 m in increments of 0.2 m. The results have shown that at a radius of 2.1
m, the VLC system has the highest uniformity of illumination but still transmits only one dataset
through the LED beam per user at a time.

In addition, the optical beamforming technique can be used for enhancing the VLC system.
The Spatial Light Modulator (SLM) uses optical beamforming to control the LED beam to be
directly focused on the desired target device at the receiver [13]. This prevents energy-wasting
in unnecessary directions and can enhance the quality of the received signal. The SLM is an
amplitude or phase-modulated device in which liquid crystal molecules are arranged inside [14].
It can be controlled by a computer to adjust the voltage. When the voltage increases, the liquid
crystal molecules change, causing the phase to change. As a result, the direction of the beam
can be focused on the desired target device at the receiver. In the experiment, the communication
signal was generated using a function generator and modulated from input data to LED. Then,
the LED light was passed through a beam expander to control the beam size in the experiment
and entered into the SLM. The SLM is controlled by a computer for giving the direction of the
beam to focus on the desired target device at the receiver. The results have shown that before
using optical beamforming, the received signal cannot be normally demodulated because the signal
strength is too weak. However, the signal strength as the same as Signal to Noise Ratio (SNR)
increases compared to the original ones after using optical beamforming.

The optical beamforming can be applied to multiple access techniques such as Space Division
Multiple Access (SDMA) or Time Division Multiple Access (TDMA) to support multiple users in
real situations [15]. The SDMA optical beamforming is the division of beams into different areas.
It uses the SLM for controlling the LED beam to be focused on the target device. The use of the
SDMA optical beamforming technique can support a larger number of users in which multiple
users can communicate with each other at the same time. However, the received signal strength
decreases with the number of users. Moreover, for the TDMA optical beamforming, the beam is
focused on each target device at different times. This technique allows transmission signal at full
potential, but the data rate decreases with the number of users.

Apparently, the use of optical beamforming techniques using SLM can significantly enhance
communication performance. This can improve the quality of the received signal, but SLM devices
are quite expensive, which is a limitation in terms of cost.

From the literatures, most of the traditional indoor VLC system transmit only one dataset
through the LED beam per user at a time. As a result, the number of users per unit of time
(throughput) is low. Therefore, this paper proposes the design of an indeor VLC system using
switched-beam ‘technique through MATLAB programing. “The  LED lamps are designed to be
arranged in a circular array. The signal can be transmitted through the beam of each LED lamp
with the method of separating the dataset to increase the number of simultaneous users enhancing
the indoor VLC as shown in Fig 2. Iig. 2a shows a traditional indoor VLC system and I'ig. 2b
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shows the proposed design. The coverage area is determined from the area where communication
can be performed at a location on the receiving plane with a Bit Error Rate less than or equal to
103 based on coverage illuminance that must cover greater than or equal to 300 lux according
to International Commission on Illumination (CIE) standards.

\V'.‘. ,} “ - ’

LS
@ pr & %

Figure 2: The proposed design of an indoor VLC system using switched-beams

The most popular method to optimize the uniform illuminance distribution in VLC system
is based on specific location orientation of LED or the power allocation [16,17]. In these con-
ventional optimizations, some parameter values are selected for calculation. It can be inferred
that optimization will have better performance when all parameter values in the possible data
range are selected. In order to find the optimal values in the large search space, intelligent
optimization algorithms, such as convex optimization algorithm, evolutionary algorithm and fish
swarm algorithm are preferred to reduce the computational process [18-20].

The calculation in this paper is considerably complex because the system has multiobjective
optimization adjusting the designing parameters depending on both coverage area and condition
of coverage illuminance. Therefore, heuristic optimization technique is applied to reduce complex
calculation for finding the optimal path. Two types of optimization techniques are proposed;
exhaustive search method and heuristic method. The exhaustive search examines every search
point within the search space in order to get accurate optimal results but it takes a long time
to calculate. So far, Genetic Algorithm is the most popular heuristic method. It is adopted to
find the suitable solution for designing parameters to achieve maximum coverage area as it can
effectively solve problems in large and complex data sets. Also, it can be used in VLC optimization
problem [21-24]. The performance of Genetic Algorithm is analyzed comparing to the results
obtained from an exhaustive search.

