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Abstract

This project is an example communication at present. The text and audio
transmitter and receiver devices use visible light for transmission data in space.
The optical signal transmitter is 6W LED. The optical signal receiver is 5V solar
cell. For transmitting data, An Arduino board is the importance processing system
to transmit both text and audio data. But the part of receiver device, we use an
Arduino board to receive text data only. It is easily applied to both hardware and
software. Other components of audio transmitter hardware are Mp3 module and
Amplifier module, especially on the software. The main function of this device
related to writing code programs and upload them into Arduino board. For testing
our device. We measure the signal, loudness and the accuracy of the text of the
transmitting and receiving data. They are tested in the different environmental
lichting conditions, including without obstructions and with translucent

obstructions. The transmitting and receiving devices are tested in the different

distances too.

Keywords : Visible Light Communication, Arduino, MP3 Module
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2.3 Arduino

Arduino 8143 (81-9-8-1 vi3e o19elu) Wuvesalulasroulniiaeinsyga AVR il
MsWAILLUY Open Source Aafnsilawedayariifu Hardware uag Software #1 Usin
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£ (%
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1. WeulUsunsuuuPauiitmes drunnelusinsy Arduino IDE &9aunsaniulvanl@ann

Arduino.cc/en/main/software

2. vaannfideuldalusunsuiseusosuds igldeudensuvesa Arduino lduazineiay

Com port

Help

Auto Format

Archive Sketch

Fix Encoding & Reload

Serial Monitor Ctrl+Shift+ M

Arduino Uno

4 |
Board : " Arduino Duemilanove w/ ATmega328
Serial Port ’ Arduine Diecimila or Duemilanove w/ ATmegal68
| p
fathi N Arduino Nano w/ ATmega328

Burn Bootleater Arduino Nano w/ ATmegal68
g ALl L S Arduino Mega 2560 or Mega ADK
Arduino Mega (ATmegal280)

5UN 2.8 1daN3uUUD3A Arduino Mfaen15 upload (4]

(Tools] Help -

[File_EdtSketch

Auto Format

Archive Sketch

SIICIC oUig Fix Encoding & Reload
Serial Monitor Ctrl+ Shift+M 5
Board ’v A o e st s e
Serial Port » v COM33
Programmer »

Burn Bootloader

JUN 2.9 \Hanuuneiay Comport vasuasn [4]
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3. nadu Verify Litensiadeuaugneeiuaz Compile laalusunsy a1ntiunay Upload

Tan TUsunsuludauasa Arduino H1unN19aTe USB Wodulnanissusasad agkanataming

waUt19a1e “Done uploading” waruesaazisuyhaumundeulusunsulilaviud

3
L7}

U

=
7

2.10 natlu Verify lilonsaadaunamgndeatas Compile Idnlusunsy [4]

int led = 13;

void setw() (

pinMode(led, OUTPUT):
)

the logp routine run
void loop() {
«
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2.3.1 Ta598519 Hardware 984 Arduino

Arduino WSsulaiuateseusan1sseninssuiiumsianiean Meg1edu AemA
(INPUT) iun1muagsimisde auas (Arduino) 81usazviiliiinnisuansuanin (OUTPUT)

Faooniduasmisdeiieny Layout & Pin out Arduino Board (Model: Arduino UNO R3) [9]

3.w9%n ICSP - d sy USB interface

I 2.1 Reset 4
l twainUSE | &8

10.MCU : Atmegal6U2

4.weim VO

3-nterrupt 1
“Interrupt 0
0,1-Serial

| 5.wofm ICSP : Atmega32d

SMCU; Atmega328

9.4i03 Power jack 7-12 V

- -

v\[ 7wain /O

8595 Power

A8{12C) SDA
A5412¢) SCL |8

gﬂﬁ 2.12 Ta39a319 Hardware ¥84 Arduino[4]
drulseneuwes Arduino Usznoume
1. USB Port: Wfdususiaiiu Computer Litesulnantusunsudn MCU wasaglwlsiuvedn
2. Reset Button: Wuy Reset ldnmutososnsls MCU Gunisviaulvl
3. ICSP Port 483 Atmegal6u2 \Jumesafildlusunsu Visual Com port Uu Atmegal6U2

4. 1/0 Port : Digital /O sausivn DO 58 D13 wenannii u1e Pin asvhntinfiaus wisiiudae
LY Pin0, 1 v Tx, Rx Serial, Pin 3, 5, 6, 9, 10 Way 11 Juwn PwM

5. ICSP Port; Atmeea328 \Junesnfilélusunsu Bootloader

6. MCU: Atmega328 1Ju McU ildunuesa Arduino

7. 1/0 Port: wenanasdu Digital 1/O wés Saudeuduresiu ”aquywamﬁamﬁ?aLwim AO-
A5

8. Power Port: IWiFssasvedniiodasmssglwliiuisesmeuen

Usgnaumeuilwides +3.3V, +5V, GND, Vin



5

9. Power Jack: Sulwain Adapter Imaﬁl,mﬁua&uiiwdm 7-12 V
10. MCU w4 Atmegal6U2 1iu MCU ity USB to Serial Tng Atmega328 vy

Anranu Computer WU Atmegal6U2

2.3.2 Asiaanvinnlgdauly
nsidenyin Wunseulisunsulaiunsadenlainaglvinnuiulanmamseainm
wug drulasrsiieulaniivue d9lu Co+ Usznaudlsnisidenyii lawn if, if-else uway

switch 52384 Conditional Operator

' ' Tty
o & o =) v a v

1. nsidenyiae if lumdsimuaReuluieauaulilusunsuinnuamemdmaeans
A A ol a By e e a o dAa & a

watoulvtuduasavinguy Fadun1siasnyauniILaanag?

2. Ansidenyindne ifelse  1WunisAivuaaulalilusunsuidanyiimaIns odLanuualu
<@ af < = P P (-1 a g s a a [

Uaanva4 else Wiudnnamtaio@aulyldiduass afLa1nN1580NY AN LaLnA UL AL
< 5 A A [ a ey

vdanvas if Wekauluduassviuu

3. n1sideniiacay if. else if 1Wunisi@onviniivatevniadan tneagldnsirvdeuiouluain

duvuaguans wnmeulaladuasy Avzdvinaunaeawua luuaaniuiuy wed1lud

Reululaduass agdhunvhanuiannuudluuionues else  Wudugariig nsiaonyin

A dy £ v 1 1 o Ad L3 (Fee >

wareaLdenbuULagNg AUMIMTBNATENINTITINNTNAETEAU vemuuaya

Wunquense Wusu

4. nsidaeniafeswitch Wun1saenyinndvateniuaen Aaenunsie if. else if waAda

switch azvinsiSeuisusgninetinauiieglusvediuys aana vise fendu fuma

melunsay case  dadnaunuuUSsuisunsanuaAIAInly caseld 3nUuULUsHATNIL

FMauluamnuudund case U wadnlinsinu case Tatay TUsunsuaztuluynauiaLns

LUAYDIUADN default Wy [5]

2.3.3 N159USBUNNYI

UnAualInouiitmosasulUsLNSUNYINUS BImINa1aU Tneisuanmdansnluauna

Adsgaving urdusifeanstineuianesvinuiugumAmIsannuuRu9eg WMy

vy
U

A3 Aanunsavildlagldmdnmuaunisiuseulinauluvinuluawsuitugianmu i

sounseodeaulefinvun SanAdiian Ad@In15IusouT (Loops) @9luniw) C++ 2zl

sULuUNTILBUYIIYY Laun while, for Wag do..while
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1. MTIUTIUTI8AIET while HunsIusauvng lnensisdeueuluneudvinnuluans
¢ = a i & a v o ¢ SN P
wud Feluvnrinsivasuteuluduase avdvhauluanauuduaziuseuvingiluis o)

e < < & oo i
uoauluduia NaLenIINNITIUTBUYNT LUALARLUUATILT
2. MIUTBUGIeAES for Wunisauseuyidluvauzndeuluiduasandeiu while ua
F9TUN for ANUNTAIMUATIUIUASILUNITIUTDUNLULOY TRgazSUTUTOUINANSUAULD
mulvaudsmnduteulaudifmgaiuseu wazlimvuanisiiuAvseanffiiiun e
ISufu F9919970 while waz do..while AdpsimuanIsiiunsoanmstuseulied melua
AALLUALEY A9t for FaduniTIusauyng NN gau UM STUIIUIULUUAAASIEAS
3. A1SIUTOUYNTI8AIES do.while un1sausauyingINazviaulugmaliudney 1
& v e P a A < — - ) liis PR
A% waFnsrasuaulanasluruznFouluduass Averusaunduluvanluawmniuuau

v

aunReuluduia 1d23999n91AN15Y19 F46199710 while NABIRsIdaULTaUlYnaUISY

911974 [5]

2.4 lalantuasuas

1
=< o o a

Light Emitting Diode %50%138n31 LED Jugunsalansismatheiianiiandnoglu
1 lalaanatuisadaduasluanediunasundeIaLAUNS o @ UNATUNTAINUEIIAAUINLWIY

Tnefiazidsundsnulndabidundsunasidiognnszualudauuy Forward Bias dmsu

(% [
[

Usingnisaitlazienin  Electroluminescence  lagdveoduainiuatoanunaviuegiu
(3 IS L% ) o g v ! Y 1 v 1
parUsznaunaLATiveiannwiathnld wasamnsaidwuaslialndiu gudansilalowan 4ha
wasfisoaiiy uaztadunstn lutligtulaleafivininaisisiaa lalsununa it
vpvanld Fediuszlembmnnddluradegises wulisnmgnnin wwisdnnitunn aovaues

151071 wazlisinainisyaldvaenliiinainuseuiu

8 .

Flat

Anode

Longer Lead
el

Ul 2.13 Tassa319ves LED uazdrydnual [6]

Cathode I

Anode (+) Cathode (-)
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dmsulasadnavessy LED mluasilulumugunini 2.12 lasiaaveasdd LED Ay
wuulanouvuguaziisenit plastic epoxy lau?u19a09919¥0ILED gEUTAUYN
soniluvn Anode Ailludauan(+) firamenaiuinndt v1wes Cathode Mdutiau(-) seg

%

NAv99 LED nelu ’«J:,’WU'j’]ﬁéf’luﬁm{ﬂL%EJUE]%]‘?Q‘U’]ﬁUR]SL‘ﬁ‘wm Cathode

2.4.1 ¥anN1SM19IUVBILED

nannsiauvedlalonldiuasnzeduisfienguivesnsindouiivesdianaseud
158nAU71 Band Theory of Solids é?iqa%fwayjuuﬁugwuﬁamqwﬁmauﬁm Band Theory
fufuinuulneiniand ugnAveues W, Pauli uaz W, Heisenberg vangauly F.
Bloch R. Peierls waz A. Wilson \usu annsneduislddn laleaansisiaii viannisin
arsnasthasswiinAevia n (asidatifidope fpanside Wy sleavlasansosnmys u
fiu) fuwiia p (anshsiainfidopeseanside wu Tusounseswmuy3idusiu) undsenuiu
Taeasssossoifndy p-n junction Guthuvnvasauszqluihiidunmevaanszuealnii 9o
Hun19n131 depletion region Wulwsdasauszqnurwnn eglussaulilasiunsvieninia
dudnmseuluuay conduction (conduction band %58 CB) 37nM1U n launsalns 7147
Tegluuau conduction wewnu p 15stwzlaimmmﬂﬁmﬁqummsmﬁ’ﬂa’ﬁ'qq VO A4
LLamTugﬂﬁ 2.13(n) FOfunNuAMLaUNA 1 IURSIUSIN pon junction wadlaleafidlalle
F10llef usidledinnssrelnliuuy forward biased auy@iiaiaanusinadng v Aunasing
awdauvdeifiuenugaiion Vo - v dauandlusuil 2.13(@) Ssimefididnnseuszannsn
Fradlueglusu p I udiesninarsfsianiutia n gndopeldiutuninisdopevosansia
fdwda p (wnuseddnual ne lugy) Bilnaseudaunsidiluega p 1nnfinan
hole Tuuau valence (valence band w3a VB) azunsittluagluuwau valence v0301U n
\ilodlg hole ogilsnssdrnvesinudeddu sidnnseuisanisnszlanacludug
(recombination) WwAlUNTAATEAUNS1NUVBIFUBUYINAU energy gap (Eg) SEWINLAU
conduction fuay valence vawansisiihwiiatug wlwsidnnseudeclanddoswdaem
druiueenluaungn1sAIRIveInasu (Law of Conservation of Energy) Tnelunseliy

