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XA Tt

7. ARAASEUU uaY
ynseaaunsLy
IUVINLA

\4

8. daduuMivInTg
Geaaunalulad VLC

v

9, YRAUULTY
Ufjuinislunu
uniduuasgaula
NANAIBLN

10. AMAUNANIS
YUY DITEUU
- '3
eseuazunly
YoRANAINNNNT
VHADUNII LY 1
LAMINIIVeADY
TmiluGeny

w ¥ v -
aunsenalemaiui
Umela

11. Uszudiuma
TPsan1s uazdevi
s ulasanisatiu
auysal




8. {hdviidadaniside (qUnsnin1side Tassadadugau 2av) szylawaziladud
Foanisiiain
aduiiBeromside
g
gunsaididnvselindduuatuuy Ultra Bright LED
gunsaididansetindsuuasinlalalan (Photodiode)
lulaspoulnsaaas

wissnaniameidmiunauilusunsuuulylasroulnsaiaes
poataladlay (Oscilloscope)

wardedland (Function Genérator)

EUAS LAY

9) mﬁaﬁm%“uquumﬁﬁma

10) gunsmddnmsating

119U n‘s:ﬂﬁwﬁ’mm%gwuaxm?mﬁmu

12) gaswnasisudu

)
)
)
4) gunsaiddansetndlulasnaulnsawes
)
)
)
)



unil 2
A i v
N B WUFIUN Y

2.1 umi
sruunisdeansiianevildesrunsuae Aensdearsineldeduaiminduing 4
amnsodenuAsRauw el egndlsinunsdeansmemnudaauing g ded inly
Sowatuuuains FalainmsAnwnsdearstituuasiveiuld lnenisdearsutuuasi
wowiuld fafidedrfnGesszeennddunsdeans
ﬁ’dﬁ"ulumu‘ia”ﬂﬁﬁm"'lmsﬁnmmiﬁwis'uumuﬁfyfmmms%mss&wuLLaaﬁmaaLﬁulﬁ
Fu Wauszarnslum sdeansuaswandssigwinisdearsluduniwiidaiavane

2.2 mqu{]wuﬁ'm'uaa‘suuum'sﬂamsmuummmauwu'ln

mydearstnuiasinasaiuls (Visible Light Communication; VLC) fia n15d0ans
Toualnslfuainuoudiuls Tnsiimnugnindusening 375-780 uilumias sadugaedtll
Wudunngmaanen)

mﬂTuTaEii'fﬁazlﬁwaaﬂﬂqaaﬁamum' (Fluorescent) {uddsdyulasiinannialu
Ms3udsdonad 10 kbps uisviaenueadi M 1E lunsddyy ygadis 500 Mbps waz
T9inlelnloav3odmatuees lunsSudinannuuaite

waluladl VLG SimainlUuszgnildnuiive nvade wesapanursmiblusdady
qunsaivl i udsldrmneg Wu waoalwewsue 717 Ay ininasas thglswun Tivih
soviesn samaivilimeluled VLC annsahluldnuldvngi

dAvusulU Y VLC waniniptnsnauiunosladlduninasateadaidiguiu
unasiliauasiazdavaya

< = v a
JUM 2.1 msdeansiiaetauas [13)



2.3 upadf (Light Emitting Diode; LED)

Ialontduas 3o uaadi (Licht Emitting Diode; LED) A lalaavianansowdeuas
ponuld waswiaseanuiusenaudigriuanudifeanasmasaillioatu fwnaiuuas
sssumiimeuLeuiu lnsvasausadaansadwadlddlodnonseudliieadnoswindu
warUseand mwlunishiuasainsfididnimasalwownadnialy weaddiidnwausmilou
Taloaviaqluiiusznaussan siedianiedie P wae N Usenufu ffadhamisdeudutiuadne
nsvan dainishiluueansaulalenasyilyiBidnaseuriansisianimie N indinugaiuau
annsedsimsessonuiuisa (Hole) lu P Aelyfifawdssuluguves seqinmeu (Photon)
Feazuanuatennut msthueadaluusegndldaudusnlslunmeuanisa (LED Display)
weadilnevialuilaeswiinlugq fe usadavtindiaiauuaiuld furiiafinnauuedliiviu fos
ldnsudawasundudisunduny

AL MamIeses e awaluladiwiineuanimad (Semiconductor) ¥inlw
winluladvasuasdanmmihegnsangmnluae ainmsihuead munldussloniunivais
wndu wu Tuedesdaer deyaamasnas Inigsesus Yaedygimaasg Inete Il
dyanavalszaens enmeuninnalvg Bilunindu mihdsuestnvasnsdwiilotiodn
wldiuhaly Feumuessliuasainamsueasn

