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Abstract

Visible Light communications for Thailand: Technology Transfer, Human
Resource Development, Industrial Standard Survey, and Its Publications
Assoc.Prof. Dr.Piya Kovintavewat

August 2016

Visible light communication (VLC) is a new wireless communication
technology that employs light in a visible band as a medium to convey digital
information, which can be used in many applications such as intelligent transport
system (ITS), indoor localization identification, underwater communication,
communication in building/hospital/ airplane, etc. This research aims at preparing
people to catch up the VLC technology by focusing on training, developing materials
related to VLC (in academic, investment, patent, and intellectual property),
developing VLC training kits, and publishing research papers, so as to prepare to
protect manufacturers, service providers, and users for this upcoming technology,
which will in turn help reduce loss from importing the VLC technology in the future.
Results from trainees’ satisfaction evaluation indicate that most trainees satisfy our
training program in all aspects and would like to have this training again in the near

future.

Research team

August 2016
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nadnseanulugUde wilde viseglaiionstneusuuasmakeunsoaulatansisue ey
wadladmiuniansAnwinazanamnssy wazanunludmiugldanunasgaula iiens
WAILIUAAINT  Uazisaenseaunsnseuauniauivesessusawmaluladniidneninaailly

DUARLAZNSHRE AR LU

1.2 I1QU3zaeAnITIdY

1) ewau1yraIngnm1sdsan Anw Aamumnaluladueadi ienislvaruadned
Usgndandanu uaznsmusniunsaoasteyagelmidmiuussmalne

2) eRnwnaziianeinnsgrumaluladnisdesainadoya nsusegndldamuuaznis
penuUUdLY MAITesdulfnennuazyarigs gnisnisunnumieuyaainsves
nPgREMNIIUlNg

3) iflosaunguiaula afeanunsemindaniauloue mAnisinuiuazids uazdldey
vieffusznounmsgnisfunsesduan fliuinisuasildnumaluledlmidluouneansulng

1) leauedetnganusmileyaansiunmsinuinarnsteveamaluladainuszine
flsimuneuntiugn

5) Li0iNsANEIBLUTHUIEURRILINITVRIR U SEIMANINITANY NaWIFY AnSUns

waznsngaunslagn n1suszynd wasnsiawIyAaIns
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6) wetmanlaundnde nilde viealeianismeunsoaularassay Menuwmaila
dmiunian1sfiny) wazgnavnssy auausiugudmiudldnusasaulanily
=
WAZNIINNBUTY
7) weduasuiazatuayudaulalviidiusiunsiarinfanssunisiauiyeainssiuiuly

seery” gnsnmuInTnedaiesdmivimnsluavivimnssuliideans

1.3 YaULUANISIY

1) Fansevsaimguiuasu fiRnmeihussmasiuou 7 ade

2) Anwarlinsgiiasgiunsdesainteyavedan (CP-1223) uasiiuvikeunsaaulatl
wWilemadfeiugliaunguntmne

3) drredvdinsuazaauidesinlan anufmi dud wasnansenuilan MAetes
fuwalulad VLC sauisisrimoundeaulaiifinlomadndsiudldnundguitmane

4) dndunuNTEALENd “LuIMenTdesainadeyadmiulsemalngluowian” wazasig
amnusmienguanuiiieites 1wy wdsnuuazuasaing (i nnslliihe) niheaudu

AUANAUNANTENUAUNNTADIATN MUIBUNITHOES wazmsuauuleue

1.4 szaza1lun1sIe

o

Tui 22 fguieu 2558 G 23 dwnau 2559 (427 Jutduaniuasuuludyy) gu
Reuluwuuinedy

3

o

1.5 AnzEniluy

Y YY)

sA.n5.Yog 1PIUNNITed INITeFINUNLATING

NA.AS.2550458 29AbMSM N385
57.95.00UA dudsiey Ind5
A3.NUB LUULSIY N385

a

571.93.U3% noLaTey
SA.A5.L0NTY FanSedl
AT.LNUSAEANR ASHUIU IR

Prof. Shinichiro Haruyama
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M15197 1.1 pmsaunguidmsneyaainswazyselesiniaglasu
ngudmsng Uszleyunlasu dennlasu

AAIVINIT LAY psenindanaluladnisaealsenenasnuaaiiule sudy

W Megeaminssy  welulagiugiuniidneningslueuen

a3y wazgaulamly

AAIYINTT JUIENOUMs edfemsiueuiisulasssilivfneninvessemelng

wazfifeadesnuulouts wiouununuidndudemsianvesussmalnelusunis

nA5Y domsuasiueaiiuld gninduusuiivhmanaluladvidediunil
yosunusiunsudeansinsauumlusuIARLATLLIYNINTS

Iavimdngnsnisiseunisaeusialuline

138 8137156 wag NFUANMUTINTBAIIVINTANVIAIUTINAUNTUTENTANG Y
AUALIVAIN funisdeansanvilu NezduaSuanudundiveiguuivdn

I g@easinsauunAula D NLUINIINTa

Afns UnAnwn Un3dy nswaunIwdwsieiiesluanvnivndeanssulnindeans wumnng

- - w
AsANE tazlanianisusznauadwavlulilusuiae

MHgNUATUALUALETY  wuImansdnassuagnskiaduninens uasuuinig

) o v a v & a 1% ] No a &
1137998 NI1ININUNINIT ﬂqﬁj’]ﬂiﬂiﬁﬁﬁqﬂwu‘ﬁqu‘ﬂLﬂEJ'JT@Q@@W]QIUI@EJﬂ']Lu@IVﬂJu

INIAUUIAUBATNAIY

1.6 Uszlevinaininazlasu

NnwanAnnsdeuazdeivia svaunsdsI9EnETRs naLATe wazamiIvh
yhlanuarnsussens mMsduuuivinisuazanususiogaamnssy fegldsuilelasanis
waSeAuudty avansoneuTnqUizasdnesus navy.  fanms 52(3) Fesduaiuuas
aduayunIINRINIYAaINsAUAINITNIENeLde Aan1sinsviad Aanisinsauuiaulas
weluladansaumaldiiuegnei Fudeslssaenndoslldeiunsiamuivdndedesly
aivimnssulwihdeansvesaniimns Inelassnisazansisatieianneuluindn
vesimnsvidefifetesiuAansinsauaulifudmauinnde asied 1.1 aguaimsm

Y

naudmineyransuasUselovinaglasu
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uni 2

N wazeuIdeninegadas

UNHILNaIN MO B TINEITITIUTENOUMEY TTUUNITARANIITMEN N15FRE1IAY

A & v aa A aa A o o s =
LLﬁﬂV]lI@QLM‘HIﬂ iBRIIRLRIG Wu%']uLL@af‘]ﬂL'W'E]ﬂ'ﬁﬂi%ﬁﬂﬂwa\‘iﬂquuazﬂ'?ii]ﬁﬂﬁgﬂmﬂqiaaa'ﬁ

o«

doyaruiigs  uenanffiasunuidewaslasinsiiiieides suumanseunwifaiioln

nulaitnlatemnudfgueslasuidel

ey

2.1 nguineadas
2.1.1 SEUUMTARENSIB A

N1580@135 (communication) vianefensaoyanan unnilalugadnanunnis

[

negnslnasenly neniluagiinisideyarnasuinardyayia (modulation) fudeysyia

[y

AAUNI (carrier signal) Welwanunsadsdyaaurutesdyyiad (channel) lUlalussazng
lnadu Tuyusafeaiunsdoasitauas (optical communication)  “N188IA15d0AT
Toyadlduasimihndudyagruniuni lnsuasfildasdnnudgann Jedmarinliwuud

YoasdyIuIANINTUAIY FilidesdyguausadadoyalatuuTunanuini

ﬁo\ e

n
wszartunsoanduadisldgmitnussgndldludiusigg Tasiamgmadeulssteya
USunamnng iulasanendn (back-bone) sewineguans wienisleuaiedeyaninuiags
Bu Jusu
NANNITVDILE

Tnehluasansouansginssunduliiinduiazeyna fuauanagingsuiy
AAuRzSEnIRAuLENINT (electromagnetic wave) TsUsnousieauINwivENLaY
aunlliihitgeanntu Tnsudziumadudunss wiilenedsinansiieg foraasiia
nsaeTtou NS MaABILLY wazn1sunsnaen 1#) uarannsaRuIiue A
ANNL3D 3x10° Lmsiodund uasiimudeglugiuiinueaiu (visible) Useuas 400 wse
{8909 (THz) - 800 THz sunwidl 2.1 lunsdliiuawuananginssudueyniasziBoniilinoy
(photon) Fsanunsaldesurendnnisiaureaunasiiinugs uaziaasnsIadunas o 2993

MA5U Wsdsudygrauadndudyanalvii

[ '
a

nsdeansHIUYRIF TN TINNUAT SuduwasTLTaYaYaasIe

Toyarmanshuguvesdygalnin (wuukeusdonviauuudavia) antulsaskandayay o
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<— Increasing Frequency (v)

10% 10% 10 10" 10' 10" 10" 10" 10° 10° 10* 10° 10° v (Hz)
1 1 1 1 1 1 1 | | | | I
Y rays Xrays | UV IR Microwave |FM AM Long radio waves
Radio waves
I I I R I ] ol I ] ] 1 1
1w ™ 1w w1t ) ot 10+ 107 10" 10° 10* 10° 10* i (m)

T s W Increasing Wavelength (1) —

Visible spectrum

1 1 | T T T
400 500 600 700

Increasing Wavelength (L) in nm —

AN 2.1 anesuuasiuoadiy [9]

(multiplexer)  agyimsnandyuiasUnuuanzd lineliiiniinnumunyay nauds

o Y

-

é’@,agmlﬂé’aLma'qﬁwLﬁmLLmLﬁaLL‘LJaqé’zyaunm%@uﬂﬂﬁﬁuﬁ@agmum TR ARG TRTRBITGE
vonlufwosdyananuas Feo1aduerna (free pace) Fuussennie (atmosphere) Wi
Atidyaa (waveguide) Tnedyayiauasazgnasludinemsniasu (receiver) vosdiysya
BTG é?’fﬂus?jy’ul,mﬁ’zyaunzuu,aq%gmmLmemauﬁﬁ’ﬁwﬁw mﬂﬁ?ugnﬁﬂﬂé’maﬁmné’u
wasdwimihindeudyaasadindududuaalih (L‘ﬁaLLaﬂé’mumﬂmﬁamumjnmsaaﬂ
INEeyayIARUNIA) mnﬁ?udaél’cyjmmlﬂﬁﬁlﬁlﬂﬁaqﬂﬂiﬂiﬂmsma Wowasulndutoya
wuienfuuwmasiuindoyadsesnin

nsdstoyaregleaisiie (IDA) Wumnsgiunsdloyavesauiaulea1sie (The
Infrared Data Association: IrDA) Inglduasdunsisaruinnnueniady 875 uiluwns (nm)
waganansadadyaalalussesnialssanm 1-2 was Wneliveulnnissudsdayalusall 30
29FIENINMAILAEAITU Mednsnsdstaya 2,400 - 16,000,000 Tnsiaduni Fadni
nsasdeyalneldaeidousie Tnsmsasdoyadaeloanifiotiu 1asmadnsdosdunderina
LLmSuWﬁLi@Lﬁadﬁa;daiugﬂﬁumﬁ’zyapmumlﬂé’qaﬂ%mﬂ%’u Wutoadyaaiiidueinia
wariinansniasuasfieaitnsnradusadunissudugianaseinieesniads dedunisds
foyatiugunIniniafukazniadsdoseglunuiieiuwasdoslifidsingag venaini
mnanmuIndauiinaanuin Aenvaglusuniunisdsoyald Tunsdfifnisdtoyane
leensdotonundseyndldtunisdoasszeglng 1wu Slunasulnsa nmsdsteyaszning

a a s A 1Y 1 d' a ¢ o v 6 = A & £%
LAIDNABUNILADT Vﬁ@ﬂﬂﬁﬁﬂ%@iﬁjaiﬂwﬂﬂLﬂi@\‘]ﬂ@ﬂJ‘W’JLm@iﬂUI‘VIiﬂWVILﬂﬁE]‘UVI Wunu
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undariuindeya | esnneds Yoadfrysyrau (channel) 295N | undsUangma