UanUdeseanluluguveduas Usngmsaliltesiisundn Electroluminescence ANEMIAGY

o (A) ignudeseanuinunalnlugun 2.13 () aansaduialaanaunisdie aail

hc
Eg

R E
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P e o wie o < ' = o o P
\la h ARANAINVDINAIA kay c ApAUSaslUEYINA WU @137 GaAs I
Eg = 1.43 eV uasnUapsoanunnazil A = 867 unluns nisiiiguinuuasluegiu

Sunsuse Wusu [7]

Electron Energy — —
Rl el
200 :, :
&
. <14 | i
| ! E o
; v r.L :
P00 06¢ ,}v L
1
1
+ e
I'B
Distance into device » Electron 1u EC @ Hole Tu BV
(n) (V)

o o L = ' 4 o o a s a
SUN 2.14 BRUAWLAUNAIIIUYDY homo;unctlon FITNINEAITNINIUIVUA p NUVUA N

u

'
=

78l Eg wirnu (n) Tunsaindsldarelnli Au (1) nsainaaelwaauaiednd v Tduuunss

‘ﬁ”'a (7]

dmsunmsideuazsiauifalsnaditazinatanisasielalen gunswaiuLay
AkUAIsN1UaNHER (crystal growth) mAtiANSdopeanside vlnveaTsAKaULALTRILN

v o a

271 homojunction tJunuu heterojunction (@1sAsmdwdda n AU p &I Eg luivinu) e

'
v [

ARLUAIANYLTDILOUNEINY AINUTANTVBIATT NG IVBUNTIL AT TONT DAL UNNT B
£ a1 o 1% v o ' a g 1 a < < v o Y a

veananddruvinlinisdredundsvasdianasouldiianaduias tudu arxnsarinliia

laloadlvinadlaununnd uagilidanudunamsaanuaitaiuundulanig wenain

ANMUDLLANRZALTULAA875N19A9Na1ILED SanunsatRuTulameIsn1saemalUine

1. vhliAanisgandunigluanas Inenisiansisinhaie p 1Wutuunen dawandly

JUN 2.14 mszuasagldegoaninainuiagg junction Aeulunwniu p
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A %

i |
_'_ Insulator

Epitaxial layer

Light Output

Substrate

= 1% o v Ao a &
JUN 2.15 urunwianslaseasng LED iliansnedaiheia p dWuduuis [7]

=] 1 [ £Y

2. annisazvioupdunuanslunsessesznittldinivesasneiiteie p  (@Enwdwam

U Aa 1 v oA

Usgana 3.3) - Aveanae (Ardvdvinumiianu 1) lngnisiudienarainlandaidviinim
] o a a qguv = < o o oa &
WNNINIA waginiavesnatafnliiugunsinlmsenauiiouasasansisainiviiiae

) a v =
sananslugun 2.15 () uasnazeenuiain LED lauiny

Light OQuput

Plastic dome

PN Junction

Substrate

(n) ()

dl a o/ :l' 1 3 é o/ o a o/
sUN 2.16 (n) nsiiansazvisunaunuaniglunisesfoseritedsnintisia p v

v

21n1¢ (¥) viuiewaraanlaguaiamsanas (7]
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2.4.2 LED @211

Tu¥a.f. 1993 Shuji Nakamura tiingrmansuadulsvszavanudisalunms
#3519 LED ﬁ‘lfﬁﬁummvﬁuqdmﬂawsﬁQﬁaﬁwmﬁﬂﬁuLﬁau wnadey luns1es (InGaN) Favhl
fusiAuasdouns 1By Uity Sasndnasvauysal 126l LED fuselowideszgninteumns
1NB9TU Wudmsai LED Ailiudsdun (white lisht) Iddelnenisiadeuansisiainge
GURISPMUGN, Lma%“fwL‘&uﬁlﬁmﬂmsﬁaé)’aﬁwﬂﬂnisﬁu’tﬁmiL%EJQLLaﬂwSmLaaﬁmﬁm wiauile

1%

LEELVADNANNUWAIAUNR YA A waadv7 [7]

= o a
sUN 2.17 uoadaninsiiniaew [7]

2.5 L waaLas919ing

waduase1iing (Solar - Cell)  1lugunsairiaussiulndnofiuasiilumau
witanlwduinnnsgnuasuuiwas dmsunisitaruaruisadelvanidisuisas
LAIRINAY T2 LwadwaIaIinga1usaluwasaneusssulriulnanlaeddaglides

v

9N IIUINNBUDN MINUIITAlAIwasLaseItndtdunsuafwesL vuLan TN

(Active Transducer) ¥UaANN4

2.5.1 1A598519%09 wadnaIa1ing

LANIANWULLATIAS9UDNTRRLAIDITINE TaUsENBUMEAISNIRIUNYTAPN NUsEAU
o - ] Aa v o s a TE aa LT N\ Aa =
fulusewse lngansnieuldi waduaserfinglaun a159@meu (Silicon, Si) Mligunanuay
Lifisundn gamlahelusssunauazsnign vieasdaileon (Selenium, Se) dvosdwmiuln

wasnggrula(Transparent  Adhesive) uag gunsalloiiunisasviouvaIkaiagauuy
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Turue ua199eianeenlidnn (Back Contact) WiBMIUSINAVINATAYUBNYS BABDTIL

3

nulvianm
Sunlight
n-type semiconductor Eranbcontact " nd
’
Antireflection coating
Transparent adhesive
Front contact
Cover glass 75 Cironte .
’ v wmﬂﬁﬁ%
F oY
p‘«-l@d‘t
p-n junction
n-type semiconductor N e s, - B
p-type semiconductor = Back contact B tyngBemicondyctor 4 . unent

©=electron Back contact

5UN 2.18 Tassai1evasivadieariing [8]

2.5 vaé'nmiv‘hmwaawaaﬁtaamﬁmé

wlectron flow
SRR

hole flow 4
4

N-Type Semiconductor

PN - Junction
P-Type Semiconductor

Ny »‘
v 7 P
2 P-Type
Silicon | Silicon

PN-Junction

"Hole"
Flow

Basic Operating Principle of a Solar Cell

5UN 2.19 NM13vUTeRasLasaiag (8]
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dmsuansdaneuviavsunfazlinnududnhlnihsunmszdidnase uslidl
msiadeunluiusy uAlieldi5n1s Dopingfieasneanesavses AL 5aauuLNUTAADU ¥

liflauaudfludididianasouniodimididnaseuniouszqau Woldfundiauan

La401NgaIuULHUTAADY 138071 N-Type Tneddnoulssinnilazog i tuuuvesgad
a L4 aa = a 1 A a Qy 1% = 1 1

ua99171ng Uaydsn1s Doping 8nag1efe AxiN1slAUTIMYaTslUTEUNTOS A 3A9ULUNL

aa o 2/ a a« A Y '

Famau vililassasiwesesneugydediannseu lngssniouszquintiseninlea (hole)

AeiananTRTuISUBLIANMTAULD LA SUNSNIUINLEIDITING TITAADUVDIYASLAIDNTINE

q

awdulseinnil Sondn P-Type

dusundnnsvhaulasundsnunasonfins i dundseuliih fe Welluasefing
ANATENUAIULAS uasenfindasaamasnuliiusidnaseunarisaliinmsiedeudituy
Im@Lﬁﬂmau%Lﬂﬁlauﬁlﬂimﬁaﬁ’uagﬁ Front Electrode uaszlgaasindouilusiusiiui
Black Electrode waziilafinisidousossuuaunsuasasiu szviliandunseualyia 1sisn
annsathluldnusuulnanls Jamaanateningavinnulafodiedudsmnnnnsenuuu
FrUDAdRAIDInE I AANE 39 1ULES (Photo: Enerey) Suiiloaunann GRIGERERLN
faglwas agvilsididnaseudafuwmedulngluduasissadeioN uay laadadunmey
dlnaluduansisinieinr indouiioonsinuinasesse Amvsdadunmediudosls

a a 1 gV [ ¢ ) X dd 0 @ s afl &
‘WU?L'J'L'Ll'ﬁ'é]EJO’]’E]LLV]ULLﬁZLﬂ@LUUﬁﬂEJLLiQWUIWﬂWTUVl‘UU@@WQ&@Q‘U@\?L"UﬁaLL?N'ETW]G]EI ﬂ']ll'ﬁﬁl‘l_]

aoldauiulnanmneyin uthnduunasgrensseulniinszuaansald [9]

2.5.3 Yinvauyaduwasaining

1. [wadlage19ingNvinandanou vilandnmea (Single Crystalline Silicon Solar Cell)
Monocrystalline Silicon Solar Cell anwugiduuruianeuuduazuisuin Fansudusien

furnngalulanylianils awisangelaainfiunagnse Indenldlucvgainnssy

diannsaling wuldvimsudamesiazlod [10]
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Solar panel Solar cell

JUN 2.20 waduavaindydandniaen [11]

2. [waauaeingNvinandaneu sdanansay (Polycrystalline Silicon Solar Cell) dnwuy
\uuiuddreuniauazuiwnn gouandu wWeunilymfuyugawsuuunaninegs dmiuanu
wANAveITaRBuYdanantaed esnnIsiewEndanoy. MduunsauysaluInd aus

FAaAUYTAINANTINILULRUAUNITUILABTAAD ULV LT UUDIMA Multi Silicon a1

a9 wazwmadluluaniuiiules

Solar panel Solar cell

sUN 2.21 waauaseindsianansay [11]

U

3. [WaaLaseingMianeruesiadanau (Amorphous Silicon Solar Cell) dnweauziduiay
Uiiee 0.5 luAseu (0.0005 ww.) lngldens@dineu arsluseu uazarsweanesanoglugy
6V :5 o & @ A s 5 . [l v 1 a =l 1 al
vianue dhaedoudulauune (Thin film) aquuesuLAY uHuwaaRn nioudulany d
Usgansamlunisiasugundesnunninviaadndaneu witegtulainisiiwalulad
adgluniinldlunisnda viTldaunsoandununisudnasuasiiuyssdnsaing i Falu

Uizﬁm%quwszmm%’aaaz 6-8 UINUNLUILN
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JUN 2.22 waduasefindviafauung [11]

2.6 MP3 Player Module

@ w3y DFPlayer Mini~ module Julugadniuidu. MP3 fifinsnensiauuy
8150175 MP3,WMV. Tlasysaiuasiineniliagsea3usD Card riumAsuuvaynsuagiatou
selunmsiaunasuagiliiiudug suvidlugaiifvuindnuazsagn wagliowiwaiiaiunss
safudlndldlannss uazaunsaldiduligauuvaunudelauamusavinusauiuuness

[l
aa

anlnauazlune wseldusauiu Arduino UNO NdaasauTilunissudsteya(ReTx) [12]

5U7 2.23 Tugadwisuidu MP3 [12]

v1v8aluga MINI MP3 9¥Usznaunie

s

L}

DFPlayer Mini

E B EFE BE E B BE B

sUTl 2.24 v1vesluga [12]
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A19199 2.1 uaneu1vaslugalauMP3

21(Pin) AnNwY

Vee Andlwigndn

Rx UART 271441

Tx UART 21080

DAC R, DAC L Audio Output

SPK 1, SPK 2 alwsuan(+),alneuiau()
GND N30

1031102 Trigger port 1,2

ADKEY 1, ADKEY 2 AD Portl,2

USB+ , USB- %83USB 11U3N(+),299USBU1aU(-)
BUSY A0IULVOINTTLAY
2.7 Key pad

wdudunauuy dx4 use keypad lneilugunsaldinsusudunnanndldenddiiu
lulasroulnsiaesMCU) Fefidddunaianun 16 Uu gndnisesludnvmrensiss ulaiuy
wus Columns 4. 1y uazkuIuauRows 4 1y luusasfduasiidodnvalifoumsuly
Wi faw 0-9, # %, §7onws ABCD WWusu frefddunauenuraziduszlnaedduivesidu

FUEUIUIINNA 16 TILANINNITIAREILUY 4x4 agladypiaisnuniies 8 27

Pin 8 Pin 1

U 2.25 key pad Wuu4x4 $IuAUPIN 8 1y [13]
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2.7.1 %ann151191UU84 keypad

#m5U Key pad wuudxa agd PIN Iaedululaspoulnsatass wavun 8 &u Inglet
PINL-PING d1m3undn (Column) Maeidu input wielililasmeulnsaiaes s1usiaves
ﬁéﬁgﬂﬂm a2 PIN5-PIN8 dmsutan (ROW) Wseifiu output wielilulasreulnsamaids
030 “0” uwihnsaunuAgluuiazuan msviauiululasneulnsaiaesazeiuanue s

aednueinput uRazndndidnanms PINI-PING Fedlainnsneddazeruandnld <17 drdinng
nafd asdnfisuldlundnduazifu “o” LAneufiare uAIanINUA AT Ua N
lulaspaulnsatansazdodliiandn “0” ununivesAdunazual (PIN5-PINS)AeuiY Tuns
g1uandnidruuiazasane Taeazsde PINI-PINS Yo dkeypadid1iuU B3 A

lylnsneulnsalaesfiunnanoa PIN2-PING [13]