woadAtuugUnsaliellaaudninasuuuvilsisaulinssualwin varinuuazavuaes
wasain deantn ANAsAaLandnltliSastvdusegnle Ineninemansladanmaun
fausi®) 2450 1 wiineusnwesar wdiateanudlonsualyivitlvariy athsls fnuuasdi
Waseenuaildiuteang Suihbimeluladillilesueuaulamstwellatueadd w1
THUsslesidom dvslaes uruiudiouns Nick Holonyak ThITeuvisuiem GE Useay
wad$9ulel 2505 Tun sussvueasaansadasdunsiiinnuaisosnuniies
wanazthun 4 selonila v v landuiinisiudaitouas wann luduiiosnaad s aghals
Ao weaphilae1nm FITakastnlursiudsdwasdinatiosun Fdlilanansoihlule
UsslonilujdIuasainsuseensla dlwgiir bl @i ugsdy g aunadsn ¢ lugunsailv
Wusuin Maamuaa?)ﬁ‘ummL?mwhﬁ'aLﬁwqﬂlﬁﬁmﬁ"ﬂuqﬂnsniiit.%ﬂwiaﬁﬂéuﬁa'iﬁﬁrgfm:u'h
iwiasdnlaviela Wuuasnnueadavzdudsieglileddudna Saides valunisthan
Tuasaisununasa W dwsvyaradifniaiseuiletymil #o we Shuji Nakamura
W’SU3HY Nichia Chemical vasditjirlussaunadisalunsussivg uoadamhduiiinm
airaih niulihueadadiduluindoussarsindouiioiuasdmdns asviliuasann
wosdAoonunaedudun aunsoluldluguiuasaing lnsldsunwanaueadidun
tiudaue® 2536 Wi agtuaneudinwheinaiveeluladieineudnines
vinlmaluladvasueadananihedesiadmuluaie laiinnsihueadaunlduselovd
unswanerntudenq wu lundssfaey dygnesnes niesesud Yredyarmusieg In
21e IWlWdy g uvessenans aanmeunsuuialng Svluniti wiveueaddves
nsdwvidleforisldmuihlufeuimusssifuaaindioueadd fothivemasnuaads
laun naonueadAvtin Super Bright nasaueadasln Spotlisht uazvasALeadAYEA Ultra
Bright ﬁ'fqgﬂ‘?i 22 23 uag 2.4 aud1nu
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sUM 2.3 Maonueadnwin Spotlight (18]

gﬂﬁl 2.4 vaanuoadAYLm Ultra Bright [19]

2.4 Wldlalan (Photodiode)

Ililalen (Photodiode) ugunsaiBuasiianiliiiannsouasnnuivisnny
gndutandunssualniivioussiulwild Jusgiulnuavesnisvirnumesnaty wad
uateWing (Solar Cell) gnldlumsindinlnifihanwdssuuatanfing Uszneumeansiedanh
viia P uazansisdinhelin N sessaazgnvieviuseagiiuassinuls wu nszanla
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Wldlalen ilag 2 WUUAD LUUUABUAUDI BUATILTINBIVIU 2 UUUADUAUDIA LAY
Tugudunsaa (R Photodiode) faagsvasinldlnlonviingina uanwdagui 2.5

su-2.5 WldlalenlusUuuusineg [20]

2.5 lulasaaulusaaas (Microcontroller)

lulasmaulvsaiaas Aegunsaimiuauvuaaidn melululasaaulnsaweiay
Usznaumsdnuyseraunandidnas seuupenmmasdilineiu laun gy mireaiud
uaenpin Fiommgaussgs il imolaid ety

gz Ansanumizen Sy suasiitea A dmssyld Tasdowinasdn s sumis
YaaeAI NI W umBdy TSNt Ualeninsa (address bus) kéwiinns s1udieya
dreannamiiasAus W sknsIABUDALDAIA A4 AU NS Ysssnana Tasdl
wiheanieyausuiiuiwnvestayaaglussninimsussinona degalumsusvanana
azduium edyg unGoniwatena (databus) uhdwnoluds qunsalimgusnkumiaw)
WOTHDUNGD AN

dmsunideilldldlylnseoulnsaweslun1smunin13v Y81 V2 1954
Toyarnuuainmemiuly wazesutieyaiuuacinueaiuls laaldussa Arduino ju
Uno #disneavidemiferiululasneulnsawednsynon dieluil

2.5.1 Arduino Uno Revision 3

uesa Arduino Wuuasalulaseeulnsasnszga AVR AfinsWwauILuy Open
Source Ao unmﬁmuavanammumsmmuauﬁamm Tﬂaqnaammu m'l,ﬁ'l.-mulmw
g amng mmuwﬁmuﬁnm muﬁl‘umummmmﬂmuﬂaa Wiy W aseaviad
UDsA n3lUsuNsuRDlADNALY

wanaiidenldussalulasroulvsivesuiing osanil S Analog Input 6 %
Digital Input 14 %89 910 Digital Input @aru1saldiludes Interrupt 1 2 989 Flash
memory 32 kB anunsadeusafiunauiawasiiu USB Talasnss Shield alvajaanuuy
ywieldiuuasa Arduino Uno i vasaannsesessulnihmevenlédaus 6-20 Taad usiii
wnzandmsumsldanude 7-12 Taadl vililieudiangulunsldanugs



Iwedr 5K dwdu UsH Atertace = = £ ¥
g ] - y incis
‘e £ = : -
1= b s <

gﬂﬁ 2.6 U93A Arduino Uno Revision 3.[22]

- waneiav 1. 0SB Port I8 wmsumeunaiunssmiawes toswivanlusunsudn
lulasraulnsiaes uaztoelvtduueie

- wneiay 2 [4dladasnsTvlulasreulvans Sum vyl

- vinenan 3 1CSP Port 984 AtmegaléU2 Wunasnildlusunss Visual Com port uu
AtmegaloU2