(source) (transmitter) (receiver) (destination)

AN 2.2 BIAUTENOUNUFINYRINISHRANT

99AUIZNBUNUFIUVDITLUUNTHRESLTINET

1)

2)

3)

[%

sruumsAeansieuasilosdusznaufiugrufidrdnymunind 2.2 &l
wasiilladaya (source) nunefiagunsaivTounasainedoyayaingg Faorafudaynoy
A Toya Weidss s
2995MAANEYaTaNas (optical transmitter) minefsgunsalitldlunisdstoyaiidu
gunsaifuMe 1y Bfudauas in3esneufinmed ideslnsdni gunsalvesantifing
anflgnumnge Gt fiasudyaalai i dudyyauas wazdewenludiane
MUY Yy 10 Tatas TUAILUD 119951 1ARIIZIINTTUIUNI TN INANF Y QY UL TAES
eRHGEIPE Imaﬁ'@mwmﬁiﬁ%’ummﬂLmdqﬁ%ﬁwﬁayja(ﬁhm %QﬂLU?{auLi‘Juﬁiyjﬁymlﬂ/\IWW
AewarihlUnauudyaaeduniiifanudlues delilddugiuuameeni

Tunswandeyeyaddaas Fosflunasidanas@imindiidauafiozun
nandoyeya 1y laloaasias (LED), tawwes (laser), wisotaiwaslalon (laser diode)
Tnegunsaiwanilifuundsinfiauasifienudusadou fhemafuiueu uazianudu
g9 NMsHanda eIzl vaeJULUY (WU mMsnaNdeyeanderanud (frequency
modulation: FM), n1snaudgyeyialdana (phase modulation: PM), #38n13Waw
dugandevunn (@amplitude modulation: AM) amalsﬂmmﬂLLUUsuaamsaaamm
wasiildannaieazgnimualag JULUUYINMSHALA Y MLAZNTNTIITULTIAS B9
wiaduaesUszianuande MInEUBIANIdNLaEATIATULUUATS (IM/DD: intensity
modulation / direct detection) wazn 1snaNSyIaLUUlABLUA (coherent) B4dl
UszAnsnmgs usiiiaududeunazinmunann lasvhlunmsdomaduadinseguu
ﬁugmmmmiwamé’zyﬁyﬂm%ammLG?J’;J (intensity modulation : IM) Wundn feenagu
nswlasdyanadeya [@n “0” wiedn “17) avgnidsuduszdiuanudiveuasie
fiwavaing vieduy
Yoadnyanandauad (optical channel) anansautioanifuassuszinnie Yesdyaai
KueINe wastesdyanaiiiuduleuas FeflswaniBondil
o Yosdyaaiiiuenie é’fgﬁgmt,aqazgmwLLazdaaaﬂlﬂiugﬂLmUﬁuaaﬁ’]LLaﬁqmq

LUFaganungUateniaieagaiien 1wy nsdsdyyinsenineaniinininusiu
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(terrestrial link) wazan1iin19ene, nsasdeyiuszrineaniinigena (space-
. = Y P Y] Ad Qv e @y
to-space crosslink) v3an1sadsdygyaananiinisemealidsanniineglanils
(space-to-underwater link) Tagszuunsasdygranvuiaglildasudyey o
= [y a 13 £ Y] = a '
Wennndyaauaiaziiunaludunssludgamnalaleniaiieqaifed Wanedid
nMsasd e NunsadygIauUNIENe)  LarenalasuNanIENuaIn
ANNOINIA LU LALLAA LU VueN w3 16
o doadaaunruduletnas dygruuaasgndaituduleidiuas (fiber optic) 7
WWOUADTENINNNATNIREILaZITAIATULAlTRAN N1 TRNLALAY ALY O UTD LA
dl v a = ¥ -dl 14 dg’ 1 U 1
Weliasanunsaiunieludsatenslanuisesnis uenaninisasdeygianiu
uleiuasdianunsalddedyynuamatvawaseonlumeyundaiuniouiula
ilanunsadedyaalaludsununuinninszuunisd@oa1saus SINNITEUUNg
doansnudulethuasdaigiiuanuvasndelvifiunsdeas insegnandudys

'
! =

lagnnInsdeasiIuNIgeINA

'
[ a v 1 o A

4)  WITNIASUALYEYIULTILLAN YNTNLENF U U UTDUAVIANTODNIINF YL EUATUNIN

A A U [ Ag7}

fifinudidanauardygiusuniu Imsq‘Umiﬁ‘ﬁ'ﬁmﬁﬁﬁﬁlumiLLEméTr:yﬁy'lmﬁa 2999

A59990uas (optical  detector)  @afimtiiilunisiuduaanacwaziudsulny

daulnvn ssruszneulunisusndyaalduesUsznoumeauEIunanAe

o F¥uduanunasdunti (optical receiving front-end) Fdruannldiaudsinuas
wsegunsallulia

o fnsradunas nislnlalalen (photo-diode)

e FUTEUIINANITNTIVIULAINIANES (post detection processor)

TneshsudyanauaunthismiinsewanasnfawalUdsnsaduuaddl

nihiasudyaasadidudygradnii nemnuasiivinnnsenuimtivedlile

Ialonddameiia/aing faviliAnanussdndiinsousilnlnlalendsunvandy

Fuaalihnudonsvesafiiinnnsemy MniuazdanadnsilaliRUszaanans

A59TULAINIANEY Wevinsvenedgyanaluduisndu waznsesdyaaniielils

danalwinisasniadsdun

2.1.2 N5aeasAekasiuaaiula

= 1% Y A aa . NY o o |
NsdeE1sveYAaNIBAaUEIUANLDINY (RF: radio frequency) HUBINAES LU

wuumIaviuau AUUaensdetiey dyanusuniugs diviugmuanuiuasiveaiiuld (visible

13-001/1-57 9



TASINITHRIUIANUNS DUTEAUUTENAUDINITHDANTAIULAIAINT

A 2.3 wuudnaeeseuu VLC vasaunsainigluenns [12]

light) fiwwipuAnilduandudinaisvesnisdeasteyaunual a.a. 1880 [11] lag
Alexander Graham Bell lauanslnlalnuiianansodsdyy adomniiuuaoriinglalnad
100 W95 FNTIUIN9599 wansdeasHIuLaRAATUNoUAEiinNFeanSHIUAGWINE

= 1% = & % a v oo = a = v
nsdeaIelglasitauiul (VLO) Suduiauiinannisdeasuuudunuse ddddunly
gunsaldman3lun (remote  control) 1asa1nTodninveILAIBUINLIANANRIE g Las
dursazdunTesionvesyuedla

aey VLC deiduduwelulaglmiignihunldidutemnsweanisdoasdeyanuy

Y

(%
=

99 Tnelduasiivondiuld Fawasiinanddifuwaanvasaueadidvn (white  LED)
welulad VLC HisufinsiaunadusnlutisUszanadl 19902000 wasidndufiaulaves
Fn3seslan (2] wszuonanUszlevdildainanuainsvesuaduituiildauuds &
anunsolddsdoyarimuuasioina1iléde seasiumalulad vic Tsgniluvssgndldou
TuFusngg 11NU1e WU N153eaNsIEIsaEuRiUTABUA (carto-car  communication),
spuuteasnasdantes, nsddeyaduwmesiinnigluanans, Msdeanslgdr,  19lu
Tsaneainiesdy, msssysuvaneluenens Wusu amil 23 uansuuudassszuy
vLC melumasdrinnuilflunisidousesevinedngunsaisngg nmelu sgilsimuszuy
VLC fwLm%ﬁyﬁ’uszymmmLﬁauﬁuaasﬁauﬂaﬁLﬁmmﬂwaﬂiwwh\‘16*] wWugunsal LED,
Fosdnyeyial, N1sunInaenszinsdaydnual (S intersymbol Interference) 1Hudu Fafiua
AoAIST AMNN wazUszanSainlunissuddoya Fethinuidesines fvdoudlelaym

a v Ly

| K @ [d v v Ao o
AR UANEIAL U UNUDINENED miuﬁa]’qw

o
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2.1.3 1a0ALADA

nsUsgndandsmududsindunndmiunsliTinsedriu nsvihau nmsdiiy
5379 UagAURATNTIY T IzunaanEuee Tulanddsantesas fefunissudadi
nsUsgvdandsnuiiatuitilandsilfAnmstauianssudenisussndandilugu
#1499 a8aNnIng vaeaueads Wudnuildugunsaiusendandsnuidsldfuanuadla
Tutagtu uradeq uddinmasusulfludmndedindud aa 1962 Felugaausnuase
woadilvmnuduuadliinnuasdldianzaiuiludisuas infrared Alslanunsaussifiugie
puvald vaeaueadildgnimuiliannsoivduasiiueaiiuld Tnsuasdunagnadisduan
Ao wifinainnuduuasien Mntunaonueadildgniamnlnenaeaauilagtuanui
Tiiuasiinsounquenuauifoust infrared uiisgnu visible light Ssawmaviilifinsiinaon
woadfunltuegI NIy

uenanivaeaueadildgnimuiliinnuduuasnntudosy sldannsntunld
Tunsuanslnidoyanasneg 16 wu Idyanaesas dewnaenueadifidefvaned wu
sulszndandany suegnisldnufionuiy MuanumunuYemasaLoada dvaie
sUn39 uazdvuadniflefisufunasalriuuudu tnidouazuitmenag Jejautuiamn
UsgAnsnnduanuduuasidonnuaindigeduly deeldannsotmaoanoadunld
Hulwdosainwnuennsuazvieanuy unumasaliuvuiduildegluagtiu udfndamiFes
myhlvivaonueadatiuasdunuvileunasalidlulile aunseiislul 1990 dninenmans
iy 3 au ldutuiauresaeadifiduansrauanudiie @aduesduszney

|

ddivinliaunsoasasnueadiviuawasdunle) Seldsunisendesuazldsueda
Tuwaanyiand 1wl a.a. 2014 lugruzdudfndudsssivgfazyiliiAnnsufifsnssu
Tuasaiauaznsdndsnuialanluamssed 21
Uagtuvaenueadiianunsaliininuaineganes fuvaenvgesisaioud (fluorescent
lamp) waznasald (incandescent lamp) wagUsendanasnulanin nnuitenuinvass
Woasawuisdldndsnulugonrivemasnuendd  uinaenwoadiaiunsaUsznds
wdanulsunnniuaziengnsldnuiisnuiuni aufiuandunind 2.4 lnevaonuoadid
sﬁaﬁﬁﬁwﬁ’m wu Tdndaudes LulisedeT fimuseusi fi91gnslyaruuiunda 50,000
Flus (FeUsenas 6-12 U) waedidlidenldausnnine [11]
woadfdugunsnianshsiniwdadoaduivlalen wWoviinisdnoussiuliuuy
ludanssazsiliueadiivauaonnin udwinvasakeasiaziadnasudausaiinanud 400