2.8 LCD Display

Ol . . . A o = a
LCD 1191nA171 Liquid Crystal Display A838ilaAINanyIniIINNaNATdnaaLna
) A Ay Y] = 1 ' A A ' . A '
nAnNNIAD Neunasvesasazilwdesaininiensonia Backlisht Welinsuasunsyualwin

=

Whlunszduiingn lngazinbindnlusauasiuasnunanin Backlight wagstiuinuuming

N

drudunlaunantaiuliagluiiasdaing Lasnanazianuanaeiusuausnanasanaa Lud

a Gl a o v @ [ v v o =] v a1 [
Wy 3o an yilvlonaanududvisdeias Wunavaa 1990w [14]

2.8.1 ¥1invd93a LCD

1. Character LCD t0uaofuannaldud1onusnudadwuuaigni 1agazin1smnuniionys
wsednvsENanTananinalilioguad 1uae LCD vua 16x2 vaneddly 1 WOHFONYST

=

16 16 f Lagdanum 2 USSNA LAY

2. Graphic LCD \Jwveniannsanmunalainvgliusazanuuniige dvvelilluaainados
ponu vilaeilanunsaaseguiuuivuminaeld azinsseyruinvesveludnyayves

U M50 Pixels Tuwsaziud 1y 128x64 MangiaefiiiuiuganuLuIuey 128 99

LAZHIRARIUKUIAY 64 90
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2.8.2 Tassa1slnenaluves LCD

Inssaseves LCD ldaguszneuiiumeununia 2 uiuusenuiuey lneliutesing

v o

asanaeld 6-10 lulasiums Aamuluvesununiiaziadeusmeihliiwuulameliuan
onYs Asinansenine Milwihuuuladundnivad Stuvesaisiinlviluanavessdn
sumiuluiansfiuasdosannsgnu 15un31 Alignment Layer wazwaniwainlalagimluag
I3 i v < yé’f v v oA

\Wuwuy Magnetic lag LCD @unsaudnnaliils) wssulaniviun 3 wuumiunume

1 wuuldnisazyviouuas (Reflective Mode) LCD uuuilldansussianlavzindouaginuiu

1
a

89999 LCD @4 LCD Usznnivanznunisinunlaauly anduasaingisans

2 wuulnisdaniu (Transitive Mode) LCD wuutnavaealwlisumnasas iwevinlinisaiu

ANNLEAINAYIN L ATALDY

3 wuvdIRUkazdzviau (Transflective Mode) LCD wuUTdun1sUe T AU LARIKA

LCD 919 2 WUUNISINAY

dm5U99 LCD 16x2 Character Wuao LCD. fdsuldiilesainaiunsauanieale
a = v = = 1 { a s a o § v
Weanalunilantnee wazdnisiwendauuuaunsy (Serial)  12C lagvgdvaiaiasuvinla

#0asuuU 12C Iavausalagynindu

LRI |
e

e "
-

HOT &

\ e
@APASS uN—

7

U 2.26 LCD LLUUﬁL%'awiaaqnsm (Serial) wuv 12C [14]
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2.8.3 n5\¥ausia Arduino fuga Character LCD

1. NSLABNABLUVVUIY - 1WUNISIWouRe90 LCD  91AUUaSA Arduino  lasnse leeas

wUadu Weudewuy 4 Us waznisWoudauuy 8 Ua Tu Arduino azllsudiausauwuy 4 s

Wasanlsatasnin

2. Mal¥eussuuvaynsy - LunsWeseiuse LCD rulugauvaigluuunisideusionuae
LCD  anuuvawiuadunmsileussuuuduiildaedesndt wu n1sldluga 12C Serial
Interface azidunsiilugaioniinusiee LCD udlduesn Arduino Wouseiuueialuga

dulusiamea 12C vnlwldaneifies 4 idufaansavilintneudninataninunigoanula

99 LCD fin5i@auiuu 12C Msaisundnag1ainnisidoausanuy Serial 1Wuas LCD
555U AuwSaunuuese 12C Bus Nvilinisidulaasaindedutaziinisuiu VR

dmiuliuanuduveaninge dmiuguuuu 12C Wnlunisiveusieniu Arduino LgalA 4

(%
= o

21 (WUU Parallel 1416 1) Favilnldaulaitguag agmnuing@u dmsunisaadayaiun

311 Microcontroller aggnasanuiluguiuy 12C Iduesa 12C waruasarglnthninms

Toyalvieanunlusuiuuund (14]

A5199 2.2 RENYIFIVSUNITITBNABRD LCD wUU 12C N1 Arduino

Arduino LCD(120)
GND GND
+5 VCC VCC
Ad SDA
A5 SCL
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Ul 2.27 \WensavsLCDIAuUArduino [14]

2.9 99 OLED

OLED #9311210 Organic Light-Emitting Diodes @9 WIANIINVDITDMNANAUITU

ulugyuuupdeiuuruidunanulusdasuausovssiunzgle wazazamanialasu

&l lnedarshsininasisuiainianaisdunidnanunsaatuaslaiondlaleiu
wasulni Tnenlasiasiewes OLED azusznaumeansnsintlniimduvesuds shan

YanBun3ddnauuy Polymer uazlulanavuinidn dafinnumuifios 100500 u1luams
Wity (Unanddusavesni 200 W) uazeredduaTBunididussdusznavey 2 u3e 3
Hu Banszurunisitfagdunidansfaraogrhnmaasuasdun Boni Sidnlnsgiiuaeud
(Electroluminescence) nszurumsiana mazanduneunisvinnuiidudeuluunday u
sanmiluanaldsndudoddduas Back Lisht lunisansuasdiundasenwianuemiiou
na35il LCD 30 Plasma virru shilifiAnn1susevdnuadlugaiidudsn inszarlifidunis
asluissmswaaas vilianduddesduddangaiiliifauas Tudduasiduniaudauag
ponuNUUaILIAlagnse AnaNTRfINa1YIlANTUARINATNMUUY OLED Usenidn
wdnlaih waglinruuediunniumalulageenm LCD Aldmsdomas nistuas uaz
Udeeuasundoonumaniuviliiannim damniaguitegnuinmalulad OLED azliuas

wazdnauasavan Ussndandsnungn wazannsouananmluvagnvegnanlilaasela [15]
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2.9.1 las9d519999 OLED (huuiliansdunsdusenau 2 9u)

Cathode

Emissive
Layer (Organic
Molecules
Polyme

Conductive
Layer (Organic
Molecules or
Polymers)

Anode

Substrate

35U 2.28 TAsea319v0990 OLED [15]

v

1. Substrate LHUFURIMUNYBI00 N 8191191NNTEAN, Navemlany visanatafnla Javn

o ¢ A a o % o = |
mannaseavsenanasnlasgvililavenmiidainudanguas
2. Anode (Tu1n) vivae Tanlusala (Indium Tinn Oxide ; ITO) Wudviwindifadidnnsou

uazLiNIIWIU Hole Wledinseualvanugunsal

3. Organic Layer ya1nansUsenaudunid wielndesvetarssunsd lnagnuiseanidu 2
Jutiow 9 loun

L3 o £ {

3.1 Conducting Layer vianluanavesansduniofiiiud vimdhids Hole ves

S18ANTOUIIN Anode

L3 £ 4 k%4 a <

s o a Nea & A o A A
3.2 Emissive Layer 'Vnﬂ']ﬂillLaqa‘UaQaqsaUW58WL‘Uua NIRUINLAADUYUBLAANTD

14270 Cathode IpeduiidugunyilmannisiUaas

4. Cathode (¥7av) onvviaaeTaniusdlanselufls Fuegiuiinues OLED (Jusnimii

dwudidnnseu Wiedlnszualnanugunsnl
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2.9.2 wé’nmsﬁwmwaanizuaunﬁiﬁsﬁﬂiwsgmm%ué (Electroluminescence)

Conductive Emissive
Layer ayer

J. Electrical current flows from the
cathode to the anode through
the organic layers, giving
electrons to the emissive layer
and removing electrons from the
conductive layer.

‘%
« The holes jump to the emissive
:r and recombine with the

1o the holas, they
their extra cnergy as

d a a a
U7 2.29 nszudun1siindiaalnsgliiuiud [15]

1. 111999 OLED Sunasnulihainuvassieln agvinlinseualndiazluaain Cathode einu

Fuansdoun3gluds Anode lne Cathode avlsidlanasauundu Emissive layer
2. Anode agvimsasdiannseuludy Conductive layer limaauinidnun Whatdu holes T

3. 3e¥iN9%U Emissive layer War Conductive layer auLinUfifisen Electron (-) 53Ut
fiu hole (+) AW LB INBLANATOUN THAUNGIUTGINTT Holes FasioeanIzAuraIndau

maa&ﬁﬂmsauan FanszuIUlled NaziinnIsAmENEIIUEIUIAUaNUN %QL‘TJUﬂWiLUE{\‘]LLﬂG

29NN199NT1NWOLED

v v
= v

dmiudvenasiusingesnunrzdusdiveiinveduianavesarsdunigludu

de‘d'alv

n

v
a6 v

Emissive layer #3lua® Full Color OLED axdlansdunignaviua 3 via lawn @158un3on

v i i
d A

wasduns, Wed uazdu (RGB) lawansiia 3 vilatigniafeusguuy OLED eawsuLAg)
el Anddum19 9 dUANNATNTMAINUTINUUIBNINITTUDY TUUTUIUUINTZ LA

Y

SLANATOU UINTNTLRANINLAIAZIAIUAIIININTUY F9UnR OLED  azldnszualiwn

Ussunad 3-10 Thad [15]
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v

2.10 97U3YNNYIVD

2.10.1 Vega, P. R. Jinyoung, A. Pham, N. Q. Wan-Young, C. 2017. “A Novel
Smartphone Camera-LED Communication for Clinical Signal
Transmission in mHealth Rehabilitation System.” in the 39th
Annual International Conference of the IEEE Engineering in

Medicine and Biology Society (EMBC), 3437-3440.

Tusuitvatuiilunisldmalulad nisdeansesuasluguiiniusadiusieiiens
mobile-Visible Light Communication (mVLC) dwsunsdeteyavesndiinainiviume
S2UU mHealth- rehabilitation. TUsunsL Mobile remote rehabilitation tutunislunis
USuugnanmnisinsnvesunnd sedurelsniesuarauiiniy Ingundlusunsunsauamal

Y & A iy, I & o e a I~ )
miaaﬂmaqmaLﬂuﬂszmuumqgmﬂmaqmulmsﬁuLﬁvaimaﬂmauﬂLﬂunm‘wmamiuﬂ,u
Frananimun sdudehliidussgelabifanisimunszuvaeaisnanisunngd aldidu
s d' "} 1 24 a d' :&" a d'

uns1e Wasdnaunsaldrulvigves protocol Toinalulagniseaisuuu RF FalinuLdes
fasreneuyedlunisldiuluszezen Wesndaduinguazinissuniuaeniu
uutnanlnin (EMI) szuundavedesnuuvyieldnaslugrunaueadiuls 1usinais

s

o (Y A A 1 [ 1 <
m‘m‘umiaamwlmﬂuaumw FEUINLYULYDT

[

nauld Avaunsaldednsuuviaioun

(smartphone)‘i’fauuamdﬂaﬁﬂ%a’maEJ'NL‘lf‘uphotoplethysmogram(PPG), electrocardiogram
(ECG) wag dygyrnunismelavzgnaarian LED uay Sumenaasauisviy 91nlaunsvinum

19d w3 local interface wag MAAsiznveya ntudsvayaludicloud ielvioglums

Y

Auavotnngsoly [16]

2.10.2 Mohana, K. Sudharsana, P. Dr.Gulam, N. A. Balaji, R. Logesh, S.
2018. “Audio Transmission through Free Space Optics using
Visible Light.” in International Journal of Scientific Research in

Science, Engineering and Technology(IJSRSET). 153-156.