- vaeaY 4 SUAgRIMATYA Rausin1 DO D13 UaNRAT V24 Pin A€Vt iiBu

- MUEEaY 5 Atmega328 Wumasnitldlusunsu Boot loader

“wmnetené lulrsermilvsians Atmesa32s iulilasasulngiand AlYuuUash Arduino
- M8 7 U aWIEeN RINATY AO-AS

_yunoiae 8 lwids wewasaulodainissaalnlafiuasesaeusn Usznotudagurlwides
+3.3V, +5V, GND, Vin

- MUY 9 ﬁaaﬁw%’u%’ulﬂmnﬁmuﬂwTﬂaﬁnmé’uag‘jizij 712V

- manewaw 10 lulasaaulvsiaos uee Atmega16u2 iululasaaulnsiaesivinming u
\Wousianauiiwas fiu Atmegal6U2

A1519% 2.1 AuanRlulpsAoulnsatass Ardaino Une Revision 3

AANURA Arduino Uno Revision 3
Microcontroller ATmega328
Operating Voltage 5V
Input Voltage (recommended) 7-12Vv
Input Voltage (limits) 6-20V
Digital I/O Pins 14 (of which 6 provide PWM output)

12
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- wal L3 . . . !
A15799 2.1 AuaudAlulaspaulnsaaas Arduino Uno Revision 3 (#19)

AMAUUR Arduino Uno Revision 3
Analog Input Pins 6
DC Current per /O Pin 40 mA
DC Current for 3.3V Pin 50 mA
Flash Memory 32 KB (ATmega328) of which 0.5 KB
used by boot loader

SRAM 2 KB (ATmega328)

EEPROM 1. KB (ATmega328)
Clock"Speed 16°\Hz

2.6 NISHANTYNYIULTIUES

o swandy gy iudmiumisdeansitauatiuse aniluasanguvan loun madans
naudy LU UnTulReRse (Direct Detection) uavinaliansHandyQIMwUUTMY
(Coherent Detection) ©$n1305798u 10 um 58 Hunisasd g L UlvaLULA (Baseband
Transmissions) Aiaciuedu “17 uag “0” dvsunmasiniuas (Optical Source) wiwas
evimsatudwarroimsnseniulawas Wa kaz Ua auidy dumedanisnsiadu
wwuhntiediumeien suasdyanaimsieutuosiaarsiiiauieauing Ssdtyg uiian
nsEMuTid i (Front End)dunissauiuvesdyaaiwnefudya afididiaain Local
Oscillator Wnan13nseyinasnsaadukvusnte aslanula (Sensitivity) Tumsn 5293u
dyaaiiginiuuunmsesniulnonse

2.6.1 nsuandygrududdasldnisasiaduwuulesnse (Direct Detection)

Wunatesszuunsiea siuuniamnssdulaensiuandlanagun 2.7 gt siesi
msa’!wxgnwaur'fUﬂé"uw1ﬁmma~u7'iehuwaw‘&‘waué’mmwmuazdalﬂe’famﬂ%'u Pntuszuy
YaauAuaTAIn T Fudyg utasRsyiinsn 798U S wdaual (instantaneous Power)
fundamesulasnse

mswandyy auuumsn 5293UTaensedyaluin3 (Binary) sregludnuue Ua

way Un vesdyqrufiniads Tﬁwanﬁamwmmﬂohq'umzmmuvaaﬂﬁuﬁtymwm lagguuuy
pauv LU I seduTnenssamdun swasndeygiamuu Pulse Code Modulation (PCM)
Adhsauuy NRZ (Non Return to Zero) #3auuu RZ (Return to Zero) dwiunisdeans
Bawaohalulduuy Bi Phase (Manchester) SenmanAvesgunduiiosiusznaudaygy i DC
@1 i1 Symbol/Bit Synchronization ludates ueATaGend1 Self-Clocking Code waa il
Joduelinmsvenesvesuuudind SelilaFuanudonlumsdoansideimseusage
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AL INA .
HIHA Y N0

e
T \ anunun
3 -
Yaia 6;‘\/" (Back etound noise)
A
T W30 3 U
a0 Udam) e
. ESEFRLLH] i
Vaia

ARAIBLUNIYIIN

qﬂmn'll (Shot noise)

JUN2.7 juuuumsnandygradialaslinrsnsisdunuulnenss [20]

27 ﬁszmmmsuaqmi’u (Modulation)

2.7.1 sau-2aMAgd + (On-Off Keying, OOK)

opu-soNAGEY Aia nslinsnanmnlatamsdsdyg aiiunniraiulunsunud aua
Tdwdnmsieiunasassiaue fa (Morse Code) nstiinsnsussuvAaan wind sasdayanou
LUUaaL-eaW GRS ildnunilumsdedyindeya Weuanstoyad s “0” wio “1”
Aaaun1sn-(2.1)

()= { 0, \if 0is transmitted
WA s, if 1is transmitted

die 5(t) LﬂugﬂLmu'umazufy'\m-mgn'l,mwauaﬂmwaua Via “1” Niin1sde Yaya

mawamu AT a].,wm'xanwm.,-uaqazyr:ynmagaqummwla’fﬁmmuﬁﬁnwmz
Faaunsa (2.2)