WISZLETAD B9 800 WSZEIRG (MSaLduUAINENIAAUN 380 WLULLAT B9 780 WLULIAST) MY
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==
F LAV ISR Incandescent  Fluorescent CFL HID LED Halogen
750-1000 20,000 10,000 20,000 45,000 3,000
Low Long Long Long Very Long Medium
3 - 500 4-215 3-120 35 - 1500 25-16 5-500
High Low Low Lowest Low Medium
Low Medium Medium High High Medium
15 60 -100 60 Up to 120 45 25
3000K - 2700K - 1700K - 2700K ~

7

b 6500K 6500K 6500K 6500K SOCK

AW 2.4 Wisuisuuantanddgvevaealniuusiige [13]

wanslunnit 2.1 wenantinmi 1.1 wansliiudaiaunnmsveanaluladueadstugie a.a.
2003 §i3 A.A. 2015 FezNUIWeadANTIAIgNaT InANaIegeu warlindanuosas Wie
Weuiuvaenvlingu 9 warannsalitlul a.e. 2015 naeaweadagnunaknuaon il

wasanailUagnansviane

2.1.4 Wugnuueadfiiianmsusendanasusaznsussgndnisioaistoyannuiags

INTOLAVDIMUILINUATUNAIUYBIENITY (Department of energy) A1ANTITAII
definsldeuegnantewnaulud we. 2577 (a.a. 2027) WeUszunaBndemenssvas
Uszndamdanulaie 348 wsyTnddalue mheialnseiunsldisemesed (Twh) [14]
wasfinsSeudisunisussndaludiulddaaunnndiedn  “aanisalimniinsude
aonlouuludlos Choneging UseinaRuss 20,000 meunusieweas s asaunsaUsznda
FaAningeinunsedfmuduntoganiyn waranmsldliiily 17.6 Sudlatmiiien”
druunltiudumsnain ueadfasiulniuognsioidies Tnglull wa. 2553 g3fauoadid

[

WaAwNNg 7 suauels (9.3 usuvseyansy)  §inakeadfanuisadikunlavaiy

<9 9

Uszlan 817 vaenliueadd Iuasadnmldlugsineueud uazasueads ludagdunain

vaonlilueads Jyarite 27 Wuduwsuyansy lneAndu 12%  vawaaliiliwasadng

[
=

LA wagAIdieuaada 45-50% Tul wa. 2558  dwalvinatavasnlvueadnil

walduAvziiulanaziaulldeg195Ini$q [15]
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Fusulsemalneludig 10 Wauwsnvaall w.a. 2553 (1.A.-0.A.) Aa1RsIuNaanln
waglpulvluussmediyasuseana 2 wliudwumiule 5% aneaiasiu wuslaidusane
aan kN 8 WUAIUUM LneTdndIuraaoads 3% aunaintauln 1.2 viludiuum ddngdiu

aa & U oAU P v ' a Aaaa A A A
Y9IRadR 11% FITITFRAIUNTITIULDY LANISHUINVDIADALDADALRANIINA naTUT
FULLAUIADS 30% LarAInINgIlonsIN15v8NeR198196L e wasilananaziiudnadlu
Asldaulunaindu 50% anvasnliviavun nnelud) w.e. 2563 [16]

1 4‘ 6 1 1 Q’ljo [y} vV O‘J L% = L% %

willlasansangunsaldesainawuuildmiumslidaumludsacas Fadanuneiu
Wesanzanuininsldnuiunsiianuainmas uaellszeznainsidaudnaseiuuny
110 1 Unglaga NMI9ULEns annudiniialazdue WesiAlagsilanasninilonsing
wiularasmannueadfaulunidnsn 40-50 % vewain gunsalnsdesadndesinzauiu
nswdsuudasieldnu lnesulasunmsaindt msnuzsiutneglugieent we. 2557
29 W.f. 2560 Iﬂ&@ﬂqmmz%ﬁmaam (ae IMS Research market, Jamie Fox) (q&qwslu'ﬂ
W.A. 2560 UUNANTZNUAINIIAEDY $120 WuausYey) [17]

TnetiydAgyuenaNNITIRAILEINNNED NISIEIULDADRANION1ITUINATIE AL

d11999nUNTUaA11150USUUIAUTARANN15 R ULUAI91IEN1STUAINUAININULA AL
2 A 23 1 v Y 5 1 a a 49{ a [ a
AMIEINgwnn waglatannnimdnduasasieduniuazauses auiwuinis) Tuvaed
waoalWwlndug wuunansaiiiAansandamgld winegludnsaniiun wagens
WAANISNTENSUTadasdudunatdy fatiu n15uUaadaniznIsTuNS 19Ul ILeadRastaliou
Y 1 [} 1 q’f Y =2 a < o ~ Y 49{ a '3
nsdsdeyaniudamzrewannaiills Juiniludngamiienisdeteyaiy tindselevi
LE3UUBNIINNTIRAIINEINAR 1IBNITAIVAN N1TATIATU (sensor) wagn1sdeansluNug
lviaruadnalulaniy swuludenmseuaulylivsainmselialdniuideenisinenis
Usendanasanu é’mi‘]umaa%ﬁﬂgaﬁ%ﬁﬂﬁﬁ’u U1 @UN9IU MIBLS9U 9a58Y  waLkilenns
Avualrgiaain1stuludiie lvauainestindulusudmmenaesniswuuiaiiouiinis
HALPIEUaLATI N ZaNITNUIINANENIN 2 Y ULRNSNAIL
1) nsdesadndayaninuiam wu Weldnuluiuiaeluaasinilaenisussandli
laulvluoadfudargnuulinauinsauaquiuINualiy agaunsalideyausuim
towe viornuFifmuuaswiivegalaulitug awnduuasainelacme suasiin
Uszlemdiadiowdussuunimuaiinnielue1as (indoor GPS) d1nsussuusmlusimnse

o 1

Vusudnavordedoyaruniainnisdesainuulunsdndulaiendeuiluluianie

RBaN13 ViTetayaliogin1snsangaienIsiaunislue A sauatuglnegunsalidie

Y

= a Id v
wagaus anun Wuny
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2) msdasadnedayannusgs mnUssyndiiien1sdeanstoyaniusigansousonwuun

dumesiila Wufnanmimadlasunsdunines Fessuvdoansnieauaindlasuns

e‘d‘ -] ¥ a | U d‘ -dll d‘d 1 dll QI a a ] U

AansainzdnldnuETsmiuTsULERansdus Nilegivenisiiuussaviaindmsu
miﬁamiﬁmaqwﬁﬂ (next generation of wireless communications)

% ¥

IagiugIun1sdInIsdesadnaunlssynalysiudutayaninaiil vinlvinisdeans

Y

[
=

szeelnada (Personal Area Network)ianuiiaiigedu Srnudasasioumsizegluuiiimd
NOUUANLAINV AUl ngdmsuANABINIsAERaTsIuNuTiUaenndudye
g 1wy TueniAgy lsang1uia wieslfUans vIemiieauiideansvanidesnduing

9

UMY wavkiteUsglenidug Snunn [3]

Tngasy “msdosatdeya”  fndrniiidisidaalasdadie “dedaluly
mnuainsanueadh aldnsieastoyalasnieniane” JalinsiFeninginismsmu
s “nsdeansiouasfiveadiuld” wie Visible Light Communications (VLC) dudy
weluladlmisunisdeansliaelduasiioglutisiuywdannsaueadiulidusinaiai
Fryeynad miﬁ'amiﬁaaLLm‘ﬁmaaLﬁu"l,é’f:lﬂuLwﬂiuiagﬁﬁﬁ’ﬂstwqd’LuamﬂmLﬁaamﬂ
1) wasiiveadiuldldmnuiunassninemiuenadu 375 - 780 nm e ud 400 -

800 THz Fagafunitgnuanud 3 THz suduguggaimheaumiuguanduainud

] a . a O a A a a v P
vodunazUszmnALN1IAIUAN (licensed band) 8AYIN BAAINDAAUINYGUNARINATIY

[y

a v o = [ < =t
gnsmsiulaveamsldnuawnn dndernunedawaziluguassalsen1smilavesnis
[ v £ @ a a 1o [ o S Y a 4
W luewesivionie Judulemandalnddmsumsiauinalulaguasinangunsel

MAgtosiunsdeansnieuas
d‘ a ¥ U U = 1 1 a d‘ 4 o [ U ¥
2) Wefasandeunduludunaluladnisdesadnelnd Auudldnewianiidausuunly
Nal Y v ° A v ¢
woadnaNUsglenitaii uuNImaTeIaanleadafazin ALy UTEYNe

Tusuuuusineg shsislantiu Aeduaudnenmueansiideyadiviaaniunisdesainaein

Y

[y

o J o a o Y a o = < A Q’lj [ Y] 1 d‘

Juuunasitliailnadifesdnuiuvaen Jududvidnua@nissesiudeaud1iasi
Usgndandsnu vsenisdesainsdayaldiduegne

a LY L4 d‘ A a Y LYY ! 1

3) newIANIsulnvednsdnindeunausaldilugunsaliudygrunisdesaing

Toya lnge19imuliaInNNInaesdienIn kagainn1satusinatasuasluauaniu

gUn30iUsede (personal  devices) tiumg vagUiwuulusuiAndus Nagiiuiu

1 LY = LY A a X ! a v v aa = a [ )

wmmaluiu @wunldudesiiadugannguneliuiuweads)  Juindudnmils

Y9IN1413018N1AN1THAILIAAIMNTTUTANIINNTADA1TAIUTINAUNITABIATN9

Aana1 wasifldnulnsdnsimdeunnieginula
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o (Y] o 1 v d' Ql' =3 Sldldta lqll [
dmsuiegensussendldaunisieasuasiueaiulaniifanssusgnilannene
Tugranansunsnil wu
1) msUssendiveiasednedeansiianuseeslng (light-wireless LAN / Wi-Fi %38 Li-Fi)

2) QR code uuulduas (@1afidr1e fu lngnisirdeyaudaliludelavanifiuadviay

=

a

! A avo v o (% 14 U Y Y 1 ¥
a119 Wedlgihgunsalfudyaraludnuaeasieiunisldndeseudeyamn QR code
dosludathelavan Toyadzusnguuntaeiniasiu)