szuvdeiudeyatewinandasuiduguuuunilwessyuvdeanslidaefiosnuuuin
Waldounegnaasgaiidatanssveinisueniu fliusnsnlddmiunisdedyaaiiiu
dunsLIaLazaIunsaas1alacmens LED wanugwmselalonawwes nannisiugiudmiy

msdsdyralumuagliiueiazmioununisdaiiusiinaisdase [17]
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ANNABIN SN UG T uLUuATIavigeluaTevesalulafunasnsvglvusans
Sumesidauarsmuennaiadunieg uiinisvensnietiesalwldfunisideunsuuy LAN-
to-LAN agiauuumun backhaul wuuldaewazou q dnunuafulusgelivgads anulsl

augatliniseniuii "revinludiaaving” gliusnisaesegluaniunmsandediui nsedns

IIAFMazALA

winevInunnduiiesdunisvesdymingwinty Ysznuiindreiuegludiu

2w veuaseviwsalilaiu mswensenesvinliegmluluesevrssaluihlasy

A197197 2.5 uansn1siUseudisy FSO nudedus LudAn1sHedns

Parameters FSO Optical Fiber Microwave Coaxial
Radio Cable
Installation Moderate Difficult Difficult Moderate
Data Rate Gbps Independent | Mbps Mbps
Security Good Very Good Poor Good
Connectivity P2P, P2P, P2P Short | Multidrop
P2MP P2MP Reach Short Reach
Short  And | Short
Long Reach | And Long
Reach
Maintenance Low Low Low Moderate
Spectrum Not Required Required Required
License Required

A gy A A < a 270 v Y v o1
madenusnidalauiigadenduaeadalouiniuas Ingladdelaudainael

oy
A

WUBSADISTILYBDD

launiigalunisdeansaisuas wanisyamersawlwivesiazaldingd

Wetadlunisnmelilivesiiieasieniswensedinyihlifansiuusumaasugha




34

v A - & o A aa o = 1% o aa
midenassrainalulagnauninudive (RAWIINTHoa1sMeATUANRINg ANy
seygnalnan1sdeans, 1ATeU1y RF-based dosdvwialng n1saeyuiiodedvdvs rau

Aud RFwaluladluaninsadsuruslanaziuuaisi 31dadu 622 wneds

'
+al

madenfanuAsmalulagiugiuvesatnlazneaiuns  guassanlugndnmemIa
ganguraaluunIs malulagneaunte1avisanainisuinlussusdu WAnlededninues

wuuAls 2 89 3 wnzded Jeibimsuawmandildumseseniidululsenn

Usensnduazaaienisiieniniiusedniamianae malulad FSO g1u78ANY
agantun1suilayninengn, anudanguraauuuming,AnmsIlunsAnALaZAIWANAN

(wasnislurivesaldansveinisinasaeaalwiuaseausn) [17]
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A5115ALHUNUY

3.1 N159NLUULAZES192935

Tunseanuuuiesdmiumsiudedoyatextuazdoyaidos  Jundeindauaauiu
an LED nasln 6 08 3 nasatasilnlgamanassulaady waduasofngauin 15.5
cm x15.5 cm WazRaLAAINaTaYs BUTENBUAILNIT 2 LUU AB 19955 TudsdoyaText

(% d

N Keypad 1935mssudsdaeyadygrandesinluna Mini MP3 fieusiudy Arduino

3.1.1 29a3n1siudedayaText 31 Keypad

4*4 keypad

]
EE(EE
s BE(E([C
£ §D§:_ =l ,l ¥ {; ,f;, D
i aw 1K B[]
GND Dii
GND Di0
GND ___l:__ Vi é:
‘ —_ u L
2 D1 2 DZ:& D3 :g __::; '
LE LEQM LED o X T e I I | :><:
! Arduino Uno r3

5Ufl 3.1 2993n1ndedayaText 91nkeypad

sAddeyaUsznauniY unasiuiauasanuaealED 6 vuIninfuay Keypad
wuudxd vimthidu Input Tunnsdedeya uaz 99 LCD wuv 12C vuna 16x2 Minnusiuiu

Arduino Lﬁa‘v‘hm‘;uﬁm%@gaﬁa'qaaﬂlu
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16°2 LCD

Solar Cell

JUN 3.2 3993maTudoyaText

2asmasuteyauszneumellfnmamessuLas fie waduasefindauia 155 cm
x 15.5 cm ez 1oTLM358 vimthiiiluasasuensdanuazuaminatayanivuiiuie

LCD wuv 12C U0 16x2 M191u53UAU Arduino

3.1.2 2993n155udetoyaidasinulagaMP37vineIus i UArduino

oiiq e

LED ] T

D2 %
= e o,

5
LED

OLED 128764 1C2

UM 3.3 29935nadetayaidesitulugamMpP3
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wasnndavesteyaidedsznausae DFPlayer Mini MP3 module Fululuga
A115ULaUMP3 199U AUArduino uag Amplifier PAM8403 N19zviminveneidss lne
IN15AIUANNISIAULINGIAIN Keypad WUU 4x5 Uavlanivainastuae OLED lavdwoys

(%
v

YUUANIURADALED

Solar Cell 5 v

sUN 3.4 2993n1a5udayadynaudes

v

duveInIAveNAt NI aFe UTeNouMisaaata inguaz 19959 a1 il

aganlneromauiImoINaly

3.2 YUADUNITVNNIUVD IS

dmsunssuiunisdeasteyanuuasluguiinmueniiuresasiunazds azds
|

Joya text uazdoyaidss iunasn LED Fadoinduniads ludwnuaduaseniingiu

AU Iﬂamvﬂum’sﬁwﬂu N1UW Microcontroller Arduino

dmniunindateya text azlinsnatouteyariu keypad i Toyadzailuds
Va3 Arduino UasnvziutayaiiiUssiiana avkaninatoyaenunfve LCD wasan

mstvunanlaativn D3 Wuvdddeya azdsdoyadudyyrunineasenuinia D3 udn

sondudarammalihi LED
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LCD Display

LED

Keypad [—>| Arduino A

LCD Display| | Arduino l e I Solar Gell

Lesaahnadl] | Elbebmniind )

JUN 3.5 unun nYaen1siudedaya text

[ 1 3

druveaninsuleya text avvhmthnsuteyar uwaduaseniing dewaluds lod LM
358 Faagyhuiveneduyrunlasuln dygranlasuasdudygiuninea laefi Output
ageanv1 1 vedled@aroidniuey DI vesuain Arduino uwazUsyulanaleyaiiuaia

Arduino waglandUayar1uae LCD

Arduino [ | MP3 Module |~ * Amplifier | LED
i
“j Y
Speaker {¢————me——oyAmplifier  |¢———— |Solar cell

JU 3.6 WNUNTWIBINITUdetay Al

dmsudiuvesnindateyaidss 3xUsEnaunly YoTa Arduino Vimthiiusziiana
JoyavesdyaaidesainsD Card Inaniglunisainistuiintdmasiadulndmps. 1l wae
dewialuds Module MP3 TngazsialugaiinnumiAmplifier PAM8403 agvintinilunisveny

Fyauldes wazsoOutputvosAmplifier WIAUKABALED laen13An-AUT0INaanLED 9z

AR
]
a

[ L P A 1% a
Julumudygyrandeaidionnun sgaunigs

PNUUILHUHATAALAID TR NINUINTULENINLED wagvin1sulasdyaauunasl
Wudyaradnihdewinuludees Amplifier Negatgludilng iiverinsvenedyaunlasu

A

Tadanudaau wargavineazuanmavestoyaldoaunaslasuumiuaiing Inediszeynis

- a va o Yo
@nansusyungd 1-2 meimaqquﬂlﬂEJULaENbLﬂSUﬂLR)u
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A

59

Textlard s uULsya nal

AR

Insodouaslugrunmuesniududiogrelunsdeansdoua

—_

MO8 00l EON S Ui D OOl e Ny

e R e e
ON e nea NI A (O 6 D NI S e s ey

17.

dwiugunsalnldlunisvaass Usznaume

vaonl LED

Arduino

99 LCD 9u1A 16x2 Wuv 12C

Module DFPlayer Mini MP3

99 OLED wu1@ 128 64 wuu 12C vw1a 1.3 i
\WAALEID NS YUIR 15.5 @4 x 15.5 @1,
Uuna Keypad Y119 4x4 uag vue 4x5
UDIANAADS

anlng

srudsundaidly

. Ampifier PAM8403

. Oscilloscope

. AnUieas
A3esTRmnusn3as
. aeln

. MASNAES USTnaume

- AU 1 kQ
199571A5U UsEnausme

- AU 220 Q

- FAUNIY 8.1 kQ

- fdumuUsuala 50 ke

- leduas LM 358

yaonln LED &ung

3 )

2 U

1 o)

1 U

1 WEI

1 YU

3 UDsA
1 §7

1 Ju

i 67

1 RS04
1 RN
1 GERN
1 o)

2 Glo)

1 o)

i A

1 A
2 lo)



3.3 YUABUNITAILRUNISNNADILALUUTINKE

1. f92995N1AdufuLrasIe linazsalasnIASuAUa LNg

JUT 3.8 fiaveasniAsuiuanlng

40



2. vnmsUeuteyar1ukeypad

gﬂﬁ 3.9 nakeypad Uaudaya

3. vinmmeaesiudseyalaeiuiousyugsenineniaiulazningd

UMl 3.10 WaguszezinnIsaaes

yivn e 4
¥ g masn
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4. VNNAIN AV USENINTLIENNISADENS

JUN 3.11 2sdsiavandlunisnaaes

o 1%

I 3 P . U e
5. LAUNANNIINAADIAIY LATDN OSCIllOSCOpe IUﬂ’]’i‘U‘LWIﬂSUﬂZUEU’Im“UEN‘U

U LA 7]

pua anviiees

éww%ui’mmmaiwLLazLﬂ%aﬁmmmﬁu?{ﬂwmﬁaﬁqLLazﬁﬁusﬁaga

L¥ee

UM 3.12 1A384 Oscilloscope, dnillngs uaziATIInANGAUHE



uny 4

NAN15238uazN15AUS1gNa

4.1 HaNIINARRY INNTFUEIUBYA text

[

-] vV A 1 1 1
nsnaaeufudyyiavesdoys text  Aidewinainkeypad  WIUNIIAAGS
= = U a = v v vy a v - v = i o
Wiguiguiu dyginineasniasulasu Tnedaninwindeunuansieiy favaen LED il
lunisnaaesdivunn 6 a6 12 Tiad dmsuaniuivinnmeass fie 199313 91A159WINTEM

Japanuall AnrInemans aaiduwalulagnszasundilinnumisatansedl

4.1.1 Han1sMAaee 31nn1sTudedoya text aveldviasnduasadisuasiiuas

IUNIUINNATYUDN

dmu Channel 1 Awualidudwgiaminniededaya wag Channel 2 Avualv

Judygramnniaduteya Jsvihnmsneasdlaedouszeznidlunsdoasauanseiu lne

| &

naWihMsMARBdagi 16.00 U. - 19.00 U. Fuduns 71 13 WouAAN W.A.2562

-

fiuin -
- imimi

Ak,

JUN 4.1 yannassiudedana text Melavasadng

Awanaledeues LED fifnlsannddsdoya = 18413.3300 LUX

F]’)’mﬁ’)'NLQ?ilEJ?JBQ?%QLL’JWéIBN =360.0000 LUX
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5UN 4.3 (n) nii19809n1aTuNsEes 10 cm (¥) %199v401ATUNSEE 85 cm

] o @ ' o 1% Sl
A19199 4.1.1 Wisuriieudg1vaen1age (Channel 1) md‘lwagawmmaw 1" 210
keypad fiu daysy10uva9n1aiu (Channel 2) lngagniglaviasadinauasiiasuniauain

APUBN

AMLAINURREYDINATU (LUX)

1661.1112

Umax(l)= 2.96V

Time 5.000ms @ 150.8:

SUT 4.3.1 538% 20 cm




a5

50 24000

P

Umax(l) = 2,96V

CH1= 2,80V Ho= Time 5.000ms @+48.00

gﬂﬁ 4.3.2 5282 40 cm

2400y

e

Umax(l)= 2.96V

CH1= 2,60V LH2= B Time 5.000ms ©-65.40ms

AUAINRREVDINIASY (LUX)

493.3333

ST/

L)

Unax(l)= 2,96V

CHi= 2.0V  [Mipe Time 5.000ms ©@»21.80ms

£ B 240mv

Time 5.000ms @ 106.4»

fgﬂ‘ﬁ 4.3.5 5283 85 cm

262.2222

255.4444




a6

] il.