(& = { n(e), if 0is transmitted
FRs= s(t) +n(t), if 1is transmitted (2.2)

Toe n(t) wansfenavosdygrusumuiiiatul utesdygy o

-

JULUUrRIAY TRy aRRYI awaaaanlﬂ waTANYULYDIFY Y UDDU- DoNAgD

wasuuasluaudnwusdoyaddviaidieenun wansldmiguil 2.8 uas 2.9 awddy
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si(t)
Light oft
unu o”
0 Ty
Solt)
Light On
A
(TRRRE I B
0 T

sUi 2.8~ JULuUMddiygy uLUUoBU-BRNAED! [20]

AW IUAIRD O >t

AR L
T

A OOK

o

ol O ol Co
JUN 2.9 anwuvvesdyg uoau-aanABes [20]

2.8 Wuguvasmsieaskasuasiinuoaiuld

A maINe (lumination) ANuaivesinlaqmneiemisaininnuuiuinse
ilsneiuil i suninfegvinsnvaen lniiifdsdesading 1 unawan Wusveznia 1
wns AMIuduraIMsdasaineasiian 18nd (LUX) lnsnnuduvainsdasainaswlanndy
AUSEHEN1BNAEIEDY

E=— (2.3)
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o E A Auaine (LUX, Foot Candle) 1 FC = 10.76 LUX

| Ae Mdsdasaing (wpawan, cd) Wy 1=—f
a()d
0 Ao Mawsimasaly (Watt)
d fio Wunuewu (m)
R Ao szeevinsannvaenineinineisun (m)

s sisuasinwouiuld (Visible Light Communications: VLC) iunildluguuuums
doansl¥ans (Wireless Communication) M 13m1As§ Y IEEE 802.15.7 fildFum swaunlef
anns03u detenadinealdaieluliidviiiu InserldvasniZauas (Fluorescent Lamp)
w3evasausadn (Light Emitting Diode: LED)wlugunsaidsdyyiu wazldinlnlalon
(Photodiode) 30 Wwutgassunw (image sensor) iugunasalfudtygy udundyay i
suvasnduiiudeyaliiudly amsunsiemsdauasinuesiildiuanunsoussgndld
nulavarnuae uendnghiiasdssadnudmdawsodiiudenals unuvasalngy
wuudnilfiRsuasaiwvini fadu faualasamsifedeadaiiszadszuuduuulums
wisumtiivas inguimsinenidlusas Ingldmsfoansmauasauaaviuld Weasanniiu
mslVLC ssmlisruumsmaunisin samuiniadd maymeluetprsinisiace
vaaali3atias vSavaonuoadnegustnes
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undi 3
TAS9E319UDITEUULAZNNTOD LU

3.1 unun
Tuun 220 un 1508184 INIINAITYINIUVDITEUY  SIUALLDUALA AT AIUY DY
Taseas1eluszuu wasdsn1599nuuUNSYINIUYBISEUY

3.2 1A%9d51998952UU

mAteilldihdesrdnlunsdeasiunasiiveadiuldunwann Weandedriniasdsd
Ao soevnslumsaoan svasmaluled Ve Tnnmuadaildviniomiudyg ey
nsdeansils sxnailnasnndsiu uavaadedinlumssamstiaunasluiumsdemsidu
unse (Line of Sight) IassasimesszuuUsenouludie nSessunardidyyin
(Transceiver) Wazin3omudyann Insin3asfunaradidyn s usznaulume meaduas
masudya i leameddgginizdssnoulume gunTainaununssudmasulaioya
(Microcontroller) La¥wapaLaasn tayadin o 1n1sd 1A oufiaw o3 1 gnartua1s USB
winimaudasteyaiutuutd Liadspent uvasateade InaunI s udyy el
UsznaumeInlalalon guasainiuaunsiuduasuiaata uaznaanuLeadn wvinnsiu
Yoy avid10and InkeaBRNA RE ARy Y INYDIA ST UL ATy IUATUN I N1 TN
lalen uasgunsimuaumsSuduasudaioyn ssihmsdslivasaueadnvinnisdstoyad
Suiuneenly mnﬁum%‘aﬁuﬁmmm%%’uﬁaz&amuma'[vﬂvﬂmiam wazQUNIAIAIVANNTT
udwaruvasiioya v mstlasdeyaiodindulviu eeui i wesif euansral gl dau
NUNTATs USB

LED § e 1 LED2 Photodade 2

¢ Q oy @ O S L=
! l 1 S
! T. - l

Graphical User b
Por i I i =

LED3  Photodiode 4 Lens 4

. p——

-l v
JUM 3.1 lAseainvesseuy

1490795
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TRANSCEVIER
Alr Interface
I TRANSCEVIER

. Data
=y =

JUM 3.2 RsEUINM SNl s

gt 3.2 uamaudenlaezinsun miueszuulasEungldnudendeyavie
fAuvidoyadifosnsdsiTUsun sufunas 1andudoy aggndsdnu Serial Port TUds
Lulnsmeulvsatans dyanuaswasuandeya) udoyatadudyy i ividudyayn
uas lnglulasapulvsawaiasilufanauaulunseandygiusenivdyyruuaiuay
Fynudeia MmuismIuenauiuy sau-sanAgs: AuswaluLS wiarihumaenuoada
U ety runisermedisamaudoa o ARV REPATE [TRTRG NP RRURIRTEE
lulnsrpulnsamesuesiamudygiaii alseatanauayyii MaddlimaosuoadAnnduay
FiiiL A U i adsdya ukaslU dideady gramse imasons mils lulaseaulnsaeesi
Uanevnasumanninldlalen uusainena Saudsuandoiqsiandudyy uteyauayes
dedioyatinou Serial Port siiuglda u AU sunsuvm ey sas uan seadoyedi i uuds
RlEuasauduinla