The remainder of this paper is as follows. Firstly, the section of materials and methods
discusses an array LED design, a proposed algorithm, and the simulation setup. The following
section is results and discussion. Finally, the conclusion is given.
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2 Materials and Methods
2.1 System Model

In this subsection, the calculation of the horizontal illuminance, the received optical power
of directed light, Signal to Interference plus Noise Ratio (SINR), Bit Error Rate (BER), and the
proposed LED-array design are discussed.

The horizontal illuminance: The illuminance expresses the distribution of an illuminated
surface. A horizontal illuminance Ej,, is given as [25]:

Egor="2 . cosw) W
D}

where D, is distance between a transmitter and a receiver, @ is the angle of irradiance, ¥ is
the angle of incidence, and 7(%) is the luminous intensity according to the Lambertian radiation
properties of LED. This can be calculated as:

I(®) = I(0)cos™ (%) (2)

where 7(0) is the center luminous intensity of an LED and m is the order of Lambertian. This
can be calculated as:

” —In(2)
= —
In{cos(@1/2))
where @1/ is the semi-angle at the half power of LED.

The received optical power: In this paper, the only effect of directed light is considered,
excluding the reflective light by walls. The received optical power P, can be calculated as:

Py=H(0)-P, O]

where P, is the transmitted optical power and H(0) is the channel DC gain. This is given as [25]:

(‘";.+_—1,)Az*(15’"(¢))1}(\11'Jg(\11 ) cos(¥),
2nDy ‘
H(0)= 0V s, (5)
0,
l V>,

where 4 is the physical area of photodiode, m is the order of Lambertian, Dy is distance between
a transmitter and a receiver, @ is the angle of irradiance, ¥ is the angle of incidence, 7y is the
gain of optical filter, W, is the field of view of the receiver, and g(¥) is the gain of an optical
connector. This is given as:

n?
L o<v<y,
&) =9 sin? W, =N

0, 0>,

(©

where # is the refractive index.
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Signal to Interference Plus Noise Ratio: We design an array of LEDs to transmit different
data for increasing the number of simultaneous users who can access the system at the same time.
It results in interference among LED beams. The SINR can be calculated as [26,27]:

(RP;)* @
(R2i9éxPr,i)z +0

total

SINR =

where R is the photodiode responsivity, P, is the received optical power, and a,zml is the total
noise variance. This can be calculated as:

e I 2
O total = shor Oamplifier (8)
where o5 is the shot noise variance and o, plifier 1S the amplifier noise variance, which are
given by:
2
Oghor = 24R(Pr+ Pr) By ©)
2 2
Oamplifier = Iamp]i]ierB a (10)

where P, is the noise power of ambient light, ¢ is the electron mass as 1.602 x 1071 C, i is the
amplifier noise density, B, is the amplifier bandwidth and Bj, is the noise-bandwidth. This can be
calculated as:

B,=DLR, (11)
where I, is noise bandwidth factor and Rp is data rate.
Finally, The Bit Error Rate: BER can be calculated as [27]:

BER=0 (x/st) (12)
where Q(x) is the probability that a standard normal random variable takes a value larger than x
0 2
The function Q(x) = + feTady.
Var

The accurate BER performance for wireless optical communication and indoor VLC system
requires a BER of 10~ [28]. In this paper, we consider the coverage area by determining from
the area where communication can be performed at BER less than or equal to 1073.

LED-Array design: In the design of the LED installation, it is necessary to consider for
the sufficient illumination, which must have the illuminance at least 300-2000 lux according to
CIE [29]. Typically, single LED installation is not popular because of insufficient illumination
according to the CIE standard. Therefore, multiple LEDs must be installed in an array arrange-
ment. This paper proposes the design of an indoor VLC system using switched-beam technique
through MATLAB programing by designing the circular array LED arrangements with white
LEDs. One LED-in the center of the room is surrounded by remaining LEDs that tilt out from
the center. The signal can be transmitted through the beam of each LED lamp with the method of
separating the dataset to inerease the number of users who can simultaneously access the system
for enhancing the indoor VLC.
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The center LED: One LED is designed to be placed in the center of the area, as shown in
Fig. 3a. The angle of irradiance can be calculated as:

h
. 2 b e’
# = cos (1)) (13)

where # is the angle of irradiance, / is height between source and receiver plane, and D is distance
between LED and user at a receiver plane.