4.1.2 WNanNISNAABY 31NN155UEIUaYA text N18laviasndbasadnaasdina

Y

SUNIUINNTBUDN LaziiasRnvelUSInasiIsenIneseeeN1en1saoans

dmsudsinunslusauasiiinisnnaed Ussnaumeunulalusauas,weulalusauasd
Weauazdung (i nlseasy annsedy) laeszneiundwediinuilinssesiinans
U9458¥N3HRAT 1ABLIaIINITMIAGe%EYN 16.00 W. - 19.00 W. Tuuns 1 13 wguniAu

W.A.2562

1. fd9fnvnelusaandy urula IANUNLIveIENATIN = 4 mm

JUN 4.4 yanaaasiudetoya text nuwniulalusauas meldiasadng

ANUEISLRAsRe LED ﬁ"’;’ﬂlﬁﬁnﬂﬁ’adﬁay‘a = 18413.3334 LUX

ANUEINLRAEDIFWINEDI = 360.0000 LUX

JUN 4.5 niivavesniags



a7

(n) (v)

5UN 4.6 (n) wii199U09n1ATUNSEEE 10 cm (V) #U19938901A5UTISERZ 65 cm

=] = g ] = ‘ y
A13197 4.1.2 Wisuiiey deysu1avaenags (Channel 1) eszlu%aagawmma‘u 1’ am
keypad iU deyy1uve9n1ATU (Channel 2) Tngagnieldviosnduasainaazines

& aa A '
IUNIUITNNNTYUBDN sUQﬁJﬁ\?ﬂﬂ‘U?']\?Lﬂu LLN‘Lﬂﬂ

A211@7319a890901A5 U (LUX)

12855555

Time 5.000ms

31]17'; 4.6.1 528% 20 cm
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ANUEATRABYINATY (LUX)
418.8889
sUfl 4.6.2 5282 40 cm
3 £ 0 3200V
B 288.8889
A
2688 (77
U7l 4.6.4 5282 65 cm

2. fasRaulusaanduwiuladiden Jaunuivesdinaeing = 0.15 mm

JUN 4.7 yannaseiudedaya text nuwsulUsuasdides neldvedaing



49

tivlals

3;,‘;"," yrpt o

LA A

SUN 4.8 B1IN99V89N1AEY

Y

()

JUT 4.9 (n) 1i199989A1ATUNSEEE 10 cm (V) W129URIN1ATUNSEEZ 60 cm

= o ) ' = ciad,
A15797 4.1.3 WiBuiigy dygyrivaeniagds (Channel 1) %aLﬂusﬂ'aagawuﬂaLaw 1" 1N

=

keypad U dyay10uv89n1A3Y (Channel 2) Tpgagaiglaviasnaiadadinuasings

& Ao o & ' o o
FUNAUIINANYUDN YIUFINAVILUY LLNualﬂﬁHJEJ'J

sUdy ey ANATIINLAAEUDINIATU (LUX)

F B 320aV

1282.2222

ogy HZ=) Time $.000ms &

SUT 4.9.1 528 20 cm
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ANNEINLRABUDINIATU (LUX)

a27.7777

Y

287.7777

Time 5.000ms ©-75.2¢

31]17; 4.9.3 538% 60 cm

3. fasnnvalusaandu ueuladues daununueddannving = 0.15 mm

JUT 4.10 yamaaeasiudetoya text Auuruluseusduas nneliviesadng



AmaiiaRdBYes LED fiimlsanddsdoya = 184133334 LUX

mma’jmaﬁlammﬁmmé’au = 360.0000 LUX
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3
u

U

i
N

(n) (v)

4.12 (n) %19199U9901ASUNTZEE 10 cm (V) N1 VDINIASUNSLEL 50 cm
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A1519% 4.1.4 Wisuiiey dygrauveniads (Channel 1) Faludoyanuieay ‘17 37n
keypad AU deyay1uveen1Aiu (Channel 2) Tagagarelivesniiuasadnatasua s

& da a ' o
5Uﬂ?u@qﬂﬂqauaﬂ%quﬁQﬂﬂw’JqﬂL‘f]u LLNUIﬁﬁLLﬂ\’

mma'jmaﬁaﬂuaqmﬂ%u (LUX)
952.2222
Umax()= 2.96V
CH1= 2.08V
il ] 328.8888
Umax(l)= 2,96V WU
CHi= 2.00V LHZ- Bvelsiily Time 5.800ms @ 18.400s
AR AAAAAA U Sy y 3‘20.'(21 2955555
Umax()= 2.96V
CHi= 2.0V L 200 Time 5.008ms -
UM 4.12.3 5288 50 cm
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4.1.3 HANTINARBY 3INN155UAITBYA text nelavasiiawazlifinassuniunn

AgUaN

lngawihnismaaesegn 19.00 u.

5UN 4.13 yanaaesivdetoya text nelvioedn

AmiEIaRdEYes LED fiinldanddedons = 186866667 LUX

ANEINVBIEUINADN = O LUX

3UM 4.14 wihasvenads
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(n) ()

JUN 4.15 (n) wiavanIATuNisses 10 cm (2) wieuainATunszes 45 cm

=] I~ o ' é PR
M990 4.1.5 LU%EJ‘UL‘WEJ‘U duurnuuedn1ags (Channel 1) %ﬂtﬂu%’aa&awmma‘u 1" 91n

Y]

keypad iU deysy1auv9n1asu (Channel 2) Tnvaganeldvasdauazlaiiinassuniuain

aguan

AANEINLRAYVDINIASY (LUX)

£ O 320mU 1482.2222

Unmax(l)= 2.96

CHi= 2.80V CH2= Tine 5.0008ms
JU# 4.15.1 5282 20 cm
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A
N
ol
ee
o
ee
N
o
3

£ 8 320my

Bl

B ERA=1EL5 R

Umax(1)= 2.96V
CHi= 2.0V Time 5.0806ns -72

5UM 4.15.3 sveg 45 cm

AUAINRREVDINIASU (LUX)

3011011

21 N2827

4.1.4 Han1sNAaee NN155udetaya text nelaviesliauazlaifinassunuain

APUDN WASHAINAVI1IUSWEINTENINTZYTNINI5T 08T

Ausuadanauinalusaaasnyinn1smease Usenaunlgwrulaluswas, e ulalusaad

Weakazdnd RNsulseiasy a1anszds) IneagneiuniavesdenauinelinssesAnans

V835¥E¥NNIARANTIALLIAYIININARBIBEN 19.00 U. - 20.00 U. JuFuNs 7 13 NouAAY

N.A.2562

1. ZFannvnalusanandu wrula daunuivesdnauing = 0.4 mm




U 4.16 yanaaasiudedoya text nmeldviasdin Auusiula Tusuas

AwERABYe LED Tiimlsainmddeya = 18686.6667 LUX

AINEINNVREILINADN = 0 LUX

(n) ()

U 4.18 (n) wivavesniAfuiiszey 10 cm (¥) wi9vRIN1ATUNSE 38 cm

56



S

A15199 4.1.6 WiuWiey dgyeyinvesniads (Channel 1) Fududayanuisias ‘1 970

v o

keypad U dyg1nuven1ATU (Channel 2) Tagagneldesiinuazlifiuaesuniuann

4 da o <, '
neuan Felidesnnvadu wuula

AMUEINNRABVDINIASY (LUX)
20 1343.3334
Unmax(l)= 3.84V
CHi= 2.00V Mabis  260m! Time 5.000ns &»-33
A AP ALTAAAAA ol 8 320mv
; L o 478.8889
Unmax(l)= 2,96 A
CHi= 2.80V (LHZ 260mY Time 5.000ms ©>33.20us
P
3U% 4.18.2 5282 30 cm
8 320my
£.8.2m 310.0000
Umax(l)= 2.96V
CH1= 2.00V MaEs 200 Time 5.000ms ©»-55.40ns
5U# 4.18.3 5z8% 38 cm




2. fiAsnavelUsanandy uiuladiden Saunuive9dannudne = 0.15 mm

5UN 4.19 yannaasTudeataya text AuukulUsInasdites aelddasia

ANUaTuRdees LED ﬁi’ﬂlﬁmﬂﬁaéﬁa;&a = 18686.6667 LUX

AUAINNUDIANNNAN = 0 LUX

35U 4.20 ni19998901A6s

58
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(n) (v)

5UN 4.21 (n) wi9ven1A3URszes 10 cm () wihaewainasuisses 38 cm

dl =l = -4 d ¢ y
15790 4.1.7 WIYUWeU duunvasningad (Channel 1) szlatflu%'aadaummaﬂ 1’ 91N

v @

keypad AU dyay1nuasn1afu (Channel 2) Tnsadneldfasiiauazlifiudssuniuain

2 A o < ' aa
NBUDN YIWFINAV19LUY uNlﬂﬁaLmﬂq

AINET1RBVBINIASU (LUX)

923223

Time 5.000ms @-27
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AUAINRAYVBINIASU (LUX)

Umax(l)= 2,96V

CHi= 2.808V

416.6667

Umax(l)= 2,96V
CHi= 2.e0V

r

Time 5.980ms © 123 .6ms

sUfl 4.21.3 5388 38 cm

347.7778

3. fasnaualusaandy wiuladuns danununveednaeing = 0.15 mm

JUN 4.22 ganaaasiudidaya text Auunulusuasduns neldosdin
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[

ANEINLRAEE LED ﬁamlﬁmnﬁadﬁaaﬂa = 18686.6667 LUX

AU NNVDIEIINADY = 0 LUX

5UN 4.23 wi3aveInInga

(n) ()

JUN 4.24 (n) wii1aveen1asuiszes 10 cm (v) nvevainIATUAszes 30 cm
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A15199 4.1.8 Wisuiey dyeyraivasninds (Channel 1) Fadudaganuisiay ‘1” 91n

keypad fiu deuay10uv29n1A3U (Channel 2) Tngagnnglaasainuazlaifiuaasuniuain

'
=

S aa < ' a
ANPUDN FINFINAVINNLUU LLN‘LﬂaﬁﬁLLﬂ\?

AUAINRAEVDINIASU (LUX)

10111112

Umax() = 2.96V
CHi= 2.80V MipE 200mY Time S5.000ms &-74,00ms

871.111%

Umax(l)= 2.96V
CH1= 2.88V [M2PER 208my Time S5.000ms O dns

gﬂﬁ 4.24.2 538 30 cm

4.2 HanN1INANadY mnms%’ueia%’aaﬂa GER

'
IS %

nmsvaasafiudyaavesioya Wdes HdwnnaindAmplifier Anesauiu MP3

2

[ N

Module  HIUNIINIAE WIBUNBUAU dgy1aunaeasninsulasu Tnedianinwwindoud

LANFNNY F9MaeaLED NFluNTISNAaeILIuIn 6 a8 12 1nan dusuaniunyiinisnaass

Ao 94313 91AITMATAIREENYAIL AgIngImans aardualulagnssasundiinu

NITAINNTZU
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4.2.1 wWan1snaaes nn1siudedeya 1des  aeldvieenluasadnanasiive

IUNIUINNATYUDN

dmdu Channel 1 wunliludygrueinairdsdoyalasasdudyayiuuuy
AImea o ndyaasiiuiiAmplifier wag Channel 2 fwualidudyanaainaiasy
Ty Feinmeaedlagilauszezmslunisdeansiuandneiu Taeainisinaesey?

16.00 U. - 19.00 u. FuSsAs 71 14 WQuAIAL W.A.2562

JUN 4.25 yanaaasiudadayaides neliviasedng

Armainaades LED iinlsanddedaya = 127700.0000 LUX
ANLAIIALRABYREIAGEY = 360.0000 LUX
Aufaadseades finldandadedaya = 116.0000 dB

ANNUAILRAEYDUFLIFLINADN = 54.0000 dB
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o/

M15197 4.2.1 WIBuWigy dyeyruninaarainiads (Channel 1) AU dyuidIneaves

n1a3U (Channel 2) lngagngldnaaniuasadnaunaziiaesuniuainaiguen

pRUGRIATRTY ANAINLAAY ANARRIYDS

Y03N1ASU (LUX) n1ASY (dB)

£ 0 0.000 17333333 110.0166

Umax(l)= 3.84V
IFES 2.00V

S0 0:000 633.3333 108.4833

Umax(l) = 3.84V

Time 500.6us @ -800.0ns

390.0000 105.2666

Unmax(l)= 4.08V 7
iFE 2.00V 2= 208 Time 500.0us @-8

sUTl 4.25.3 538 150 cm
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Umax()= 3.84V Z
b:EE 2,00V H2= 20 Time 5008.8us &+-800.¢

5UN 4.25.5 328¢ 250 cm

PG RIATRNY mETILaEY AusRaY
P9901ATU(LUX) | 209n1AsU (dB)
ki e LG b 353.3333 102.0333
Umax(l)= 3,92V
(MIEEN 2.00U H2
5UN 4.25.4 528% 200 cm
ke 320.0000 99.8833

4.2.2 wan1Imnaee NMsdatasiudoya e Aelaviosnfivaeaineuasiings

SUNIUIINNTBUDN BATHAINAVINNIUTIHEINTENINTLEZNINNTHES

dnsudnavnadusauaaivinnisnaaes Usenaumlswnulalusanas weiulaluswasd

€ a o

Auna (nFmlsziass annszdy) wag nsvandnildudainigluies 313 91ansgrinsuady

anwall TAgagIeeIk Y0 9d9nnvl9 I Ns L8 NaNaNUeIsTYEn15a0a1s  1auLanyinnig

mmaaaagj'ﬁ 16.00 Y. - 19.00 u.