3.3 yagunsaidedeyanituuasinuoada
3.3.1 gunsaily

- AU 100 Teviy $1u 3 By
- Aaunnu 1 Alaloviy $1unu 1 By
- AR IUNIU 10 Alaleviy $u 1 3y
- lo% ULN2803 $u 1 3y
- vaendanIlusYiLeada U 1 vaen

- UAsuLaY U 1 Ju
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ULN2803
S AW B -
R
=
gg _D" Lu__‘ ZS’} LED1
F g r—
> T gg
g r— "’
la .

— 5v

d L] Y U o el
FUN 3.3 29301AFIYDYANI ULENT I ALOADA

3.3.2 N1598NUUVNTIAAT IO YAHNULENINVAIALDADA

ngUil 313 uanshrsdsdstayariuuateadaleegled UIN2803 viantinidy
dunesmeslasnasunumslivsutasadiladunaonusnd i ledesSuduarudeyatauiu
Fyanarlwwathiian 1 uasdins pull Up mefaduniu Ml uauYsvasnkaadRsadn
i 18 Faduremwiny (Output) duns o Innszuanss 5 Taad uay dyyuvayalasy
91nUa3a Arduino Uno Revision 3 Tnensasmedadilaviniseentuiudnsldnssuil 3.4

b
Lo
Ja g
i
e
.‘.
.
.
.
.
.

d 1 & | =l el L3 1
UM 3.4 2wasmadideyarnuuainvasaueadivuueialivan
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| h Partt ULN2803

i

|

zg"} LED1

10k0
MWV

Ardung

)
(Rev3)
cse

L]
AN

3an

TETTTETTTIT

1k

iihibihinibibj

\

P Yy YYYYYYY

d ! v ! el ) ket as L3 .
sUn 3.5 NWITNATVBUHHTULLEAINN nueasas s fuupialulasreulnsaaas

u

maviaasudnslw uardeutayadigieasdiayanuiasannvasnioadi uuueinly
Uan wamsngun 3.6

al Y | W ' oo . |
JUN 3.6 mvagevldnuininadadayaniuuaiinuasnieada uuueialiual
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3.4 yagunsnifutayaainua

~
1*a
M

— Output Signal

047mF

SUM 3.7 snafulayauaidinvasn LED

3.4.1 gunsinly

- fufuliyy 0.47 dadvase $1nn 1 Bu
- feunIul dlalevy $0u 2 Ty
- Be7unTu 3.3 Alaloviy $y 1 3y
~1a% MCP6402 $1uu 1 By
- Wlwlalen $n01 Fu

B® = CrounD

= L ' ol ol « ¥
JUN 3.8 1smaiudeyaiuiaininasauaadauuuaialila
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3.4.2 N1599NUUUNITTUTBUALAIINNA DALDADA

N3V 3.9 2esiudeyauasannvasaueadi Inseenuuulildinldlalealumsiv
Ay ruuand Tﬂﬁ‘lﬂbﬂﬁaqjmduwnitﬁ TSL125-LF aneluusenausae Widlalen
Fadunu dfiulsyq waveauuey uasuenaniidaiinisléled McP6eao2 Fudulafiuuna
Enansluusvnaueesyuanassia sadusuildvimindlumswsuiieussiudygn
wazdsdyanuiilaliivuesalulasroulnsaaes Arduino Uno Revision 3 sauludiansinn
warlwnszuanss 5 Tadt wae Tagnaasiasuiildimsesnuuuuanalaneguil 3.8

| Pans

Ardumng

LTHTTT T

3
(Revy)
icse

S

1R}
AAMA
v

3 kMY

|

d s 8 1 ol ) v a L [ 3
5UMN 3.9 "1195n1AsuTeYaR LLAI NVaaRLRadaRaIA UL BIRlulATABULN TADS

b {4 B
3.5 N135739993 lUAAEIRAZSUWD LT U

3.5.1 dauvesaunsaiduniasatenig

dnatgunsnisunIazUaemaslagnammeduasiuumlsenoud ety
el wsssiiaanseldn ulduuufeas 2 ma Tnsdumsihymgunsaidsdoyariiuua
woadd warymgUN Al ULAM I ULDADAI M B TuUBsAlLlASABUINIAED TR AN LA
Faguil 3.10
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3.10 7995009QUNIAlAUNTY uavUarevns (Transceiver)
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qunsaiitld