3) szuudnauedeyalanizaaiuiiiunsdesainaveas (ensiideyaianizan 1wy
dnsuiifisioel Wuiuanadudi uaziingsenis Wudu)

4) n13nszanedeya (broadcast) n1sdeansInlanldesadnsluenans (wu nslvdeya
durn vaelusludusnge nvnsassnauasulaulndesainsnglum)

5) 58U Intelligent Transport System (ITS) (Inglvidayaudsliftudmyaalnasas ns
doanssenineunIvug (car-2-car, M2M (machine-to-machine)) wag

6) msuszendlditeszysumiaingnigluenans (localization) e uladaingd uaz
o & v
U sUumu

L%

2.2 UBNNYITD9

o aa ] ' £ & 2/ Id 1 =€ o
nsimumaludgnisdesainsteyatuwilduvedanluliegrdindn  lngUssina

1 = 1

=i oA a = v = ] VY .. . - -
gduiinisnasinguiitonisnanisdeansmewasnueaiiula (visible light communication

9

consortium) %38 VLCC nadsuiilot w.e. 2545 iaisuasiemnuaseutinduau VLC Ty

[y

a1duwsn wazlaeanuinsgiunielusiefie CP-1221 (visible lisht communications system)

a o

way CP-1222 (visible light ID system) uagdiauinisidaunn wuaudslul w.a. 2550 (a.¢.
2007) uninendaideale (Keio  University)  lddnauemsiunealulagdluviaddlusalu
AILTIGIUA [18]

dwiuiuglsy Massnsanusiuiionsldde OMEGA  Tegldsumisatuayuain
anamelsy (EU FP7 program) Lﬁamﬁﬁwmmﬂ%amﬁaﬂﬁiﬁaawsﬂ'swuL%aqqzwﬂaiuaﬂﬂﬁ
(Home gigabit access project) Fefianuddouagiamndu VLC a&ﬂuimqmif:ﬁw Ineviany
o1t LU W Inedueendwesa [19] Aeutd@a1Uudde  Fruanhofer Heinrich Hertz
Institute vosUsywAeesuil Iiadesiusuuiionisldiu VLC wuuasuiladduiinnnusa 500
Mbps waziinauainduizud wa. 2556 [20] Sudunslalseaglannisussgndldand
Faraunnundsninmslatauianizdndmnsunlaludiaisiummssy sl

utulindnnanslusu MU Telecom World’13 o Uszindlne iegiafioungainiey
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[ 1

WA, 2556 MeuL [21] Fapnusiseeusananillaantinnisaeansseesinausenndu wu

L % v d‘

Bluetooth 30 Wi-Fi lUsnnud mnuadideswaiuIAuainsanudus iuigaununis
Wau sumesdusmuazdostameiinaug Snsveswis faasiingnsaiusunisidau
Sffunisfeansusuandug Adegldifuund suvienufivianesyfoinisaues
5 uwnInedsluansiverundng nelasunisatuayuainaniidedeanssumansuas
Ie@nsn18 N (Engineering and Physical Sciences Research Council) @13150@314
weluladuauanufiioldrusinsnszndureuasiifidnonmdstoyaldfe 10 Gbps [22]
dusuansgosni nquidenazimunsiu VLC  nausnanusanunlussey o
wrInedeueasiu (23] lagusinguuiliduvesnmsiaunluguiuy “uawain” v3e Smart
Lighting é’mﬂumimmwﬁumiﬂizqn@ﬂuﬁﬁﬂmﬁaﬂé’wUﬂﬁqf‘ﬁ’umia%aﬁmﬁaﬁwﬁfﬂmu
a3y (Smart home/ office) Ly TaRnfuLuuguinisieassousiouamie

fa v o a o

Center for Ubiquitous Communication by Light (UC-Light) LLaz@umﬁmmma’amaaﬁuq
AT

TudIuveINIINAUILEadA LAY NIZLAIEYINDN1TdRIEI198 ASHAI IAUEU
9 = No g v = ~ a o A | =
Juimdeunninalulagsulinasdvniieuainmedanisnseuaiazianaus dngnalulag
Tnilpgnisadannianaisieiitnduasdadeanlen (ZnO,) Alddmiunsaa &
ansnirlusegengnisninvaenlndesaineaflikavIuuusITNYIR NFouIaInNTe
Usgndandsnulninlaunndy 50% waziiengnisldauuiuvanst danuvasaielunsld

al 1 ! a 1 & a 1 1 a 1% = 1
Nullsnndiulsznours o Nlliluiivnesineuazdnden [24] swluisnseeven
wuvamTvenanszolsng Sulidennisiiu nsikasadnansnasusenisdes

I [ 9 = ¥ <@ Y o 1 aa I
alnetoya” lavasiinisietayavuiadny Lifunisiddiwasvesieadsgaluilueuinn
(embedded signal in next generation LED) tieasisyaniiialvikeadsidmiuaulnasias
wiathelavauluyariinlulunisidueadinawsduul [25]

Wenduingdyy  “nsdesainedeya” InsiauniuaunssnuiansIungueans
wnsguana lasauiauaatuimnsiviuazdidnvselind (Institute of Electrical and
Electronics Engineers %138 IEEE) Fa3uiila w.a. 2552 (A.A. 2009) Ingunauslungy IEEE
802.15 (wireless personal area networks) Task Group 7 (visible light communication) %
Ielvidaiauauuzlunatsdiuvesnsdoassveglng (short range) Unuulduasiuoiiuleil
Wedusunmsnlugszrudamndyd F1oenu1nsgIulansounguAUsINITERE159n
s¥AUAUS nansesilalnaeiunil (bps) lUauds 96 (d11) Mbps AUABUINITWAILITEUY Ly

aunsal Sauvamaliadlidimdneninves “nsdesadnedeya” Widndnaausasedu Gbps
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1§ (dleieuiunisdeanslalil (Wi-Fi) Nieglutis (Undvialu) 50 Mbps) [26] Fadun1swiug
AuATErtnlussAvaInavesnIsdesaintayanasliidiunsuiussuvdeasnuidiegli

A111905095UAIANNEANS AN NTU

2.3 1AasIN15NNEIVDY

IINNITTINFUAIAIVINITABUNLN (NG LED-SmartCoN>>)  [8]  #iladmAanssy
ANTIUYIRIUNIAEEIFU FlANULTLIVIYAUNTIRUIYAAAINT N15IATIFENTIED

v3oRile LagHaninn1IvIN1IouY Siunsiinetestumalulagnisdesainadoyauiua

= o

wu TnsansideiEes "annanududasunisdeasioyaiuuasiinueadiu’ Uszdd
suUszanm 2557 Ananidouisnnd syezinan 10 vesmminerdesniguasugudu 366
thuszaumsaivaniuniufuitedarlasnisideludufanssumddouasdondva s
FUUUIVINT WazANUTINTegnaNTTY

A1 115d13998n50s Nawdde wazamAImiinlan Wednviisisaiunis
dmadutiouievdmivdssmalnetu funuagsmfumbsnufuuinsauimg
Inemanfuazmealuladislulagsinsszna ensdsadoyannedotelindiuaniug
13Ty nsmddumadgaveanelulad wazkdndnsiniedesialan dren1sd1sway

I av

AATIZREANTURT HaURTUN nEadue Nguide gnarnssy uazUszwaiineites lusiu
Faagvilinsvantusnnlagazideaiiienisanaulaluseaunneg laegrefiusza@nsnin 7
Aunleuiy M5 waznsiaunlusyiuUssmeaseldlame
wInANuTieiunguinyng dnideansisseina vseRilunumluseau
a < =% Y ] =~ sl %
Wi dusnuwmandslunissunisaievenmaluladuasyseaunisaiiiieatodain
aedsvine iveusuldlvimunvanaensuivinguszasdauazidmunevedlaseinis s3unNeae
[ v | a = =% 3 = o = SR
Junsasiemnanisinnumelulaganvlivniilasinsuaziloniadug uniu Fefiuau

ToUsganuwazyinaIus I UNNNUNLNIAUAIAU wazlAUNSaULANIUAY

2.4 NSBUKUIIAA

PINANYNINVD "miﬁmai’mﬁﬁa%a"maa“mi?iamiéfwLLmﬁmmLﬁuléf" Uszndlne
faraunasdoyasnedauiienianiounnuniensu nedsiunmsndnduiiaziiudnenimnig
i sfuvesUsemelnedausgianisisuduveawnalulad Saudufiuiveswuifniiazdnvia
Imqmiﬁﬂw’lﬁﬁam,wﬂiuIaQ“miz‘ima’j’lﬁayja”vﬁa“mi?ilamié’wl,l,mﬁumLﬁuléf” a8y

ihnsmunyeatnsnieuliunisdisia Anwn Basnuwalulaguaadfianislvinuadn
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Usgndandeanu waznismivsiudunisdeansteyagalvy Wefnwikagiinsierunsgiu
waluladinerdesvesneadinunisdetainedeya Msussndandenu nsdeansisane
AgLas N15UTEENALTULAYNITORNLULAN NAEIT09 LaglanzaiunITRRLIUAAINS
a | owva ! v a d' v a{' & v al a
eiinsnungudiianuaulanisdesainsdeyavisemsdeansimsuasiiveaiuliainweadily
Useinalngniniaizinis guamnssy gnivuauleuns waggldeau Wion1sAnwid1399
AINANAUTINTHRAIUIAT AT IwAMNTINL NI TR A UrsUlus s UsEINA 1t
JEITA (Japan Electronics and Information Technology %58 VLCC Way The European
Telecommunications Standards Institute (ETSI) $93%4 IEEE 802.15.7 wazduq suidy
wlgunaiiion1sdrsraninddunelygyailegudiniad@nsdng ¢1uide dud 9 Wednaus
I ] a a = = « ] ' v o [
Junenunisdrsaladivuiisunse “wumunisdesaindeyadmsulssmalngly
9 1 v P 1% = o @ Y1 a ao I 1 v
purnn” 1 Uudu wazlloldnavinnisfinwdrsianaglanuausdsndndudeniswamn
wialulagndiveaUssmalngsoniisausngg Maiaulouts 39015 9AaIMnNTTY Lag
ALt luniswlsuanuniovsuianvesusvinalnesoly Madaaelin1sdnniseusunmeug
wazUfUAMsILMeInsnsAuwA HiuesRnsudtievesan1irInsluyngiiniavesUseime
lnanandnnanvedlasinisfesienunzdninduunasdoyadiadalugluuuniieg wu Ty
o L A aa o I v/ v v Y a 14 v
sUwuudemilade uardendvia lludu legvzndnduliiiaUszlevillagnisaiaaunsevidn
as1sauzaenisiinnveavaluladlmitilulssmalveselula wavivelilasunisauseain
1 [ P 1 Ly [ A o N v 1 o [y
wiguiuulyuisinedesiaundununiimanalulagdnandmsuussmalnglu

auAnsall
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szdeu g

Tasam93dy “lassmsfaunanundeusefussmareansdeasmeuaiaing: s
deneamnalulad msfmuiyaainsiuianisinsauuiay M3daisanigu wagde”
Junmsidefaenadesiuulouisniadsiuunuidunianisinsauuiay Fesn15waun
yamnsulnIANIAL LavanaSugRaNTTLATIATE LTI Tes Tnslasanstasiing
a¥reanusiuiionnuatsnindiu warnisareneamalulad siuvienasgiuanUszsime
W el neusudnenenaussediinuauladunisdesainsteyalutszmalne
sutaimsfnyidatisuieuimunmsvesisUssmaiinisamu nanuide dnstnauay
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3.1 AMNSIUVBINTTANTULATING