1. fdaRnvelusaady wiula danunuivesdifinene = 0.4 mm
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Adas ae

G
A

JUN 4.26 yannaesiudetoyaides Auunula nngldviasadng

AT RaEved LED ﬁi’ﬂlﬁmﬂéﬁdqsﬁaga = 127700.0000 LUX

ﬂfsmadmaﬁmaﬁammé’au = 360.0000 LUX

s

ANURLRALYeNFss TialaaIndidoya = 116.0000 dB

ANUANRALVDILELNAILINADY = 54.0000 dB

a o

A15199 4.2.2 1WSHULEU duey1umidneavainiags (Channel 1) AU deyquiunineaues

.
1 aa

na3u (Channel 2) 7 lagagnelaianiuaeadnuaziinasunILIINNIBUDN FITF

Anvnady weiula

pRUGRIATRRY ANAINLDAE AUFLRAY

Y04071A5U (LUX) YDINASU (dB)

£ @ 0.000 1177.5000 110.0500

Time 500.0us @

5Ufl 4.26.1 528 50 cm
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5 8 9.00

Umax(ll= 3.92V 3 20m
BNES 2,00V Time 500.0us @~

sUfl 4.26.2 538% 100 cm

Umax(l)= 4.,088Y
[o2FE8 2.00V 2= 200my Time S500.0us 124.480ns

SUT 4.26.3 5283% 150 cm

f 0 0.00V

Umax(1)= 4.80V
[HFER 2.00V 2= 200m Time S008.8us @ 17.40ns

5U#l 4.26.4 538 200 cm

ALY ANURILAE
YpIN1ASU (LUX) 8901A5U(dB)
412.5000 108.3833
307.5 104.8333
2925 101.0000
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U0 ANUAINLRAE AUGILRAE

Y29n1A5U (LUX) 29911A5U(dB)

£ 8 0.0 190 98.8666

Umax() = 3.92V
DIFES 2.00V H2=: 200 Time S00.0us &

5UN 4.26.5 szag 250 cm

2. fidaRnv U wandy wuuladuee TaNunuIU9EInae11e = 0.15 mm

JUN 4.27 yanaaesiudidayaides nuwiulusauasduns neldvioeaing

AwATLRABYe LED Aiimlsannsidedeya = 127700.0000 LUX
AnuEhaeAEYesdIIndeY = 360.0000 LUX
aruiaadsvendes fidaldanmdstoya = 116.0000 dB

ANUANLRREYDUFLIFWINADY = 54.0000 dB
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M13197 4.2.3 WIBuey deygiandneavainiags (Channel 1) fu dyainndnaaves
1Y) ' aa ' P 2L A a
n1a3U (Channel 2) Tagagngldnesntiuatadnuazinaisuniuainaiguan Saldme
Y219:0u whiuladuas
AUATIRAY AMUAILAL
29401A5U (LUX) | w99n1AsU (dB)
LB 1010.0000 110.6000
Umax()= 3.92V
Time S00.0us ©2-1.
&0 480.0000 107.9833
Unax(l)= 3.92V J
35BS 2.00V CH2:=" 200mU Time 500.0us @
2133333 104.2833
Unmax(l)= 4.88Y y
MIEEy 2.00V { 0 Time 500.0us @»22.58ns
5UN 4.27.3 528¢ 150 cm
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f B -89.0mV

Unax(l)= 3.84V 12
MIBER 2.00U  CH2= 206 Tine 500.0us G724

sUfl 4.27.4 538¢ 200 cm

AMUAINRRE

Y84N1ASU (LUX)

AUALRAY

Yp9n1AsU (dB)

166.6666

100.5333

i £ B -20.000

Umax()= 3.84V 212
MEEES 2.00V CH2=: . 200m\ Time 500.0us H23

sUfl 4.27.5 53¢ 250 cm

146.6666

98.2500

a

3. fasnnualusanas 1Wu nseanfanauds

JUN 4.28 yaneassiudedayaides Au nszandalaudan nieldvesadng



Tl

AWEaRAEYes LED Aiimldanndadstona = 127700.0000 LUX
AnuETRAgYBsEIndaY = 360.0000 LUX
AufaRdeades finldmnddideya = 116.0000 dB

ANUANLAAYVDNALNAININADY = 54.0000 dB

AN5199 4.2.4 1WSBULeU dyeurufdneavainiags (Channel 1) Av dygufiinaavas

L)

o ' yy da ' a 4 ag
A1ASU (Channel 2) Iﬂﬂagﬂ'}ﬂiﬂwa\ﬁ‘ﬂuuﬁﬂa'ﬁ'}ﬂLtagﬂLLﬁ\‘iiUﬂ')u*ﬂqﬂﬂqﬂuaﬂ YIUEINA

§ Ao

9219:0U nszanfaNaudan

sUdty AUAILRAY ANAILRAE

YBINIASU (LUX) 29901A5U (dB)

20 296.6666 109.7833

Umax(t)= 3,76V Iriaxd2) = 344m
MIEE 2.00V  CH2= 280l Tine S00.0us @+21.20ms

5UN 4.28.1 s28% 50 cm

5 @ -89.000 106.6666 103.0000

y Time 500.8us 6230 ,34ms
5UM 4.28.2 528 100 cm




(2

Unax(l)= 4,00V

CHi= 2.88V  [MipEm 206mU Tine 500.0us 2

4.28.3 55818 150 cm

fF 0

Umax(l)= 3.68V 1920
CHi= 2.88V (2= 203m! Time 500,0us &7.9

Unax(l)= 3,76V !
CHi= 2,88V (e3P 260mY Time S00.6us G 11

SUT 4.28.5 82 250 cm

1.36V

1.36V

AUAINLDAE

28901A5U (LUX)

AUAIRAE

Yp4NIATU (dB)

80.0000 97.8833
76.6666 86.9000
538 82.8000
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4.2.3 Han15NARe INMsauaziudoya (e aeliviesliauaslifiuaesuniu

AMNNYUDN

Imanmﬁwmimaaaasﬁ 19.00 . — 20.00 u. $uAs 7 14 NGUMAL WA.2562

ANEATIRAEYEY LED Ninlaannsidedeya = 127700.0000 LUX
AVUATIIVDIFMINGBN = 0 LUX
ANUANRfETeudss Nalaaniidtoya = 117.5000 dB

ANMURIRASVDNFLIAININADN = 54.0000 dB

M151991 4.2.5 WIBuLigy deygrauhdneavasniads (Channel 1) fiu duy1uATnaavee

n1a3u (Channel 2) Tngagnneliviasiinuaslifinassuniuainmeuan

sUdryayIu ANAINNLRAY ANALLREY
2371A3U (LUX) | v83n1A5uU (dB)

2.8 LA 1420.0000 115.8833

Upp(l)= 5.20V

CHi= 2.86V LHZ] 3 Time 588.8us &2-1.

gﬂ‘ﬁ 4.29.1 5382 50 cm
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Uppll)= S, 12V
CHi= 2,80V LHZ=

Upp(l)= 5.52V
CHi= 2.88V

Upp(l)= 5.12V
CHi= 2.80V

1.52V

Time S00.8us ©°6.760:

£ 8 152

Time S00.0us @ 13.%0ns

SUTl 4.29.4 5383 200 cm

AINEINRRY

293015V (LUX)

ANUAILRAL

99401A5U (dB)

420.0000 113:3335
206.6666 112:2833
116.6666 110.3833
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sUdnyy ANEINLAAY AUAILDAY

YINIASU (LUX) Y8IN1ATU (dB)

56.6666 107.3500

o0
Uppll)= 5.28U 188m
CHi= 2.80V Saam! Time 500.0us @ -560.0us

sUfl 4.29.5 53853 250 cm

4.2.4 WanIMAAY ANNITTUdITaya LHeg neldvaslianazlaifinaasuniuain

AMPUDN AL AINAVNUSILAINTENINISLUSNIINI5HBES

o 1%

Ausuasnavnaluswdsnvinnsnnaed Usenaumgsiulalusaas,wrulalusawasd

v

dums (MnSudsnasg aianszdy) way nszandedandan aaluvios 313 91AI9N T

=

28uanuall IReaI 19 NLNY9EINNY1 NS 82 AINa1NVRISLEENNSARATS  1agaIvin

mswmaaqagjﬁ 19.00 1. — 20.00 U, FusAT 7 14 WqWnAL W.A.2562

1. fasRnvnalusaaady weula fanumuiveddainuing = 0.4 mm
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ANUEILRAEYRY LED Ninlaansadateya = 127700.0000 LUX
AMUEINGVBIAINABY = 0 LUX
ANURLRAEYeLdss Minlandidsdoya = 116.0000 dB

ANMUANRALUDUFLIFIINADY = 54.0000 dB

ot

A19197 4.2.6 WUy dyeyiuninaarainiads (Channel 1) AU dyu1fdIneavas

o/ H 1] 1] é
n1A3u (Channel 2) #szez 50 cm Tngagarglavesiinuazlifinassuniuainaieuen &

aa a I '
fasnauau weula

sUAeyaa AUATNLAAEY AUGILDAE)

P9401A5U (LUX) 99911A5U (dB)

g8 Tty 1120.0000 114.6500

Upp(l)= 5,120 528
CHi= 2.00V  [(#ip= 2060m! 1.820ms

£8 1.5 330.0000 112.7000

Upp(l)= 5.20V
CHi= 2.80V L 200! Time 500.0us 0

5U# 4.30.2 5282 100 cm




Tl

(TS RSP
Upp(l)= 5.04V
CH1= 2.9

F 8

@1

Uppl)= 5,12V

CHi= 2.80V

fF 0

Urpl)= 5.12V {
CHi= 2.06V LHZ - Jslel Time S00.0us 4

5U# 4.30.5 528 250 cm

1.52V

1.36V

ANUENLRREY

983n1A5U (LUX)

ANUALRAL

29971A5U (dB)

156.6666 110:9553
83.3333 109.8833
50.0000 105.8166




2. fasRavnalusaaadu wiuladune danununveedianvine = 0.15 mm

JUN 4.31 yanaaasiudedaya fuusiuluseuasduns nreliviesdin

AT RAYYe LED ﬁ‘?ﬂié’mﬂé]’adﬁa;&a = 127700.0000 LUX

ANUAINVDIFIINGBL = 0 LUX
AUGLRRgTa e Nnlanndiditona = 116.0000 dB

ANNUAIRAEVDILFUNEAINADN = 54.0000 dB

M99 4.2.7  WIsULEY deyu1aufdneavadniagds (Channel 1) Av

28901A5U (Channel 2 lngagmelavasliauazlaifiuassuniuainniguan @

Wy whiuladung

L4

v

78

AtueuaLfAIPea

PP
UEAINAVINY

sUAtRI AINNEILAEY

P99071A5U (LUX)

AUAILRAEY

2824071A5U (dB)

£ L4 913.3333

T2

Upp(l)= 5.52V
CH1= 2.e0V HAPES 200 Time 500.0us ©@-5,760ms

sUTl 4.31.1 5382 50 cm

113.4833
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£ 0

Urpll)= 5,12V
CHi= 2.80V

£ 0

Upp(l)= 5,04V
CH1= 2,80V [ 200

Uppl)= 5,200
CHi= 2.80V LFEs 20 Time 500.0us ©*18.74ns

SU7l 4.31.4 5282 200 cm

1.52V

1.52V

AUAINNLDAY

8901A5U (LUX)

ANUAURAY

YBINASU (dB)

210.0000 112.3166
116.6666 A1W.2833
1515535 108.7833
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sUdty AUAINLDAE

Y09n1A5U (LUX)

AUAIRAE

Yp9n1A5U (dB)