- ffiuseq 047 dadnwnsn
- fadumu 1 Alaloviu

- ARy 3.3 Alaleviy

- 1% MCP6402

- Wlalalon

- AR 1unu 100 Teviy

- AA UM 10 Nlaloviy

- 1o% ULN2803

$nu1 By
S 3 Fu
$1u 1 3y
$wu 1 dy
S 1 3y
$1uu 3 By
$1wu 1 By
$u 1 By

T R IR

1

- Ve, & le ~ e e
B P

1 R ok et Sl Rl S T M

LY
i
.~
A
.
L)
.
.
)
.
-
L1
.
L]
L1
.
Ll
.
.
L]
Ll
L
L
L)

d L o ]
JUR 311 nasvesgunsaidiuvuasdatevasuuueialilan
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- s % LR LS Y

connect to microcontroller |

connect to microcontroller
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Tumsaauauiamenisuyuras Servo lulaspaulvsaaaiaeyimimds Servo Tvivau
- v v o v v oowuooa ) v oow
aueefiszyld Faldrvual 2 asrndeiu A 130 swndmiunismpulumudrsuss 50
pardmiumsnyuluduen Tagfinnsianunudsau (Flowchart) augun 3.16 Asil

Start )

#include <Servo.h>
Servo mysenvo,
char outByteChar;

Serial begin(9600),
myservo.attach(9);
R
Y
! ‘ > - |
~ |
| : - false [
i [ - _if (Serial.available() > 0) N\ 77

1 {V‘ |
| .
| —t SRYS oY

| 4 outByteChar = Serial.read(); |
t . d i, pe
F , §

-~

I - false . false
\
|

v

w & |f (autByteChar == ‘<‘L;f:-—»< g " f (outByteChar == >)

T - —

l {u__q:.:__ & "'tr:;éf

[ |
| --—l mysenvo write(130), i myservo write(50);
| ' ]

| | b1 B Al —H

- o
JUN 3.16 Flowchart WanIn13AUARYIANIINI IV Servo
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unnensiun wdoyaidseaniu Amual Oa 1 wnunisdnainwesmasnueadd waztn 0
uvuMsAUYBMABALEadA 1aefin s WA (Flowchart) muguit 3.17

3.7.3 n1smuaunisiuteyaritunaiaiuesiiulé

wanmslunis¥udeyafe Weiidumainidiiun Digital 2 veelulnsnoulnsataosi
suu lulaseeulnsamesasyinnisussnanadyguadvianlasu Tnsdledumedniiddy
UnduFuitmualisuwlasdygud anldsulnduidnusdegluguvenavgiuie
wazifiutoyaainmes wazazugaiuteyadloriilasududnlaing amiudoyaszgn
deriu Serial Port wauansrawngldanulasiinisieun wisem (Flowchart) Aaguii 3.18
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char outByteChar.
int intShift = 080, bitCheck:
int dataBit. bytesAvailable = 0. i = 0. DELAY = 35;

Serial begin(9600);
pinMode( 13. OUTPUT),

.

R T—
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o

— ‘f silie S—
<—__#{Senal available() > 0)

— S

false.
— .

e

’ outByteChar = Seral nead(); 1

NZ Gl \\_

0 sy / intShift = 0x80,
¥, | f

* ‘ T pe 4 _.-"/
¢ 4 tue

R R L. T S L R BT T

bitCheck = dataBit & inlSh‘i‘ﬂ‘.ml

U S

digitalVYrite{outPin, 0). digitalWWrite(outPin, 1);
delay(DELAY). delay(DELAY).
_ v
intShift = intShift >> 1;

'

++

9

\
i
{
J

4 o ! L 1 L
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G (gt |
B vl jyrmesen e
begin(9600);

int inBytelnt = 0, inPin = 2. addint = Ox00;
incount=11=0 =0,
char intToChar, charArray|256];

h“\‘
e
T i, talse
< __ while(state == true) e

\\ ‘k\\“

—

- ,

U 3.18 Flowchart uanIMsAIUANNITINLYBNTSUTBYar ULAIn Bl
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3.8 Tusunsudesiaglderu (User Interface)
msoanuuulusunsudasegldeuiuuaiu 2 dudeiu fe

3.8.1 Tusunsuiikunns (Sender Interface)
Alusunsudunie glinudenitnisidanmesndmiumsidendefuveia
lulasroulnsaaes Wnefiuouduaeasiinisidsuaniugain Disconnect Wu Connect
Wievinmsiensiadi§a dagui 3.19

Disconnect

P a ot 1 L 7) s o
U 3.19° msdenpemoindmiumsifensefivueinlulnsnaulvsaaes

dvifunsdenduvnanisionsiunideildtmuadumasnsieasly 2 dunns fe
v v - ' | o -
Path1 Way Path2 gldsuaunsedenlanniyniisuendsnmsasluusayasianunsoden
v o v - v a Al al v | ! A e -
ligaduniafisawnuy gldnudududumisidensiensnagu Select Wiavinnsiden
v 4 v 1 v [ -
LUV AN YT LOUEDIUSAIUANAELANIUBATIN Path Selected AygIv. 3.20

nl - v @ -
JUN 3.20 msi@en@unsdmiumsdeans
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Joyaifldiudesn sasfuauisodenaining s nelunias lnevimsnau
Open n3an1sunlnensa7indesdon 1 (Data for Sending) ndsa1nnau Open il
wihsnauanWfidenIng 9nguit 3.21 Idvihmsidening TEXTVLC txt Femslufifena
“XYz” fauansludurinvesguil 3.21