[

nsafiuvedlasimsideutseandy 3 Tassnstesddl
o lasanisges 1: vilde Alleansnsuy waruInsgIu ag
o w1 wla uarlinTeiInsgIuNTdesaitayaveatlan (CP-1223)
o dnfaninazmeunsosulatifislonmadndstugldnungudmmng
o lasansgay 2 dialasanisuasnisamu ninddunislan Fuduazuinig lag
o Favhinsdseavddhsuasranuiserilan (intellectual properties survey)
o davhimsdmaanuimnii duf uaswanszviualan
o dnMFuNLITEANALDY “UuIMINITdesaideyadmiuUsTnalneluauAn”
o dnfniuazimounsoouladiiofislenmainfeiugldnungundmine
o lpsanisges 31 Anousy é’muﬁmmmazmméamﬁaqmamniiuﬁy’ﬁzé’umaLLag
WA Lo
o FUNWININA WATANL.
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o afumnusuionguanvififendes Wy wdsuuaziasaing (Wu nslaiae) e
NUFIUUANAURANTENUAUNTAIAIN MiBaunTAeans wazvtigauf1u
wlgu1e (Thai VLC consortium visengunisdesainadeyalne)

o dnnousumguiuazufiaing H1UBIANTHYI8YBEN1IAINTIUNNYIAIAYDY
Uszine

[

Tnemssdulasenisgesnneg Wuluauununisandusudiei
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Aanssy
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WiaAuATIwAY TIUTTaya
159713 o: Milade Al
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1A59N3 o indaumelaga <
dununszaNanes “uumensdesaintoya
/ / /
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amanindaumelgan AV AVAVAVANVAW,
18U USsUTIEU AW WA VA VA WV RV RV
1A59n15 o RNBUTUA
U FUNUN UTTENERLAY / / / / / /|7
A5IATDIAI AWA VA WE WA WA WA VS RV R R
MsUsEdiunalasens & USuus / /
davihgudsy/ daiiud ARV VA
A9 URFlATINNG wavdslauntede VA,
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wazsguatuaNysel
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dmsuint avdnAldusziiusanudiiavedlassnsmuagUsvassaine iaed
1) duled VLC ilowmsunsanufifeaiumelulad VLC seulatiansnsns
2) FINUBUINININTFIUNGAAMNTTY (CP-1223) atunwlneg
3) srwnuNsdTadalisuiisudmsulsemalng “nswddunelann nuide waniue
wazALIN1INITdRdEITeYa”
1) fnevsuduiunivinsuazanuniiograngay Sz 7 ada Tneiauladhd

pusylitiosnin 1,000 Ay

T3-001/1-57 20



TASINITHAIUIANUNS DUTEAUUSTENAUDINITADANTAIUEIAINI
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] ¢ [ deptnpruacth
VisiblelllishtiCommunication (VLC
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Visible Light Communication u‘k

A 000~ ~QO@  ex=
) [ iR | - [ ]
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S -] —— | LED-SmantOaN
e - e ) TN 2 s
P

Amdi 3.1 GSules http://dept.npru.ac.th/vic/

3.2 JUADUNISANUUNITIAYLLAZNRIUN

3.2.1 M5UsTYNAMLYINY

Tunsdniunulasanside meiulddinsussyuangyiauiiefvuauuamaly
sy TiemeiuarUssdiunanmadiiun saviaan 5 Ay il
1) Uszeuadal 1 Yuduns 7 nsngrau 2558 @ uine-deaiun
2) Uszguedadl 2 Fuiansdl 31 aanew 2558 o uvinendemaluladnszaennd mizuas
wile
3) Useyuededl 3 Funs?l 20 unsem 2559 o unTInedenesuaTUgy
6) Useruadedl 4 Suian$i 23 wwieu 2559 a uvinedeiuya

5) UssuAsan 5 Tuasin 2 nIngiau 2559 a uninenaeasuny

3.2.2 ulwdnas Facebook

VYA v o

weanINinnaneITedaladnriniuledniunmi 3.1 uay Facebook muAMT 3.2
erdugomdlunsieunsinias amnuAuntivedasinig warAnumalunetumelulad
VLC @algsupnuaulaanympaluiludwuuniidnunldnu
3.2.3 MINAINIDNETOUTHUAZYAFITA
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About
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Paosts F 630 pecple ke this
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® Chat (32)

Irvuibas frmrte |

i 3.2 Facebook http://www.facebook.com/VisibleLightThailand

Visible Light Communication and its Applications
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Abstract

Since the Internet of Thing allows devices to be interconnected across communication networks, the demand
for bandwidth in personal communication are growing rapidly as the number of devices increases. Moreover,
the location estimation in an indoor environment requires a proper technology because the global positioning
system cannot provide satisfactory accuracy. Thus, a visible light communication (VLC) technology is
introduced so as to add extra capacity to an existing radio frequency infrastructure. In practice, the VLC can
utilize the lighting system infrastructure to transmit data via light intensity together with illumination. Several
VLC standards have been published by the visible light communication consortium (VLCC) and the institute of
electrical and electronics engineers (IEEE) in 2003 and 2011 respectively. In the past five years, many
researchers in Thailand have focused on both VLC basic research and technology implementation.
Additionally, the inter-University co-operation known as LED-SmartCon has also been established by ECTI
Association to promote the VLC technology in Thailand.
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1. Introduction

Optical transmission has been used by ancient Greeks and Romans since approximately 800 BC. They used
fire beacons for transmitting single bit information over a long distance between mountain tops. The
transmission rate of optical transmission was increased by employing an optical telegraph invented by Claude
Chappe in early 1790’s. Almost a century later, the photophone was invented by Alexander Graham Bell. The
voice signal was modulated with reflected light from the sun on a foil diaphragm. Since the pioneer work of
F.R.Gfeller and G.Bapst in 1979, the optical transmission in the free-space infrared band has been extensively
studied. Then, the open standard for IR data communications was published by the infrared data association
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(IrDA) in 1993. For visible light communication (VLC), two standards were published by the visible light
communication consortium (VLCC) [1] and the institute of electrical and electronics engineers (IEEE) [2] in
2003 and 2011 respectively.

Since a demand for bandwidth in personal communication, i.e., mobile phone, computer, wearable device,
and Internet of Thing, are growing rapidly as the number of users increases, an alternative communication
technology is required to add extra capacity to an existing radiofrequency infrastructure. Radio frequency
communication has some limitation when people carry more than one communication device at the same time,
because each device needs high data rate. Furthermore, a location-specific service has recently been received
more attention because the global positioning system (GPS) cannot provide satisfactory accuracy for estimating
the location in both an indoor and an outdoor environments. Examples for indoor and outdoor environment
services are location-specific multimedia contents, security messages, illuminated advertising boards, car-to-car
communication, intelligent transport systems (ITS), and so forth.

Optical communication technology is the promising technology that could be used for addressing the
congested spectrum bandwidth of radio frequency communication. The optical wireless communication that
carries information by modulating light around 400 — 700 nm is called VLC. The VLC system can utilize the
existing lighting system infrastructure to transmit data along with illumination, which can be achieved by
employing LED lights to send data via light intensity.

2. VLC System

A typical indoor VLC system is illustrated in Fig.1. The LED lamps are installed on the ceiling for
illuminating all areas in a building, including rooms and corridors. One of the lamps is functioned as a
coordinator to transmit visible light beacon or data frame, e.g., computer data, serial number, product
information, or location information, through all LED lamps. Thus, the receiver or VLC end device can obtain
information from the coordinator device via light intensity. The information may include additional data, e.g.,
product name, product specification, or the location where the lamp is installed. The up-link from a VLC end
device to a coordinator device could be on a modulated retro reflector [3], transmitting VVLC in the dark [4], or
existing RF or IrDA link. A modulated retro reflector controls the amplitude of the incident light from the LED
transmitter before reflecting back to the coordinator. In the case of VLC in the dark, the duty cycle of the LED
light is reduced in order to produce a very narrow pulse width such that the lamp appears dark while the
receiver at the coordinator device can still detect the transmitted signal.

In addition, Fig. 2 shows an outdoor VLC system, which can provide connectivity between car and road
infrastructure, e.g., car’s head light and rear light, traffic light, or illuminated advertising board so as to
exchange information among all devices in the intelligent transport systems.
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Applications on VLC can be classified into four groups, based on indoor/outdoor with low/high bit rate. An
example of an indoor/low bit rate group is the infrastructure with fixed lamp location to enable identification
broadcasting or location information, whereas that of an indoor/high bit rate group is a data communication via
a mobile device, which uses battery as a power supply; therefore, it can transmit data only for a short distance.
On the other hand, an example of outdoor/low bit rate group is a car to car communication or car to road
infrastructure communication that has moderate power supply and intense light source for using long range
communication, while that of an outdoor/high bit rate group is a communication between two network stations
using very intense light source with fixed coordinator.

3. VLC Standard

There are several standards related to VLC, but only two potential standards are described in this paper,
namely IEEE 802.15.7 and CP1223. The institute of electrical and electronics engineers defined a standard,
called IEEE 802.15.7, for short-range optical wireless communication using visible light. This standard defines
only two layers, physical layer (PHY) and medium access control layer (MAC), in OSI 7-layers model [2]. The
PHY layer is responsible for controlling light transceiver along with signal-level control mechanism. Three
types of PHY layer are supported, which are different in spectrum frequency band, data rate and optical clock
rate. The PHY 1 is intended for outdoor usage with low data rate applications. This mode can support data rate
up to 266.6 kbps. The PHY Il is intended for indoor usage with moderate data rate applications. It uses on-off
keying or variable pulse position modulation as a modulation scheme with higher optical rate up to 120 MHz.
This mode can support data rate up to 96 Mbps. The last mode, PHY Ill, is intended for application using
multiple light sources and detector that can gain advantage from band-hopping to avoid interference. The PHY
111 uses color-shift keying (CSK) as a modulation scheme with optical rate up to 24 MHz. This mode can
support data rate up to 96 Mbps.

The MAC layer handles all accesses to the PHY layer using superframe structure. The superframe

composes of several slots including active period, beacon, contention access period (CAP) or Contention free
period (CFP), and inactive period. The beacons are used to synchronize end devices to the coordinator device.
When any end device wants to communicate with the coordinator, it might have to compete with other devices
via random access during contention access period. On the other hand, for the end device that requires specific
data bandwidth, the dedicate portions, called guaranteed time slots (GTSs), are assigned by a coordinator
device during contention free period.
The other standard called CP1223 was proposed by the visible light communication consortium, Japan. This
standard prescribes the unidirectional communication system with visible light as the medium for multimedia
applications. The visible light beacon transmitter can transmit information either arbitrary data or an 1D code.
Optical wavelengths of this standard are around 380 — 780 nm with data rate about 4.8 kbps. The transmission
system for modulation of visible light is inverted 4 pulse position modulation (I-4PPM). The transmission
frame structure consists of preamble (PRE), frame-type (F-TYPE), payload and cyclic redundancy check
(CRC-16). Payload may contain ID information and/or 128-bits data. This standard can be applied for various
multimedia applications, such as transmission of advertisement or security information from illuminated
advertising board, emergency exit signs, where Content ID is sent from an LED light and various location-
dependent contents directly from the light.