Figure 3: An LED-array design

The surrounding LED: The remaining LEDs are designed to be tilted out from the center
LED and arranged in a circular LED array. As a result, the angle of irradiance is changed as
shown in Fig. 3b. The new angle of irradiance can be calculated as:

D*>+Y2-B?
cos a = (—-ﬁ,——) (14)

where « is the new angle of irradiance, D is distance between LED and user at a receiver plane,
Y is distance between LED and the beam coordinate, and B is distance between the user at a
receiver plane and the beam coordinate.

The beam coordinate is the coordinate in which the center beam of the LED falls on the
receiving plane, as shown in Fig. 3c¢. This can be calculated as:
Beam =r+ L (15)

where r is the radius of circular array LED, and L is the distance between the beam coordinate
and the coordinate on the receiving plane, which is perpendicular to the LED. This can be
calculated as:

L=tanf-h (16)

where 6 is the inclination angle (z-angle), and / is height between source and receiver plane.
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Fig. 3a shows a design of center LED, Fig. 3b shows a design of surrounding LED I, and
Fig. 3¢ shows a design of surrounding LED II.

After designing the LED array, it is necessary to find the solution of designing parameters
to achieve maximum possible communication area, also known as maximum coverage area. This
paper adopts Genetic Algorithm to find the suitable solution for designing parameters with
various simulation scenarios.

The simulation parameters in MATLAB programming are shown in Tab. |. The height
between source and receiver plane is approximately 2.15 m [12]. The area sizes are the commonly
used standard size. A single LED is generally power used at 7 and 10 watts. As a result, the
number of LEDs array should be used at 8, 9 and 12 LEDs for the sufficient illumination.
Moreover, the designed parameters for the Genetic Algorithm to find the suitable solution are as
follows: 1. z-angle is the inclination angle in which the surrounding LED are inclined from the
center LED, 2. Semi-angle at half power is the angle of a diffusing lens covering an LED, and
3. Radius of LED array.

Table 1: The simulation parameters

Parameters Values

The number of LED array 8.9,12

Single LED power (Watt) 7, 10

Area size (m3) 5x5x%x3, 4x5x3, 6x6x3
Height between source and receiver plane (m) 2.15

Photodiode area (cm?) 1

Refractive index at PD 1.5

Photodiode responsivity (R) 0.55

Field of view (FOV) (degree) 60

2.2 Algorithm

This paper adopts a Genetic Algorithm to find the suitable solution for designing parameters
mentioned above of each simulation scenario to achieve maximum coverage area. This is deter-
mined from the area where communication can be performed at BER less than or equal to 1073
based on coverage illuminance that must cover greater than or equal 300 lux according to CIE
standards. Morcover, Genetic Algorithm performance is analyzed by comparing the results with
an exhaustive search.

2.2.1 Exhaustive Search

The exhaustive search is an algorithm that examines every search point inside the search
region. However, a large amount of computation is required. As a result, the algorithm has low
efficiency because of a very large search space [30]. Therefore, several fast algorithms have been
proposed to save computation and enhance performance.

2.2.2 Genetic Algorithm
A Genetic Algorithm (GA) is a method for solving optimization problems based on a natural
selection process that mimics biological evolution. GA was developed by John Holland and his
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assistant in 1975 [31]. The advantage of this algorithm is the tolerance of errors in finding answers
from complex sources which is difficult to be modelled using mathematical equations. For this
reason, GA has become one of the most widely used optimization algorithms [32,33].

2.2.3 Genetic Algorithm Design
The GA can be divided into five processes as follows: 1. Initiation 2. Fitness Function 3.
Selection 4. Crossover and 5. Mutation. Fig. 4 starts from:

(1) Initiation: The process begins with determining search space for the solution of designed
P! 8l g P! g
parameters, which consists of

1. z-angle is the inclination angle in which the surrounding LEDs are inclined from
the center LED. It is in the range of 1-70 degrees in the increments of 1 degree.