* B Dettap ¥ Y 2 File Edit Format View Help
Organize = Hew lolder e T @
ot Favories i TEXTVLE -
B Desidep ‘.'_Ih .
Dewnload
8 Downloads Stog
. Recem places Tend
& OneDrwe Rieg
Taut e
o3, Hemegreup v 2 -
File name:  TEXIVIC - Tt documents (o) »
l Opan yy~4

U7 3.21 madenivd xt AFoensds

gevitnsdanindud Joarmmelulnd it axUsanglunasstoninu(Data for
Sending) Wasardslunasds Tasiupuiiuan g dnisuansaniuz 37lavin1sdeniwduda
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- :;’ (3 ! L4
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o w | W v -l - v ' - o w1
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(Sending. Please wait) 33Ul 3.23
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findwinuansden amlmimsidancunislun sdeans (Please select path.) Aguv 3.24

w8
o TRANSMITTER =G
Select Com Port
CoMs v’ Connect- " Refresh
Data for Sending
& " Select Path
' Path1
() Path2
Please select path:
Open
| MG |
Connect

= v v oo - et - Y ' '
?lhﬂ 3.24 “u"lﬂ']quﬁlﬂﬁaumaiullﬂ']imﬂﬂtﬂuﬂqdﬂa‘uﬂqiaQ
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dadandunislumsawar vindunnsulyanunsedasalydarenidalunaiy
fMvun TWsunsuazintswanmiha1wd i suie i msdsudunislunisdeans
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o TRANSMITTER -
Select Com Pont Select Com Port
coms v | Connect Fefresh comMs v | Cowed Refresh
Data for Sending Data for Sanding
Selact Path
& Pahl
D) Path2
Select
Open
Sending. Please wait. Please select another path
TEE TR =SESEE .

JUW 3.25 wihenauassnsamidanysal

oo = Y w - [ Y - - W
lovhnswasuduvnemsieanshisnnsodearsilsauysal Wsinsuaziintieing
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File : TEXTVLC
Path : PathO1

Send : 3/18/2015 01:20:11 AM
e : L
Path : Path02

Send : 3/18/2015 01:23:34 AM
ACK : 3/18/2015 01:25:14 AM

o I3 o | & & | <
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] v v
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¥
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4 2eode l CUTEP
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LT e
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v . [ELTS
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~ Hide Folders
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File Edit Format View Help

XYZ

= w fav w0 ot
JU# 3.31 Fayamelulranlavinnsdudin

AldnuaunsadanssuTenanwlvg Rlogixt Fafudeyarainisiu Usznauludag
al « W as <
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File JEdit . Format \iew - Help. -

File : 20151803-0126-VLC
| Received : 3/18/2015 01:24:30 AM
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4.5.4 HANTINAADANDUAAIAMUTUNUTSTMN95TIM e Aandunas wazudafiuasen
nsENU
HAMINAABINTIAM MDA LATUSILTILAINNNTENU VBIUGAY TEEEMIANINTOUARIBANNT
\Wuarnuduwus damisneii 4.2
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Transmission range Density of light (lux) Diagonal of light reflected

(cm) area (cm)
30 3400 6.5

60 1470 9

90 1100 12
120 730 16
150 530 175
180 410 19
210 343 21
240 310 24
270 275 27
300 248 32
350 222 35
400 200 37
450 190 44
500 180 51

PNNTVRasdiatneruaInsalsuea N uns M MWAUNLSENNT SEaEIe TuAUTLLES
wialannuiusssiunds lnensmitlaainsanaswuuidniniuudsa (Exponential) ladwan dlugy
4.10
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Transmission range to density of light
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4.6 NINARBIMIADENTUUUNAUNENASAAYINS

4.6.1 TAQUsTaIAYBINITVINADY

dmdvluitednivlummeassiivzfumsvesssddygnauadasiimvaundnafiasng
iesnmsldnuainisdeanstnuuandum sasdyauuuy line-of-sight vinlwaaiiasfiavandlums
doanslel

4.6.2 gunsalinld

- i3esiulazdd $1nu 2 1wdes
- Ty $nnu 1 nies
- ABNWIR DS $10u 2 13
- WWsunsu Arduino IDE

- Wiunsusvasdeya

4.6.3 ABN1INAADI
inmsdanssguumudunie lneviim susuyalumsdevemasauaads i alvianunsodeans
wuunaunandnaunele fgui4.12

OBSTACLE OBJECT

14
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JUM 4.12 mneaasinsseymislumsdayaleslyinisamiudyy o

4.6.4 dajUuNan1INAaDd

NN IVINITNAABINUN Li"jav?"m'ﬁﬁgam‘%‘aamué‘ryrgmiﬂai‘:miﬂ%’m;umi?iamﬂﬁﬁaaﬁu
\3asdudsdygants 2 Suudmuiiannsaideansinevavasiauinilddezannsaluldusslon
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undi 5

a L3
UnajunazITe

5.1 agumanisaiiivany

mAdpihauenmaiuysransamlumsldnumaluladnsdemsinuuas auoaiuld iean
Fosriadef Aoszaemilumsdems laedinns Aeadaniomndyyrafuiadussezmslumsds
foya uazaniymlunsieasimuaninwewiuldlusumsdeasiufumsidunmevsuamduun
aswvildauBangulunmsvaunandedn i msdeaisiuaminedeyadivsim sdamnaufiy
dynnanannvasnueadi wivhmsdwuesenlulneruis wadediyny uuas fen suegaty
dyanuuy oeu — eanAgd vilivaselWieadd manseniudn - U e myedoyaiidsdaediqunsal
muAu Aslulasnoulnsiaes ntuauasdunissiuianan muiuasemaudyyin Fennelu
Usenoudae A lalaavinviniisudiainuasmnnnsds lilasaoulnsaeivimivimueaunsfusaras
feyaiisusinunialelonvinduditoyseeniiunaanuana uaynasauaadi Tnoszuusnanaansn
doansrnuuadldszorliiu 5.90 wns seminegaragavasyagunsaimoluenans