36.66666

Upp(l)= §.28U f
CHi= 2,80V [ 5000l Time 500.0us ©

sUfl 4.31.5 5383 250 cm

104.2666

3. fasRnuelUTwas 1y nszanfadauden

a d o

5UN 4.32 yannaassudidayaides nunszananWdudan

nelaviesiina

AwanaeAeued LED fiinlsannddsdoya = 127700.0000 LUX

AUAINYBIAUINRDY = 0 LUX
ANURARAveddes Ninlnandideya = 116.0000 dB

ANMUALRAYVDILFLIAIINABY = 54.0000 dB
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M19197 4.2.8  WIBUWIEU deygyrauhdneavasniads (Channel 1) AU dygeuidnea
o/ ] 1 J Ql
29901A5U (Channel 2 lngagneldnasliauazlifiuaasuniuainaieusn Feiidanavng

Wu nszanfalauden

pRIGRTLTRNY ANEINRAY AUANLRAY

29971A5U(LUX) | v83n1A5U (dB)

P R 145.3000 109.4500

Fres(f)=10.00kHz Prd(l)=100.0us
CHi= 2,00V  [(MipE3 200mU  Time 500,0us @93.0080n

Ul 4.32.1 5382 50 cm

£ 0 1,36V
[ T2

58.0333 106.6667

Unax(l)= 3,92V 132
CHi= 2.00V (MRPER 260mY Time 500.0us ©@»-7.400ns

251555 907555
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pRGRIRTRRY ANNAIREEY AUAILRAE

29907185 U(LUX) Y9401A5U (dB)

i i 15.3000 95.2333

@ L Time SHE.8us ©

gﬂﬁ 4.32.4 s38% 200 cm

11.5000 90.9000

JE Bl

Time 566 .8us &4, Tolms

U 4.32.5 5583 250 cm

4.3 A15190UNNNANITNARDY

WURITNTUNNHNANISNARDINLEANIAIDASIAIUAINUAINVDINIASULALN1AFIAD
sTuEne veiloyatext wazveyaldes lnedlan muasineiy dmiunanisnnaesiuds
Uaya text utlumums9n 4.3.1 way 4.3.2 1 uag namaaessudlayaldes azduly

mm'mwﬁ 433 1lay 4.3.4

ANNEINRAYTRINATUTRYA

9NIIAIUANINATINRALVBIUAS (%) = b 00
ANUAINRGEYRINAITDLA
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A15799 4.3.1 §0518UAINFT19VBUEIARTEENIY duTunisTudedaya text aeld

MO ULEIFT19 A ULEITUNIUINNAYUDN

FLULTNN SAsnduAUAIINAEVBILEN (%)
semidadu | Liiidede | Asineonddusaas | dfavndusauas | Aiavnnaluss
wagdIas (cm) | 9 urula weeiuladigen uauHuladLeg
10 31.3359 20.1424 20.8061 14.0417
20 9.0212 6.9816 6.9635 51715
30 4.2420 315783 3.6386 2.7214
40 2.6792 2.2749 25935 1.7861
250 2.1300 1.8404 1.8585 1.6051
*60 1.7258 1.5689 1.5628 -
*65 1.6770 1.3999 - -
70 1.5447 - - -
80 1.4240 - - -
£85 1.3877 - - -

* fiszey 85, 65, 60 waz 50 tluszoznnasuaunsneudoya text lagnsioanas

A19197 4.3.2 BNTIEIUAIINETINVBLADTTEEN dmTunsTudedaya text aeld

t% I (=]
‘VIEN&IG]LLEI$13J3JLLH\3’§Uﬂ’Ju‘\)’1ﬂﬂ’IEJ1JEJﬂ

INIIFIUANUFINLRAUVDILAS (%)

SLYLNN
3ijtamsu Lfiasin | dsfinvnadusuas | Ffnvndusuas | adauansluse
Laggliadichy PN unila IAPIGERT wasuHuladumg
10 5315355 19.3424 12.8434 9.7038
20 7.9319 7.1887 6.3800 5.4108
*30 2:0351 2.5627 2.2297 1.9859
*34 2.1035 1.9433 1.8611 -
*38 1.7339 1.6589 - -
40 16113 - - -
*45 1.4567 - - -
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* fiszez 45, 38, 34 waz 30 Wuszezfinasuaunsasudeya text lagnaeiege

M15197 4.3.3 8as1dauANEdNvanEDTEEEN dmunisiudidoya (dee aneld

799N ULLAIEIN9LAZULFITUNIUINNABUBN

ILULNN SmsdumNLEIIaRETaLA (%)
I [yiddeAaenn | TReAevnaluss | fasawan | SaeRevalusouas
uazfFes (cm) waaluudula | Tswaadu | Junszanfefidud
uruladuLa 20
30 29757 1.5935 1.8924 0.5633
40 2.1143 1.2823 2555 0.3262
50 123342 0.9220 0.7909 0.2323
60 0.7830 0.7067 0.6055 0.1853
70 0.7830 0.5364 0.5272 0.1305
80 0.6264 0.4365 0.4280 0.1044
90 0.6264 0.4091 0.3915 0.1018
100 0.4698 0.3230 0.3758 0.0835
110 0.4698 0.2916 0.3054 0.0783
120 0.3915 0.2819 0.2923 0.0678
130 03915 0.2682 0.2270 0.0678
140 0.3054 0.2505 0.1827 0.0652
150 0.3132 0.2407 0.1670 0.0622
160 0.2975 0.2407 0.1644 0.0574
170 0.2975 0.2368 0.1436 0.0574
180 0.2897 0.2368 0.1305 0.0600
190 0.2819 0.2349 0.1305 0.0574
200 0.2819 0.2290 0.1305 0.0600
210 0.2662 0:2231 0.1252 0.0574
220 0.2662 0.2212 0.1226 0.0574
230 0.2662 0.1977 0.1200 0.0600
240 0.2505 0.1859 0.1200 0.0574
250 0.2584 0.1487 0.1148 0.0574
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A19197 4.3.4 dnT1EIUAMNEINvBNERDITEZN dnTunisiudedaya Hee naeld

yosliauazlulinassuniuainniguan

FEULNN SasduANAII AR ED LA (%)
sy | Wifdsinenne | $asienanduse | Sadavans | SEdevanduseuas
IGELRGE waaduudula | Tswaadu | Dunszanfeilaud
(cm) unulading 20
30 2.8478 2.4641 1.8376 0.3688
40 1.6888 1.2190 0.9658 0.1471
50 1.1119 0.8770 0.7152 014377
60 0.7099 0.5612 0.4176 0.0985
70 0.5716 0.5116 0.3054 0.0868
80 0.4254 0.3315 0.2192 0.0643
90 0.3393 0.2740 0.1644 0.0597
100 0.3288 0.2584 0.1644 0.0454
110 0.2714 0.1983 0.1435 0.0373
120 0.2401 0.1879 0.1305 0.0289
130 0.1748 0.1540 0.1096 0.0264
140 0.1774 0.1461 0.1018 0.0222
150 0.1618 0.1226 0.0913 0.0192
160 k35T 0.0991 0.0652 0.0179
170 0.1331 0.0965 0.0626 0.0155
180 0.1070 0.0835 0.0626 0.0140
190 0.0991 0.0756 0.0574 0.0124
200 0.0913 0.0652 0.0574 0.0119
210 0.0939 0.0522 0.0443 0.0110
220 0.0835 0.0495 0.0391 0.0107
230 0.0783 0.0469 0.0339 0.0102
240 0.0678 0.0443 0.0339 0.0090
250 0.0443 0.0339 0.0287 0.0090
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£
1 ISy

AUl un1519TUTNNHANITNAADINLAAIA DR TIAIUAUAIUBILFLINN1ASUR B
-ﬂl 1 o 1 a = dl 1 % 7 dl
sruenne Muananasuaindluniiowndiva (dB) Inefaninuasfianeiu aenusinglumiss

7435 uaz 436

AUAILRAVDINIASUNIA LA

1Y} | ) a P
DRTIAIUANMUAIRALUDILEALN (%) = SR ; x 100
AUALRAYUDINIAEN

=] o ' % a o ' Yy de
MA197199N 4.3.5 9AF18IUAINUAIVDILTYINATIATULEAINAND ISUSNY ﬂ’?UIGWi'EJ\WIQJLLﬁ\?

#7919UAZALEITUNIUINNATUDN

ILYENN SasduauLaiy (%)
sewineiisu | iddienne | $Reianandluse | Taedeeane | SAeraluseuas
waz A wanduusula | Wiwaadu | WDunszanieiidud
(cm) uruladnng i
30 95.4023 95.9195 96.2356 95.3592
40 95.2729 94.9569 95.3592 94.8275
50 94.8419 94.8706 95.3448 94.6408
60 94.6408 94.5258 94.5546 93.2327
70 94.7701 94.4971 94.4252 92.3850
80 94.1379 94.0660 93.7356 91.4511
90 93.6494 93.6206 93.2471 90.2873
100 93.5201 93.4339 93.0890 88.7931
110 93.2183 92.9741 92.6149 87.1408
120 92.7298 92.6149 92.4425 86.7816
130 91.9109 91.7385 91.5660 86.5517
140 91.1637 91.1206 90.6465 85.6034
150 90.7471 90.3735 89.8994 84.3821
160 90.0000 89.9712 89.6120 83.6206
170 89.2385 89.2385 88.5775 79.5546
180 88.6494 88.5057 88.1034 75.6752
190 88.2758 87.7155 87.4137 74.9569
200 87.9597 87.0689 86.6666 74.9137
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ITYZNN SasduausLaiy (%)
FENINEAITU , , : :

o lufidgesnavne | Sdeinaneluse | Jasievneluse | DasAnvnelus s
o waaduudula | wasueluladuns | nszan@aWdudn
210 ST155 86.9683 86.6379 74.5546
220 86.6523 86.2787 85.9770 73.6925
230 86.4655 86.0632 85.4310 (115573
240 86.4224 85.4597 85.0862 113936
250 86.1063 85.2298 84.6982 TAESTAK)

= o ' o a oA o ' vy A 1
M19799 4.3.6 961918 3UAITNUAIVDILEAYINATATULEAINAFN D ILILNIN ﬂ']ﬂi@lﬁ@\?&lﬂl,kaglluil

WESSUNIUIINAIBUBN
ILULNNIZAIN SasdaLsLade (%)

fisuuagdads | lifdeRavine | fadinendduse | Saiarne | fAsieennduse
(cm) weatBuwsiula | ey | waadunszanda

unuladineg Wanden

30 99.2482 98.7659 97.6028 94.8652

40 98.7801 98.3404 96.8510 93.4042

50 98.6241 97.5744 96.5815 93.1489

60 98.0425 97.0922 96.2978 92.5390

70 973333 96.6666 96.1844 92.4397

80 97.2198 96.5248 95.9007 92.4113

90 96.5531 96.1985 95.6595 91.3049

100 96.4539 95.9148 95.5886 90.7801

110 96.2695 95.4609 95.0780 88.6808

120 96.1985 95.2907 94.7943 88.0141

130 95.8156 94.7943 94.5106 86.9503

140 95.5744 94.5957 94.0283 86.5106

150 95.5602 94.4113 93.8581 84.4539

160 95.1063 94.3546 93.4893 84.0425

170 95.0780 94.2411 933758 83.5177




88

FLYTNWIZNIN SasduAnuRaRdY (%)

MTuLayids Lifddin | Aiiavandluse | Aefnvnaduse | Eavanluieuds
(cm) 119 waluusiula | wasunuladuns | nszanfafauden
180 94.7659 93.8297 93.0496 83.4184
190 94.4113 93.5461 92.5957 81.2340
200 93.9432 93.5177 92.5815 81.0496
210 93.8865 93.5035 92.5673 80.3687
220 93.8581 933333 92.5531 80.2695
230 93.6595 92.8936 92.2127 80.0425
240 92.6099 92.3404 91.3049 77.9432
250 91.3617 90.0567 88.7375 77.3617

4.4 N3N 1ANAISUUNNNANITNAAD

L L 1 L2 1 1 A 1
Junisuaninsmuaniprnduiugsening §nsndiuniuainsadevoase
szggne dwmsunisdideya text 9NeTITUNNNENITNARDIN 4.3.1 sy 4.3.2 Waglu

ANNLAIALANAIINY

NULAAIANUAUNUSITNINT DATIAIUANUAIINRASVDILAIRD

YUgNEMSUTUALaNa text aglanaeiiiasainuaziuasuniy

100
2 y = 4E-09x° - 1E-06x>+ 0.0002x" - 0.0145%> + 0.5684x> -11.733x + 104.45
= .
- X
- _y ==6E-07x° +0.0001x* - 0.0093x> + 0.3737x? - 7.6223x + 67.898
= :
< o y.= 2E-05x" - 0.0025x° + 0.1416x” - 3.6132x + 38.384
= N
_(_O Lo
EE 2 }Xx?;fn%..
Vad T ey
&=

1
0 20 40 6% 80 100
S28EN19 (cm
IRy a = lidFAnv19 U] E e—urUlEE ) e— i ladln

UM 4.33 NSINLEAIANUFUNUSTLNING DATIFIUAINNE TR AL VDILEIADTZIZNIY

e

o/ o 1

dmiunissudadoya text 91nA15199 4.3.1 Negneglavisniiuasadnauaziiuassuniu

ANNNYUDN
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s U L4 1 > ! 1 A 1
NFINLLEAAIAUANNUTTZIIN DATIAIUAIIUAINILRAYVDILEIHD

100 syavygdausunissudslinug text nlelevinsdianaylaifiuassuniu
g y = 8E-05x* - 0.0105x> + 0.5385x” - 12.514x + 114.58

_________________ y = 0.0005x - 0.0172x” - 0.4663x + 18.745
10, i Lt .......... y = 0.0043x? - 0.5595x + 14.865

""""

.........
Qo
o
X

......