2. semi-angle at half power is the angle of a diffusing lens covering an LED. It is
in the range of 10-90 degrees in the increments of 5 degrees.

3. radius of LED array. It is in the range of 0.1-1 meters in the increments of 0.1
meters.

The range of z-angle and radius of LED array are determined to be appropriate for the size
of the room. It is considered that the LED beam can cover the entire area of the room. For semi-
angle at half power range, the possible value of this angle is described in many scenarios [34-36].
Moreover, this angle can reach up to 90 degrees due to the limitation of LED.

Then, GA performs an individual element randomization which is called a population from
the search space. Each individual element (chromosome) contains the solution of designed
parameters (genes) as shown in Fig. 5.

2. Fitness Function: This process begins with determining the ability of an individual element
to compete with other individual elements. Each individual element (chromosome) is randomized
by GA which is substituted in the Fitness Function to find the coverage area based on coverage
illuminance according to CIE standards.

3. Selection: This process begins with selecting the fittest individual elements and passing
their genes to the next generation. Individual elements with high fitness have more chances to be
selected for reproduction. This step selects the individual element with the maximum coverage area
to match, and prepare for crossover by determining the heavy weight for an individual element
with a large coverage area to increase the chances of finding a better coverage area. Then, two
pairs of individual elements (parents) are randomized based on weight for crossover to find the
next generation.

4. Crossover: When each pair of parents is matched, a crossover point is randomized within
the Genes by determining the crossover point in point 1 or 2. For example, at crossover point 1,
two offspring appeared by the exchange of their parent genes becomes the next generation. The
population has a fixed size. When the new generations are formed, individual elements with the
least fitness are eliminated, providing space for a new generation.

5. Mutation: Some of genes can be subjected to a mutation with a low random probability in
certain new offspring. This increases the chances of finding new and better values by randomizing
the chance of mutation at every gene. If any gene has a chance of mutation, the values in that
range of parameters will be randomized again. Moreover, each new generation is better than the
previous generation, as shown in Fig 6.
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The final process of GA brings a new generation back to Fitness Function for calculating
the coverage area. Then, it checks if the maximum of duplicated coverage area is greater than
or equal to five times. Also, if the accuracy is greater than or equal to 30%, the algorithm will
terminate. The result is the suitable solution of designed parameters.

Fitness Function

YES
coverage area > 5 times && accuracy
= 30%

Selection
Crossover

Figure 4: The flow chart of genetic algorithm processes

Al z-angle | semi-angle | radius ~Gene
A2 || zangle | semiangle | radius
An I z-angle ‘ semi-angle ‘ radius }--(‘hromowme

Figure 5: The initiation process of genetic algorithm design

2.3 Simulation Setup

The simulation is designed for four scenarios as shown in Tab. 2, where the commonly used
standard area sizes, the number and power of the LEDs are different. The results are divided into
two cases:

(1) The results from the adopted Genetic Algorithm which is used to find the solution for
designing parameters mentioned above to achieve maximum coverage area. This is deter-
mined from the area where communication can be performed with a BER less than or
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equal to 1073 based on coverage illuminance which must cover greater than or equal to
300 lux according to CIE standards.

(2) Comparison of the results between the Genetic Algorithm and an exhaustive search, which
are used to find every search point inside the search space.

Two parents
AL 45 15 [esH
Az | 30 20 | 01 |

1 2
Random Crossover point

Two parents Two offspring

| Crossover <
Al 45 15 [TosH| = [[4s [ 20 [T | ann
A2 30 20 | o] | 30 15 |05 | A

Random Mutation point
1 2 3

30 0.5
Mutation

T W

Figure 6: The crossover and mutation process of genetic algorithm design

Table 2: The simulation setup

Scenario Area size (m?) The number of LEDs Power per LED (Watt)
1 Sxarx3 9 10

2 Sae %3 12 7

3 daS x B 8 7

4 6x6x3 1 10

| o

3 Results and Discussion
3.1 Genetic Algorithm Result

In this subsection, we run a number of simulation using the Genetic Algorithm and select
the best solution after five-time running for each scenario as follows:

3.1.1 Scenario 1: Area Size of 5x 5x 3 m?>, 9 LEDs and 10 W per LED

Fig. 7 shows the Genetic Algorithm performance after eleven iterations. Fig. 7a shows the
iteration of designed parameters. The suitable solutions of designed parameters are z-angle,
semi-angle at half power, and radius which are equal to 35 degrees, 15 degrees, and 0.8 m,
respectively. Also, Fig. 7b shows the maximum coverage area which is equal to 83.922%.
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3.1.2 Scenario 2: Area Size of 5x 5x 3m?, 12 LEDs and 7 W per LED

Fig. 8 shows the Genetic Algorithm performance after ten iterations. Fig. 8a shows the itera-
tion of designed parameters. The suitable solutions of designed parameters are z-angle, semi-angle
at half power, and radius which are equal to 32 degrees, 15 degrees, and 1 m respectively. Also,
Fig. 8b shows the maximum coverage area which is equal to 73.622%.

40 ,§20 1
830 g =
g g E
s o
S § 10 205
E) H g
§10 s
N 8
0 0 0
[ 2 4 6 8 10 12 [ 2 4 6 8 10 12 [} 2 4 6 8 10 12
iteration iteration iteration
(@)
__100
g
.“
g
@ 50
&
§
§
8
0
0 2 Kl 6 8 10 12
iteration
(b)
Figure 7: Genetic algorithm performance of scenario 1
40 §20 1
) gus i
g g E
;‘20 %10 50 5
8 g L
§10 2s g
= 8
0 0 0
[ 2 - 6 8 10 0 2 - 6 8 10 [} 2 4 6 8 10
iteration iteration iteration
(a)
100
2
g
5
8 50
g
2
3
0
0 2 4 6 8 10
iteration
(b)

Figure 8: Genetic algorithm performance of scenario 2

3.1.3 Scenario 3: Area Size of 4x 5% 3 n®, 8 LEDs and 7. W per LED
Fig. 9 shows the Genetic Algorithm performance after eight iterations. Fig. 9a shows the
iteration of designed parameters. The suitable solutions of designed parameters are z-angle,
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semi-angle at half power, and radius which are equal to 41 degrees, 20 degrees, and 1 m
respectively. Also, Fig. 9b shows the maximum coverage area which is equal to 78.181%.

3.1.4 Scenario 4: Area Size of 6 x 6 x 3m?, 12 LEDs and 10 W per LED

Fig. 10 shows the Genetic Algorithm performance after seven iterations. ig. 10a shows
the iteration of designed parameters. The suitable solutions of designed parameters are z-angle,
semi-angle at half power, and radius which are equal to 44 degrees, 15 degrees, and 0.6 m
respectively. Also, Fig. 10b shows the maximum coverage area which is equal to 73.677%.
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Figure 9: Genetic algorithm performance of scenario 3

]

s ]
840 215 e
€30 s E
%20 210 205
$ £, g
kAl E
0 LIS 0
0 2 4 6 8 0 2 4 6 8 0 2 4 6 8
iteration iteration iteration
(a)

__100

&

o

5

% 50

2

8

0
(] 2 4 6 8
iteration
(b)

Figure 10: Genetic algorithm performance of scenario 4




92

14 CMC, 2022

From 4 scenarios, for GA cases, each parameter in the figure is adjusted because GA is
trying to adapt itself to the suitable solution of designed parameters, which achieves the maximum
coverage area. Also, we can see that ever-increasing coverage area is obtained in each iteration
until reaching the highest value. So, GA can find a suitable solution of designed parameters to
achieve maximum coverage area.

3.2 Comparison Between an Exhaustive Search and Genetic Algorithm

abs. 3-6 show the comparison between both algorithms, and they produce the same best
results. The exhaustive search finds the solution from the search space. It takes up to 480 min to
select a suitable solution which achieves the maximum coverage in each scenario, but the Genetic
Algorithm finds the suitable solution by reducing the computational time which takes less time
than an exhaustive search approximately 382 min in the proposed scenarios.