Mnmsaidiunu uagldmmsveassauioaiulein yigUnsamudygnuaansaiuilauazan
odrinlumsasmsisdues e lnsamsorinaiussszmaluniideanstadaynaiiuyagunsainag
i llussouuwdusasldszaenaslum saoasatuen 1 W a1 wuY R gUnsainau
fy e Wesnnmelug qﬂﬂszﬁmué’mutg'lmﬁ”'uﬁwmﬁm%’u aed s lmitySeiltlldans
aaveutasdyaias Smisdsaing oufl silguiludesmeimaunandsfarisdudatiuannnigly
o1 sldEndg faandlusud 5.1

Repeater

Obstacle S Transceiver
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5.2 dgymidetuuazuumaudly
mnmimaaauﬂai}rgm-?ilﬁmﬁ‘fuaamﬁu 4 dseiu Ao
1. MyUsznanaensiuag iuTusunsu Microsoft Visual Studio Express 2013 Tagsauu5iisu
Heyarnu Serial Port Mnlulasreulnsiaesoviurlingaus Sting yilwidieh Sting e
fuintasinsenindeya Wesnduls String fifdavihedeyasenine
uhlylee : dosudeyariumusidun udazvinmsseteyaiu Iidendeyafidu Array usn
thindedeiasyililifedaufiliavhevesdeyaiiiutesiandae

[y

2. mysudstaya wulnviladuasliannseseyladivnuslvuisuiuiuteyanienuayadeya

u
= &

fifaImsFuud ﬁw‘[ﬁ'ﬁa«ﬁa%’uﬁa:&amaam-'ifavi'"n'[ﬁ’ Buffer mulululasraulnsaeiifuiaia
msRawaalum sty

uilolae : ’Lmﬁmssuawauauuu“l.uw‘hﬁ‘luimﬂau‘lmtaasm1msuanauaLaameflumamu
AMaTlumsTudeteya uasii s DaEudulasdn davheelsy ua.,auam mssuyadeya
Fafazuitgmn Buffer mnuaz1uiﬁiﬂauiwmaimﬂuumwmmlﬂ

3. MInsgnsuramaeauaadanidlumsasdayainuuaniud wisamiunsnsswiuiisdianin
Lulaspeulnsiaes Midenldlinszuiumsvirnulat vilvasayalaluGuwiniaes
uilvlee s Genlvguninilulasreulnsaeiinivssansnmgaaniu

a. msdeansmaldannzwndeniiunniisiusenty Wesninialelonsiniwlsauasgevinlo
Foarimusian At Laa iy smuss e mwunadnlia 160 dnd wanlinmswaou
anmndonaanly avviiliiiadesrarmalunisieans
uAlvlae : pasarFnndinialolonluanswan deuiiiamasidiuasdsiinniiimuun Seazyinly
anwnsalgulnllalealdagradulsednann

5.3 wuaanmunsaly

- gunsafludutmensermswdnuiu - gunsaftasenlunislinuiaenniiy wu uwde
(Tablet) nsfmvitdaudl (Mobile Phone) wasvinwnszuumahludndidaserugldnulvian
azmanlunslinuinniiunniuiduinu . duvemsiaseiuflinu (User Inteface) wayms
Wenseugunsaiumena

- daludreamamidunislumsdeans wanlidunislumsdeansnunntunisiimuiawaie

) v - a & v - . o v s

ludnudunsdeansiin u elvanunsadeansasluldlasenvasimunlujunuuves yadeyaiilvieg
Uaremavegunsainsaimsiiase Wusy

- anvwnyagunsailumsdiaziu Wasnngunsainegdmaivuialungyvininliazaanluns
Anas uazldnulaee1rvzanturnvauaudnldlunszulumM SAE QY YIURAILAZ VUINY DY
lulaspaulnsiaes
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- dugnmsdsteyalay sunsoiaunlavisduveslusunsaliinawhremsinuniu way
! L3 L3 - “é 4 Vel ﬂsl ar 1
ludwvaseriows lnsdenguniaiisianuilumnevauaslafinniiu Tukamamsiaunludiuves
= ar el H - a a ] '4‘ a at
Wsunsup1aveiim svand uyadeyalumsduiaiuy seaninwlumsdea sunndu lnewdeudng

msdidiaya (Data Rate) 970 9600 1y 14400, 19200, 28800, 38400, 57600 %38 115200 bits per
second

- - Pow ) ) « Wt &
- Wauiinumsddaya lnemsuiurnaivives (Buffer) Tululaspaulvsiaasivfivuiauniu
waruisdeyauwiaing (Packet) lumsdsdaya
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