4. Thai Preparations

In the past five years, many researchers in Thailand have focused on the VLC technology. For example,
researchers at faculty of engineering, Chulalongkorn University and the national electronics and computer
technology center (NECTEC) presented channel modeling of visible light communication [5]. Moreover, they
proposed an indoor positioning system for LEDs based on received signal strength and fingerprinting in order
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to estimate the position of the receiver [6]. On the other hand, at the industrial robot research and development
center, King Mongkut’s University of technology north Bangkok, researchers have proposed an indoor
positioning system for robot localization. They proposed an integrated angle of arrival-received signal strength
(AOA-RSS) localization method using the VLC. It has been implemented to achieve high accuracy for robot
localization with small error approximation of a few centimeters [7]. The alternative technique for location
estimation using spread spectrum has been proposed by researchers from faculty of engineering, Sripatum
University. This technique embeds the Gold sequence to LED lamp which can distinguish from other
sequences by using the correlator [8]. The study on handover in visible light communication was reported by
researchers at faculty of engineering, Naresuan University [9]. In addition, Researchers at the Bangkok
University center of research in optoelectronics, communications and control systems (BU-CROCCS), school
of engineering, Bangkok University has concentrated mainly on low cost transceiver design supporting both
digital and analogue intensity modulation formats. The transceiver has been designed to support VLC over
dimmable light. A software defined approach has been used for the implementations of the modulation and
coding schemes to improve the quality of VLC communication links. They also presents an application of
software defined communication systems to transmit location information of displayed item in a smart museum
[10]. Application of LED for health has been focused by researchers at Rajamangala University of technology
Isan and demonstrated in the 7" Rajamamgala University of technology conference [11].

To accelerate the VLC technology development in Thailand, both fundamental research and technology
implementation have to be developed at the same time. The VLC development kit that in compliance with
CP1223 standard has been developed by inter-University co-operation, Sripatum University, Nakhon Pathom
Rajabhat University, Rajamamgala University of technology Isan, King Mongkut’s University of technology
north Bangkok and NECTEC, in order to accelerate the product time to market for industrial partners. Not only
the inter-University co-operation has been set up, but also Thai VLC consortium, called LED-SmartCon, has
been established by ECTI Association. The LED-SmartCon aims to promote the LED for communications,
industrial applications, and health, among researchers, students, and industrial partner. One of LED-SmartCon
activity is to promote VLC by arranging a meeting for researchers, students, and industrial partners from all
around Thailand. The website and social media are also set up for LED-SmartCon, which can be found at
http://led-smartcon.org/, https://www.facebook.com/VisibleLightThailand, and http://dept.npru.ac.th/vic.

5. Summary

As we rapidly run out of radio spectrum, VLC could be an alternative technology to support the Internet of
Things age. Applications on VLC can be classified into four groups based on indoor/outdoor with low/high
bitrate. For indoor, the VLC could use the existing infrastructure of the lighting system to transmit visible light
beacon or data frame along with illumination. Uplink from the VLC end device to the coordinator device could
use several methods, a modulated retro reflector, transmitting VLC in the dark or existing RF/IrDA link. For
outdoor, VLC can be used in the intelligent transport systems by providing communication between car to car
or car to road infrastructure. Currently, Thai VLC consortium, namely LED-SmartCon, has been established by
ECTI Association to accelerate both VLC fundamental research and technology implementation in Thailand.
The LED-SmartCon aims to promote the LED for communications, industrial applications, and health, among
researchers, students, and industrial partners. Furthermore, the VLC development kit has been developed by
LED-SmartCon researchers in order to accelerate the product time to market for industrial partners.
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Abstract

Since the Internet of Thing allows devices to be interconnected across communication networks, the demand
for bandwidth in personal communication is growing rapidly as the number of devices increases. Moreover, the
location estimation in an indoor environment requires a proper technology because the global positioning system
cannot provide satisfactory accuracy. Thus, a visible light communication (VLC) technology is introduced so as to
add extra capacity to an existing radio frequency infrastructure. In practice, the VLC can utilize the lighting system
infrastructure to transmit data via light intensity together with illumination. Several VLC standards have been
published by the Japan Electronics and Information Technology Industries Association (JEITA) and the institute of
electrical and electronics engineers (IEEE) in 2003 and 2011, respectively. In the past five years, many researchers
in Thailand have focused on both VLC basic research and technology implementation. Additionally, the inter-
University co-operation known as LED-SmartCon has also been established by ECTI Association to promote the VLC
technology in Thailand. Moreover, the VLC development kit was developed by SARGMET researchers, according to
the CP1223 standard definition. This helps reduce the time to develop the VLC products with the ease of use and
low complexity.

Keywords. Visible Light Communication; Communication Standard; Thai Preparations
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1. Introduction

Since a demand for bandwidth in personal communication, i.e., mobile phone, computer, wearable device, and
Internet of Thing, is growing rapidly as the number of users increases, an alternative communication technology is
required to add extra capacity to an existing radio frequency infrastructure. Radio frequency communication has
some limitation when people carry more than one communication device at the same time, because each device
needs high data rate. Furthermore, a location-specific service has recently been receiving more attention because
the global positioning system (GPS) cannot provide satisfactory accuracy for estimating the location in both indoor
and outdoor environments. Examples for indoor and outdoor environment services are location-specific
multimedia contents, security messages, illuminated advertising boards, car-to-car communication, intelligent
transportation systems (ITS), and so forth. Visible light communication (VLC) is an emerging technology that is
being researched to use light emitting diode (LED) as a transmitting light source for communication systems.
Unlike radio frequency systems, VLC can be used in hospitals, under water communication and electromagnetic
interference sensible locations. Applications such as VLC for audio systems and information broadcasting using
traffic lights are examples of the capabilities of VLC. This optical communication could be used for addressing the
congested spectrum bandwidth of radio frequency communication. This wireless communication carries
information by modulating the light with wavelength of about 400 — 700 nm, which is in the visible light spectrum
band. The VLC system can utilize the existing lighting system infrastructure to transmit data along with
illumination, which can be achieved by sending data via light intensity. There are two common approaches to
produce LED white light illumination, namely the blue LED with a phosphor, and the combination of red, green,
and blue (RGB) LEDS. However, if a high transmission rate is required, the RGB method is preferred because the
phosphor has a slow response and then the bandwidth is limited. Moreover, the RGB LEDs could be transmitted
simultaneously by using a wavelength division multiplexing (WDM) technique, which could increase the
transmission rate.

Now the light we use in our daily life is employed not only for providing light, but also for communication;
however, many technical issues might need to be addressed. For visible light communication, two standards were
published by the visible light communication consortium (VLCC) [1] and the institute of electrical and electronics
engineers (IEEE) [2] in 2003 and 2011, respectively.

2.VLC System

Generally, VLC utilizes LEDs to transmit data by turning on and turning off the light at a speed undetectable by a
human eye. At the receiver, the photodiode will convert the optical signal to the electrical signal, and then the
modulating signal will be retrieved. A typical indoor VLC system is illustrated in Figure 1. The LED lamps are
installed on the ceiling for illuminating all areas in a building, including rooms and corridors. One of the lamps is
functioned as a coordinator to transmit visible light beacon or data frame, e.g., computer data, serial number,
product information, or location information, through all LED lamps. Thus, the receiver or the VLC end device can
obtain information from the coordinator device via light intensity. The information may include additional data,
e.g., product name, product specification, or the location where the lamp is installed. The up-link from a VLC end
device to a coordinator device could be on a modulated retro reflector [3], transmitting VLC in the dark [4], or
existing RF or IrDA link. A modulated retro reflector controls the amplitude of the incident light from the LED
transmitter before reflecting back to the coordinator. In the case of VLC in the dark, the duty cycle of the LED light
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Figure 1. An example of an indoor VLC system.

Traffic light

Figure 2. An example of an outdoor VLC system.

is reduced so as to produce a very narrow pulse width such that the lamp appears dark, while the receiver in the
coordinator device can still detect the transmitted signal.

In addition, Figure 2 shows an outdoor VLC system, which can provide connectivity between car and road
infrastructure, e.g., car’s head light and rear light, traffic light, or illuminated advertising board so as to exchange
information among all devices in the intelligent transport systems.
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Applications on VLC can be classified based on indoor/outdoor applications or low/high bit rate. An example of
an indoor/low bit rate group is the infrastructure with fixed lamp location to enable identification broadcasting or
location information, whereas that of an indoor/high bit rate group is a data communication via a mobile device,
which uses battery as a power supply; therefore, it can transmit data only for a short distance. On the other hand,
an example of outdoor/low bit rate group is a car to car communication or car to road infrastructure communication
that has a moderate power supply and intense light source for using long range communication, while that of an
outdoor/high bit rate group is a communication between two network stations using a very intense light source
with fixed coordinator. Examples of VLC potential applications are included:

1) Indoor data communication that uses light from LEDs as a medium to deliver high-speed communication.

2) Low-cost indoor navigation that uses existing ceiling lamps to broadcast location IDs that the mobile
receiver unit can be used to calculate the current location.

3) Location based services that use the existing lighting infrastructure to deliver personalized content based
on location e.g. pushing the digital content to shoppers in the stores or personalized content delivery in the
museums or galleries.

4) Visible light barcodes broadcasted from billboards or advertising boards.

5) Intelligent transportation systems that could be used for vehicular communications, e.g., vehicle to
infrastructure, vehicle to vehicle, or infrastructure to vehicle.

6) VLC can be used as smart lighting from public lighting, i.e., street lamps. The lamps could be used to provide
communication hotspots or could be used to monitor or controlling some devices.

7) VLC can provide a robust communication comparable to radio frequency communication in the hazardous
environments such as mines or industrial plants.

8) VLC does not interfere with medical instruments such as MRI scanners or aircraft radio communications;
therefore, it could be used in the hospital or airplanes.

9) VLC could be used in underwater communications where radio frequency communication could not be used
because of extremely high RF and acoustic wave signal distortion.