3.2.1 Scenario 1

Table 3: Comparison between an exhaustive search and a Genetic Algorithm in scenario 1

Solution _Algorilh?n
Exhaustive search Genetic Algorithm
z-angle (%) 35 35
Semi-angle (°) 15 15
Radius (m) 0.8 0.8
Coverage area (%) 83.922 83.922
Time (minute) 480 87

3.2.2 Scenario 2

Table 4: Comparison between an exhaustive search and a Genetic Algorithm in scenario 2

Solution Algorithm
Exhaustive search Genetic Algorithm
z-angle (%) 32 32
Semi-angle (%) 15 15
Radius (m) 1 1
Coverage area (%) 73.622 73.622

Time (minute) 480 87
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3.2.3 Scenario 3

Table 5: Comparison between an exhaustive search and a Genetic Algorithm in scenario 3

Solution Algorithm
Exhaustive search Genetic Algorithm
z-angle (°) 41 41
Semi-angle (°) 20 20
Radius (m) 1 1
Coverage area (%) 78.181 78.181
Time (minute) 480 61

3.2.4 Scenario 4

Table 6: Comparison between an exhaustive search and a Genetic Algorithm in scenario 4

Solution Algorithm
Exhaustive search Genetic Algorithm
z-angle (°) 44 44
Semi-angle (°) 15 15
Radius (m) 0.6 0.6
Coverage area (%) 73.677 73.677
Time (minute) 480 157

Also, both algorithms provide coverage illuminance equal to 100%, which has the distribution
of illuminance greater than or equal to 300 lux according to the CIE standards in every scenario,
as shown in Fig. | 1.

Figs 11 1d show the distribution of illuminance for scenarios 1, 2, 3 and 4, respectively.

The coverage area is determined from the area where the communication can be performed
on the receiving plane with a BER less than or equal to 1073 as shown in Fig. 12. After using
GA to find the suitable solution, the coverage area is equal to 83.922%, 73.622%, 78.181%, and
73.677% in which the system can support up to 9, 12, 8, and 12 simultaneous users, as shown
in Figs. 12a-12d respectively. However, the interference among the light of LED beams is found
in some areas, which is the position on the receiving plane with a BER greater than 1073, As a
result, users are unable to communicate in this interference area.
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Figs. 12a-12d show the distribution of BER for scenarios 1, 2, 3 and 4, respectively.

Therefore, this paper proposes a method to increase the coverage area and reduce interference
using the switched-beam technique. For example, Scenario 1 can support up to 9 simultaneous
users, as shown in Fig. 13a. The position on the receiving plane with a BER greater than 1072 is
the interference area. If users want to communicate in the interference area. This can be solved
by incorporating an LED beam from the closest LED beam to send data to users, as shown in
Figs. 13b and 13c. Not only the switched-beam technique can provide performance enhancement
of communication with an increased coverage area, but they also can effectively communicate in
the interference area. However, this result indicates the loss of one user when combining the LED
beams at a time.

(d)

Figure 11: The distribution of illuminance

Fig. 13a shows a regular switched-beam, Fig. 13b shows the incorporating of an LED beam
in two positions, and Fig. 13¢ shows the incorporating of an LED beam in three positions.
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The coverage area increases from 83.922% to 86.496% and 88.027%, as shown in Fig. 13a—

1 3¢, respectively. This switched-beam technique provides a good performance for all scenarios.
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Figure 13: The coverage area in scenario |

4 Conclusions

This paper has presented the design of an indoor VLC system using the switched-beam
technique through MATLAB programing, which has designed the LEDs to be arranged in a
circular array. The communication is performed through the beam of each LED. The Genetic
Algorithm is adopted to find the suitable solution for designing parameters. From the simulation
results, a Genetic Algorithm can be used to find the suitable solution for designing parameters of
each simulation scenario with less computational time than an exhaustive search approximately
382 min in proposed scenarios. Also, the maximum coverage area based on coverage illuminance
according to the CIE standards can be achieved. Moreover, the switched-beam technique can
enhance indoor VLC by increasing the number of simultaneous users and the coverage area.
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