3.VLC Standard

There are several standards related to VLC, but only two potential standards are described in this paper, namely
IEEE 802.15.7 and CP1223. The institute of electrical and electronics engineers defined a standard, called IEEE
802.15.7, for short-range optical wireless communication using visible light. This standard defines only two layers,
physical layer (PHY) and medium access control layer (MAC), in OSI 7-layers model [2]. The PHY layer is responsible
for controlling light transceiver along with signal-level control mechanism. Three types of PHY layer are supported,
which are different in spectrum frequency band, data rate and optical clock rate. The PHY | is intended for outdoor
use with low data rate applications. This mode can support a data rate up to 266.6 kbps. The PHY Il is intended for
indoor use with moderate data rate applications. It uses on-off keying or variable pulse position modulation as a
modulation scheme with higher optical rate up to 120 MHz. This mode can support data rate up to 96 Mbps. The
last mode, PHY llI, is intended for application using multiple light sources and detector that can gain advantage
from band-hopping to avoid interference. The PHY IIl uses color-shift keying (CSK) as a modulation scheme with
optical rate up to 24 MHz. This mode can support data rate up to 96 Mbps.
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The MAC layer handles all accesses to the PHY layer using superframe structure. The superframe composes of
several slots, including active period, beacon, contention access period (CAP) or Contention free period (CFP), and
inactive period. The beacons are used to synchronize end devices to the coordinator device. When any end device
wants to communicate with the coordinator, it might have to compete with other devices via random access
during a contention access period. On the other hand, for the end device that requires specific data bandwidth,
the dedicate portions, called guaranteed time slots (GTSs), are assigned by a coordinator device during a
contention free period.

The other standard called CP1223 was issued by the Japan Electronics and Information Technology Industries
Association (JEITA), Japan. This standard prescribes the unidirectional communication system with visible light as a
medium for multimedia applications. The visible light beacon transmitter can transmit information either arbitrary
data or an ID code. Optical wavelengths of this standard are around 380 — 780 nm with data rate of about 4.8
kbps. The modulation techniques used in this system is inverted 4 pulse position modulation (I-4PPM). The
transmission frame structure consists of a preamble (PRE), frame-type (F-TYPE), payload and cyclic redundancy
check (CRC-16). The payload may contain ID information and/or 128-bits data. This standard can be applied for
various multimedia applications, such as the transmission of advertisements or the security information from
illuminated advertising board, emergency exit signs, where Content ID is sent from an LED light and various
location-dependent contents directly from the light.

4.Recent Researches in Thailand

In the past five years, many researchers in Thailand have focused on the VLC technology. For example,
researchers at the faculty of engineering, Chulalongkorn University and the national electronics and computer
technology center (NECTEC) presented channel modeling of visible light communication [5]. Moreover, they
proposed an indoor positioning system for LEDs based on received signal strength and fingerprinting in order to
estimate the position of the receiver [6]. On the other hand, at the industrial robot research and development
center, King Mongkut’s University of Technology North Bangkok, researchers have proposed an indoor positioning
system for robot localization. They proposed an integrated angle of arrival-received signal strength (AOA-RSS)
localization method using the VLC. It has been implemented to achieve high accuracy for robot localization with a
small error approximation of a few centimeters [7]. The alternative technique for location estimation using spread
spectrum has been proposed by researchers from the faculty of engineering, Sripatum University. This technique
embeds the Gold sequence to LED lamp, which can distinguish from other sequences by using the correlator [8].
The study on handover in visible light communication was reported by researchers at the faculty of engineering,
Naresuan University [9]. In addition, Researchers at the Bangkok University center of research in optoelectronics,
communications and control systems (BU-CROCCS), school of engineering, Bangkok University has concentrated
mainly on low cost transceiver design supporting both digital and analogue intensity modulation formats. The
transceiver has been designed to support VLC over dimmable light. A software defined approach has been used
for the implementations of the modulation and coding schemes to improve the quality of VLC communication
links. They also present an application of software defined communication systems to transmit location
information of displaying item in a smart museum [10]. Application of LED for health has been focused by
researchers at Rajamangala University of Technology Isan and demonstrated at the 7th Rajamangala University of
technology conference [11].
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Figure 3. System overview.

To accelerate the VLC technology development in Thailand, both fundamental research and technology
implementation have to be developed at the same time. The VLC development kit that in compliance with CP1223
standard has been developed by inter-University co-operation, Sripatum University, Nakhon Pathom Rajabhat
University, Rajamangala University of technology Isan, King Mongkut’s University of technology north Bangkok and
NECTEC, in order to accelerate the product time to market for industrial partners. Not only the inter-University co-
operation has been set up, but also Thai VLC consortium, called LED-SmartCon, has been established by ECTI
Association. The LED-SmartCon aims to promote the LED for communications, industrial applications, and health,
among researchers, students, and industrial partners. One of LED-SmartCon activity is to promote VLC by arranging a
meeting for researchers, students, and industrial partners from all around Thailand. The website and social media
are also set up for LED-SmartCon, which can be found at http://led-smartcon.org/, https://www.facebook.com/
VisibleLightThailand, and http://dept.npru.ac.th/vlc.

5.VLC Development Kits

To accelerate the VLC technology development, the guideline of development platform both hardware and
software are needed. Therefore, the VLC development kit in compliance with the CP1223 standard has been
developed in order to accelerate the production time to market for industrial partners. The development kit
consists of two parts, namely the hardware and the software. In the hardware design, the ease of use and cost of
building or development work have been taken into account. The ease of use has made the selection of Arduino
microcontroller in order to start the development of optical communication products quickly and easily. The
selected Arduino microcontroller model used in this design is Arduino Pro micro (mini Leonardo), which is popular
among developers and it is small and affordable. This Arduino Pro micro is employed to control the operation of
electronic hardware. In the software or programming part, the structure of the program is made clear and easy to
edit. Moreover, we are also preparing all source codes so as to demonstrate a large number of applications.

The wireless optical development kits consist of a wireless transmitter and receiver kits as shown in Figure 3.
Both devices have the same hardware that can be configured to be a transmitter or a receiver module. Each
development board equipped with a main board, a microcontroller Arduino Pro micro (mini Leonardo), and the
extensions that are supported input and output as illustrated in Figure 4. The block diagram of the development
board is also given in Figure 5. The processing equipment and a controlling device utilize the Arduino Pro micro
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microcontroller that has to be programmed differently. For the transmitter board, the information signal
generated from the microcontroller is fed to a transmitting circuit that is connected to the LED light source device.
The information is transmitted via the illumination of the emitted light by the LED driver circuit on the
development board.

At the receiver, the signal is retrieved by using a photo diode with an amplifier and then passes through the
microcontroller, which is programmed to decode the transmitted sequences. The operation of the control system
for this wireless optical communication can be done by microcontroller software programming through a
computer via an interface board.

To control the microcontroller Arduino Pro micro (mini Leonardo), the Arduino IDE program is used. This
Arduino IDE program is an open source that is developed for programming and uploads the program sketch to the
microcontroller device. The Arduino IDE can be downloaded at https://www.arduino.cc/en/Main /Software. The
microcontroller programs are developed by the two major parts, namely the main program and the function
library. Generally, the main program is used to control the development board, including commands to control
variables, registers and ports, and command sequence control functions to control the program procedure.
Moreover, the program that controls the basic level, which is called the function library, VLC_CP1223_QSC.h, is
written separately from the main program and will be run when needed. This function library is written to declare
addressing, the list of critical functions, constants and variables of the transmitter and the receiver.
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Examples of implementation by using VLC Development Kits are shown in Figure 6 to Figure 9. Figure 6
demonstrates three different visible light data from three street light models. The photo diode receiver is installed
on the car model when the signal from the street light model above the car, the VLC signal is demodulated and
decoded. After moving the car to the other street light, the different information from the next transmitter is then
obtained. Therefore, this can be used to broadcast information by using street light. Figure 7 demonstrates the
vehicle gate control application. The VLC system is installed on the car model that can transmit the gate-open code
from the car front light. When the car is closed to the gate, the receiver will receive the gate-open code from the
front light. If the gate-open code is correct, then the gate will be opened. Moreover, the smart museum
application is displayed in Figure 8. The VLC system is installed in the flood light to broadcast the object’s identity.
When the VLC receiver receives the data from the floodlight, the receiver will demodulated and decoded to get
the information and command the audio player module to play the audio file on the memory card. This can be
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used in the smart museum that each flood light can represent the object’s identities and the visitor who want to
get the information of the displayed object only need to take the receiver be shined under the object’s flood light.
Finally, the signal of both transmitter and receiver of the VLC development kits is measured and shown in Figure 9.

6. Conclusions

As we rapidly run out of radio spectrum, VLC could be an alternative technology to support the Internet of
Things age. Applications on VLC can be classified into four groups based on indoor/outdoor with low/high bitrate.
For indoor, the VLC could use the existing infrastructure of the lighting system to transmit visible light beacon or
data frame along with illumination. For outdoor, VLC can be used in the intelligent transportation systems by
providing communication between car to car and car to road infrastructure. Currently, Thai VLC consortium,
namely LED-SmartCon, has been established by ECTI Association to accelerate both VLC fundamental research and
technology implementation in Thailand. The LED-SmartCon aims to promote the LED for communications,
industrial applications, and health, among researchers, students, and industrial partners. Furthermore, the VLC
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development kit has been developed by SARGMET researchers, which could be used to expedite the production
time to market for industrial partners. The guideline of development platform both hardware and software for
CP1223 standard has been introduced to accelerate the development of VLC technology in Thailand.
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Abstract:

The guideline of development platform both hardware and
software for CP1223 standard has been introduced to
accelerate the development of visible light communication
(VLC) technology in Thailand. This development kit was
developed by SARGMET researchers, which could be used
to expedite the production time to market for industrial
partners. The hardware is developed from the Arduino Pro
micro (mini Leonardo) microcontroller, which is used to
control a driver and a receiver circuit of the LED light
source and the photo diode. The development kit also
provides the microcontroller software scripts to create and
control the 1-4PPM modulation and serial data formatting
according to the CP1223 standard defined. This can reduce
the time to develop the VLC products with the ease of use
and low complexity.

1. Introduction

A visible light communication (VLC) technology can
utilize the solid state lights, i.e., LED lights to transmit data
via light intensity together with illumination. The LED
lamps could be installed on the ceiling for illumination
covered all places in a building, including room and
corridor, or installed in an illuminated advertising board or
an emergency exit sign. Information can be retrieved from
the LED light based on light intensity. Recently, there are
several standards related to VLC. The CP1223 standard [1]
was proposed by the VLC consortium, Japan, which
prescribes the unidirectional communication system with
visible light as the medium for multimedia applications. In
addition, the institute of electrical and electronics engineers
(IEEE) defines an IEEE 802.15.7 standard [2] for short-
range optical wireless communication using visible light.
This standard defines only two layers, physical layer (PHY)
and medium access control layer (MAC) in the OSI 7-layers
model.

To accelerate the VLC technology development, the
guideline of development platform both hardware and
software are needed. Therefore, the VLC development kit
that in compliance with CP1223 standard has been
developed in order to accelerate the production time to
market for industrial partners. This paper focuses only on
the VLC development kit based on the CP1223 standard.

2. CP1223 Standard

The CP1223 standard is introduced for a visible light
beacon system for multimedia applications. Generally, it
describes a unidirectional communication system with
visible light as a medium. The communication model for
this standard is simple, consisting of two types of devices,
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Figure 1. I-4PPM signal waveform.

which are visible light transmitter and visible light receiver.
The light transmitter can transmit information either
arbitrary data or an ID code in a beacon frame form through
a lower communication layer, while the light receiver
receives information beacon directly from the transmitter
and then decodes to retrieve the information. The lower
communication layer in the CP1223 standard composes of
two layers, which are a physical layer and a frame layer.
However, data or ID code are in the higher communication
layer that is not included in the CP1223 standard.

2.1 Physical layer

An optical wavelength of this system is around 380 — 780
nm with data rate of 4.8 kbps and its tolerance of data rate
shall be no more than 0.5%. The transmission system for
modulation of visible light is Inverted - 4 Pulse Position
Modulation (I1-4PPM) as shown in Figure 1. In the Figure 1,
the voltage signal in ‘LED on’ stage is V},, while the voltage
signal in ‘LED off” stage is V,.

2.2 Frame layer

In frame layer or data link layer, the frame consists of start
of the frame (SOF), payload, and end of frame (EOF). The
SOF composes of the preamble (PRE) and the frame-type
(F-TYPE), where the payload contains ID information
and/or data. The EOF is the cyclic redundancy check
(CRC-16). The 20 octets frame structure of CP1223 is
shown in Figure 2. The 6-bits preamble is divided into 3 of
‘1’ and 9 of ‘0’ pulses to create optical pulses as shown in
Figure 3. This preamble is different from all 1-4PPM code;
therefore, it can be used to classified the start of frame from
the received sequences.

After a preamble sequence, the type or the purpose of
the data payload usage is shown with 8 bits length. For
experimental purpose, the frame type is set to ‘00h’. In the
payload segment, ID code or data can be transmitted up to
128 bits. Both ID code and data can be transmitted all
together in the payload segment or they can be transmitted
individually. If both ID code and data are transmitted
together, the total length of the payload is still strictly 128 bits.
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At the end of frame, 16-bits error checking sequence is
calculated from the frame type and payload data using
CRC-16 generator polynomial (x* + x*° + x* + 1).

The CP1223 frame length is 158 bits, which are encoded
using 1-4PPM as illustrated in Figure 1. Between two
consequences transmitting frames, the transmitter should
send something to avoid flicker. There are two methods to
transmit the signals between frames that are transmitting all
128-bit data with ‘0’ or adjusting the signal voltage to the
specific voltage level (Vy’ =V, + (3 V,/4) V).

3. CP1223 Development Kits

An optical wireless communications development Kit

consists of two parts, namely the hardware and the software.

In the hardware design, the ease of use and cost of building
or development work has been taken into account. The ease
of use has made the selection of Arduino microcontroller,
in order to start the development of optical communication
products quickly and easily.

The selected Arduino microcontroller model to use in
this design is Arduino Pro micro (mini Leonardo), which is
popular among developers and it is small and affordable.
This Arduino Pro micro is used to control the operation of
electronic hardware. In the software or programming part,
the structure of the program is made clear and easy to edit.
Moreover, we are also preparing all source codes so as to
demonstrate a large number of applications.

3.1 Specifications

Optical wireless communications devices have been
developed in accordance with the CP1223 standard to
control the LED emitting visible light along with signal
transmission. At the receiver, the received light is converted
back to an electrical signal using a photo diode. The
hardware features of the development kits are shown below.

- Arduino Pro micro (mini Leonardo) 2 boards

- Interface boards 2 boards

- 16 MHz clock frequency

- Input voltage 5 V (if the RAW pin, can be 6 - 20 V)

- current output = 50 mA

- 2 xPWM output port, 4 x analog and 3 x digital

input ports, 1 x 1C and 1 x SPI port
- Software Arduino bootloader

- LED High Brightness 1W, I =350 mA, Vf= 3.4V,
Luminous Intensity = 100 Im

- Silicon PIN Photodiode SFH213, Vg =5V,
Responsivity = 0.65 A/W, Wavelength range 400 -
1100 nm, t, = t; = 5 ns, sensitivity area = 1 mm>.

3.2 System Overview

The wireless optical development kits consist of a wireless
transmitter and receiver kits as shown in Figure 4. Both
devices have the same hardware that can be configured to
be a transmitter or a receiver module. The processing
equipment and a controlling device use the Arduino Pro
micro microcontroller that has to be programmed
differently. For the transmitter board, the information signal,
which is generated from the microcontroller, is fed to
transmitting circuit that is connected to the LED light
source device. The information is transmitted via the
illumination of the emitted light.

At the receiver, the signal is retrieved by using a photo
diode with an amplifier and then passes through the
microcontroller, which is programmed to decode the
transmitted sequences. The operation of the control system
for this wireless optical communication can be done by
microcontroller software programming through a computer
via an interface board.

Programming
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l Arduino Pro Micro l Arduino Pro Micro }
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Figure 4. System overview

3.3 Details of the development board

A development board equipped with a main board, a
microcontroller Arduino Pro micro (mini Leonardo), and
the extensions that are supported input and output as shown
in Figure 5. The block diagram of the development board is
also shown in Figure 6.

For transmitting light signal, the signal from a
microcontroller is sent to control the illumination of the
LED lamp via the LED driver circuit on the development
board. On the other hand, the reception of visible light
signal is passed to the microcontroller on the development
board via the photo diode and the light receiver circuit.
After the signal is received, the microcontroller will
calculate and retrieve the transmitted signal back.
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3.4 Details of the Microcontroller Programming e
Example Transmit VLC-CP1223 DATR

To control the microcontroller Arduino Pro micro (mini
Leonardo), the Arduino IDE program is used. This Arduino
IDE program is an open source that is developed for
programming and uploads the program sketch to the
microcontroller device. The Arduino IDE can be downloaded
at https://www.arduino.cc/en/Main/Software.

The microcontroller programs are developed by the two
major parts, namely the main program and the function
library. Generally, the main program is used to control the
development board, including commands to control
variables, registers and ports, and command sequence
control functions to control the program procedure.
Moreover, the program that controls the basic level, which
is called the function library, VLC_CP1223_QSC.h, is
written separately from the main program and will be run
when needed. This function library is written to declare
addressing, the list of critical functions, constants and
variables of the transmitter and the receiver.

3.5 Usage Examples

Examples of the microcontroller programs on both the
transmitter and the receiver side are written in order to send
and receive data over the visible light according to the
CP1223 standard. The examples of programs are developed
to show, in details, the separate development of the
transmitting and receiving program scripts that are listed in
the Figure 7 and Figure 8 respectively.

Credit:
This work used the VLC-CPl223 driver-cede VLC CP1223 _QsSC.h
"VLC-CP1223 QUICK STARTER CODE"™, Kata Jaruwongrungsag, CC-BY
Which is licensed under a Creative Commons Attribution 4.0
Internaticonal License.
To view a copy of this license, visit
http://creativecommons.org/licenses/by/4.0/
b

$#include"VLC CP1223_QSC.h"
void setup ()
startVLC_OUT(5);

//add this file & include it first

//SET VLC_cut PIN (default = 5)
//PWM PIN IS NEEDED (3,5,6,9,10 for Leconardc)
char data[] ={ichar)Oxlk, (char)Oxlb, (char)0xlb, (char) 0xlb,
{char) 0xlb, (char) 0xlb, (char)0xlb, (char)lxlb,
(char) O0xlb, (char) Oxlb, (char)0xlb, (char)0xlb,
(char) 0xlb, (char) Oxlb, (char)0Oxlb, (char)0xlb};
setupMessage( (char) 0, data); //SET MESSAGE TCQ SEND
ff———»> FUNCTION: setupMessage (FTYPE(l byte), DATA (max 16 byte))
}
veid leep()
{
/{--=»> TRENSMIT DRTA - FUNCTION:
transmithALL({) ;

transmitALL();

}

Figure 7. Transmitting program scripts

4. Experimental Results

The transmitting and receiving signals of the development
modules that are configured to be the transmitter and
receiver are shown in Figure 9. The transmitted signal is in
the upper trace and the received signal is in the lower trace
of the oscilloscope. The details of the transmitted signal are
shown in Figure 10, which are in the 1-4PPM format with
6-bits PRE, FTYPE = 00h (00h = 0000 0000b and I-4PPM
= 1000 1000 1000 1000), Data = 1B1B1B1B1B1B1B1Bh
(1Bh = 0001 1011b and I-4PPM = 1000 0100 0010 0001)
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Example 2 Show Received VLC DATA(CPl223) on Serial Pert
Show Received VLC DATA on Serial Port
Credit:
This work used the VLC-CPl223 driver-cede VLC_CP1223_QSC.h
"VLC-CP1223 QUICK STARTER CODE", Rata Jaruwongrungsee, CC-BY
Which is licensed under a Creative Commons Attributicn 4.0
International License.
To view a copy of this license, wvisit
http://creativecommons.org/licenses/by/4.0/
b
$#include"VLC CP1223_gQsC.h" //Add this file & include it first
void setup()
{
startVLC_IN(7); /{SET VLC IN PIN (default 7);
Serial.begin (9600} ;
}
void lecpl()
{
//Main Function is "VILCread()"
//which return l{integer) when data is correct
//and return 0 (integer) when no data detected
//IF DATA IS DETECTED PAYLOAD IN[0-17] (byte) will be updated
,","E’AYLOAD_IN [0] = FTYPFE, ID
//PRYLORD_IN[1-17] = MESSAGE
if (VLCread ()==1) //<<----- VLC Signal Detecting
{
printMESSAGE _IN(});
}

//Print Message (ID+Message);

}

Figure 8. Receiving program scripts

Transmitted signal
Received signal

VLC Transmitter

VLC Receiver

Figure 9. Experiment in the transmitting and receiving

and 16-bits CRC. From the measurement, the optical clock
pulse is exactly 104 ps, which can perform 4.8 kbps data
transmission with less than 0.5% tolerance of data rate. In
addition, the transmitted frame period of 158-bits length is
32.864 ms. In the receiver side, the received signal is
obtained from the silicon PIN photodiode SFH213 and
passed through the amplifier to the microcontroller and then
the information is recovered.

5. Conclusion

The VLC wireless optical communications development kit
compliant to the CP1223 standard composes of hardware
and software. The hardware is developed from the Arduino
Pro micro (mini Leonardo) microcontroller, which is small,
inexpensive, widely used, and easy to get started. The
microcontroller is used to control the driver and receiver
circuit of the LED light source and the photo diode.

On the other hand, the software scripts are programmed
into the microcontroller to create and control the I-4PPM
modulation and the serial data formatting according to the
CP1223 standards defined. The development kit will be
able to reduce the time to develop the VLC products with
the ease of use and low complexity.

Stoppdlt 2016704710 21:24:33
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Figure 10. The transmitted signal waveform
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Abstract

Bringing visible light communication in conjunction with the existing communication
methods is one of the guideline methods that the research group present. This conjunction
method can be an alternative communication technique to gain better performance for the
industrial sector. In addition, to reduce development time for innovative applications with
visible light communication, the research group has developed visible light communication
development kits to promote visible light communication to more widespread. From the
above guideline, the researchers applied a MODBUS communication protocol via visible light
for adding flexibility in communication between devices or machines. The visible light
communication can reduce the transmission errors in environments with high
electromagnetic interference. Using the development kit as the protocol converter, the
researchers can control electric fans via command on HMI controlled screen of the PLC
devices.
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