DR SIEIUANUAIN
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S283919 (em)
s (] YR DI e LT AN AU | e A o G T R I V) S (1K)

4 4 (% 1

JUM 434 n9UENIANFNRLSTENTNANTIHIULRRAIUFTNNVDILEIADTLH NI

I '

dmsunissuds text 21nA197199 4.3.2 Redntelavesliaunazlaifinassuniuainanauan

Y

(%)

asusiolUily nTLERIAINAUNUS TE U8R TIAIUAINLAI VDA HDTLE ZN
é’m%’ums%’udﬁay)a WFed NAAnasNTUNHaN1IIAaeIN 4.3.5 uay 4.3.6 Feegluann

LASTILANENENY

NS AN AL ANTUS $21131999 518 IUANL AT DALV D ILLAIH 95EY 2N

dvisunsduaziutaya ey aelaresiuaainauazd watsundy

100

3 y = 8E-13x° - 8E=10%° + 3E-07x* = 6E-05x> +0.0068%% - 0.3994x + 10.284
(@) 5

L 10 Y = TEA13x5 - TE-10x° ¥ 3E-07x" - 5E-05x° +70.0054x% < 0.2974x + 7.1339
=

= ~ = 2E-13x° = 2E-10x° + TE-08x* - 1E-05x° + 0.0015%” - 0.0861x + 2.0787
= e
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NIINLEARIAIUAUNUSTENINTATIAIUANUAI AR UUD ILEIH D

szgene dwmTunisdanasiutoya Hes meldresiianayluiinassuniu

(%)
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ASINLLARIAINUFUNUTTENINDASIAIUAIUA AR BVDUF N NAIATU
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4x4 Matrix Membrane Keypad (#27899)

This 16-button keypad provides a useful human interface component for microcontroller projects.
Convenient adhesive backing provides a simple way to mount the keypad in a variety of applications.

Features

Key Specifications

Ultra-thin design

Adhesive backing

Excellent price/performance ratio
Easy interface to any microcontroller

Example programs provided for the BASIC
Stamp 2 and Propeller P8BX32A
microcontrollers

Maximum Rating: 24 VDC, 30 mA
Interface: 8-pin access to 4x4 matrix

Operating temperature: 32 to 122 °F
(0 to 50°C)

Dimensions:
Keypad, 2.7 x 3.0 in (6.9 x 7.6 cm)

Cable: 0.78 x 3.5'in (2.0 x 8.8 cm)

Application Ideas

Security systems
Menu selection
Data entry for embedded systems

Copyright © Parallax Inc. 4x4 Matrix Membrane Keypad (#27899) v1.2 12/16/2011 Page 1 of5



How it Works

Matrix keypads use a combination of four rows and four columns to provide button states to the host
device, typically a microcontroller. Underneath each key is a pushbutton, with one end connected to one
row, and the other end connected to one column. These connections are shown in Figure 1.

y
8o 3 321

Figure 1: Matrix Keypad Connections

In order for the microcontroller to determine which button is pressed, it first needs to pull each of the
four columns (pins 1-4) either low or high one at a time, and then poll the states of the four rows
(pins 5-8). Depending on the states of the columns, the microcontroller can tell which button is pressed.

For example, say your program pulls all four columns low and then pulls the first row high. It then reads

the input states of each column, and reads pin 1 high. This means that a contact has been made
between column 4 and row 1, so button ‘A’ has been pressed.

Copyright © Parallax Inc. 4x4 Matrix Membrane Keypad (#27899) v1.2 12/16/2011 Page 2 of 5



4 x5 MATRIX KEYPAD (c-YA-A-00237)

KEY SPECIFICATIONS
® |[nterface : 1x9 Female Header, Pitch 2.54 mm.

4x5 Matrix Membrane

®
® Cable Length 10.5 cm.
® Dimension Size : 8.5 x 7.3 cm.

10.5 cm.
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8.5 cm.
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Arduino Uno R3

Ground fmd AREF Serial transmitter and
pins |

Digital Inputs/outputs = s
receiver pins

ICSP for USB
interface

Reset button

ey -
~" beside a number

SRR of bin means it used for
USB Plug (5 V) PWM output

ICSP for

ATMEGA16u2- mu Atmega328

microcontroller
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microcontroller
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Analog Inputs

Power pins

INTRODUCTION

Arduino is used for building different types of electronic circuits easily using of both a physical
programmable circuit board usually microcontroller and piece of code running on computer with

USB connection between the computer and Arduino.

Programming language used in Arduino is just a simplified version of C++ that can easily replace

thousands of wires with words.



ARDUINO UNO-R3 PHYSICAL COMPONENTS

ATMEGA328P-PU microcontroller

The most important element in Arduino Uno R3 is ATMEGA328P-PU is an 8-bit Microcontroller
with flash memory reach to 32k bytes. It’s features as follow:

* High Performance, Low Power AVR
 Advanced RISC Architecture

131 Powerful Instructions —Most Single Clock Cycle Execution
32 x 8 General Purpose Working Registers

Up to 20 MIPS Throughput at 20 MHz

On-chip 2-cycle Multiplier

(0} (@) (0L (0)

¢ High Endurance Non-volatile Memory Segments

4/8/16/32K Bytes of In-System Self-Programmable Flash program memory
256/512/512/1K Bytes EEPROM

512/1K/1K/2K Bytes Internal SRAM

Write/Erase Cycles: 10,000 Flash/100,000 EEPROM

Data retention: 20 years at 85°C/100 years at 25°C

Optional Boot Code Section with Independent Lock Bits

In-System Programming by On-chip Boot Program

True Read-While-Write Operation

Programming Lock for Software Security

(0} (0] {0} 1(6).2 (O (O} OF {0} (¢)

* Peripheral Features

Two 8-bit Timer/Counters with Separate Prescaler and Compare Mode

One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture Mode
Real Time Counter with Separate Oscillator

Six PWM Channels

8-channel 10-bit ADC in TQFP and QFN/MLF package

Temperature Measurement

6-channel 10-bit ADC in PDIP Package

Temperature Measurement

Programmable Serial USART

OF OO OO 5HE W ORI E



Master/Slave SPI Serial Interface

Byte-oriented 2-wire Serial Interface (Philips 12 C compatible)
Programmable Watchdog Timer with Separate On-chip Oscillator
On-chip Analog Comparator

Interrupt and Wake-up on Pin Change

) (o) (6} (@) (0

e Special Microcontroller Features

Power-on Reset and Programmable Brown-out Detection

Internal Calibrated Oscillator

External and Internal Interrupt Sources

Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby, and

Extended Standby

QEEOTHO <O

e |/O and Packages

o 23 Programmable I/O Lines
o 28-pin PDIP, 32-lead TQFP, 28-pad QFN/MLF and 32-pad QFN/MLF

e Operating Voltage:
o 1.8 55V
e Temperature Range:
o -40°Ctog3C
e Speed Grade:
o 0-4MHz@1.8-55V,0-10 MHz@2.7 -5.5.V,0-20 MHz @ 4.5 - 5.5V
e Power Consumption at 1 MHz, 1.8V, 25°C

o Active Mode: 0.2 mA
o Power-down Mode: 0.1 pA
o Power-save Mode: 0.75 pA (Including 32 kHz RTC)



Pin configuration

(PCINT14/RESET) PC6 []
(PCINT16/RXD) PDO [
(PCINT17/TXD) PD1 []
(PCINT18/INTO) PD2 [

(PCINT19/0C2B/INT1) PD3 [
(PCINT20/XCK/T0) PD4 [
VCC [

GND [
(PCINT6/XTAL1/TOSC1) PB6 ]
(PCINT7/XTAL2/TOSC2) PB7 []
(PCINT21/OCOB/T1) PD5 [
(PCINT22/OCOA/AINO) PD6 []
(PCINT23/AIN1) PD7 []
(PCINTO/CLKO/ICP1) PBO [

0 N O WON =

©

10
11
12
13
14

28
27
26
25
24
23
22
21
20
19
18
17
16
15

1 PC5 (ADC5/SCL/PCINT13)
[ PC4 (ADC4/SDA/PCINT12)
1 PC3 (ADC3/PCINT11)

] PC2 (ADC2/PCINT10)

1 PC1 (ADC1/PCINT9)

] PCO (ADCO/PCINTS)
JGND

] AREF

1 AVCC

] PB5 (SCK/PCINT5)

1 PB4 (MISO/PCINT4)

] PB3 (MOSI/OC2A/PCINT3)
1 PB2 (SS/QC1B/PCINT2)
1PB1 (OC1A/PCINT1)

ATMEGA16u2- mu microcontroller

Is a 8-bit microcontroller used as USB driver in Arduino uno R3 it’s features as follow:

High Performance, Low Power AVR

e Advanced RISC Architecture

(6}(6) 110} (0]

125 Powerful Instructions — Most Single Clock Cycle Execution

32 x 8 General Purpose Working Registers

Fully Static Operation

Up to 16 MIPS Throughput at 16 MHz

* Non-volatile Program and Data Memories

[Ofal0) (0L (OF o)

8K/16K/32K Bytes of In-System Self-Programmable Flash
512/512/1024 EEPROM

512/512/1024 Internal SRAM
Write/Erase Cycles: 10,000 Flash/ 100,000 EEPROM
Data retention: 20 years at 85°C/ 100 years at 25°C
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Optional Boot Code Section with Independent Lock Bits
In-System Programming by on-chip Boot Program hardware-activated after reset
Programming Lock for Software Security

e USB 2.0 Full-speed Device Module with Interrupt on Transfer Completion

(O} (0} - (0F (e} (O

O

Complies fully with Universal Serial Bus Specification REV 2.0
48 MHz PLL for Full-speed Bus Operation: data transfer rates at 12 Mbit/s
Fully independent 176 bytes USB DPRAM for endpoint memory allocation
Endpoint O for Control Transfers: from 8 up to 64-bytes
4 Programmable Endpoints:
— IN or Out Directions
— Bulk, Interrupt and Isochronous Transfers
— Programmable maximum packet size from 8 to 64 bytes
— Programmable single or double buffer
Suspend/Resume. Interrupts
Microcontroller reset on USB Bus Reset without detach
USB Bus Disconnection on:Microcontroller Request

e Peripheral Features

O

O OREQ OGO

One 8-bit Timer/Counters with Separate Prescaler and Compare Mode (two 8-bit PWM

channels)

One 16-bit Timer/Counter with Separate Prescaler, Compare and Capture Mode(three 8-
bit PWM channels)

USART with SPI'master only mode and hardware flow control (RTS/CTS)

Master/Slave SPI Serial Interface

Programmable Watchdog Timer with Separate On-chip Oscillator

On-chip Analog Comparator

Interrupt and Wake-up on Pin Change

* On Chip Debug Interface (debug WIRE)

e Special Microcontroller Features

(0} o) (0L (0]

Power-On Reset and Programmable Brown-out Detection
Internal Calibrated Oscillator

External and Internal Interrupt Sources
Five Sleep Modes: Idle, Power-save, Power-down, Standby, and Extended Standby

¢ |/0 and Packages

O
O

22 Programmable I/O Lines
QFN32 (5x5mm) / TQFP32 packages



e Operating Voltages
© 24 =55V
e Operating temperature
o Industrial (-40°C to +85°C)
e Maximum Frequency
o 8 MHzat 2.7V - Industrial range

o 16 MHz at 4.5V - Industrial range

e Pin configuration

24[] Reset (PC1 /dW)

23[] PC6 (OC.1A / PCINT8)

22[] PC7 (INT4 / ICP1 / CLKO)
21[] PB7 (PCINT7 / OC.0A/ OC.1C)
20[] PB6 (PCINT6)

19[] PB5 (PCINT5)

18] PB4 (T1/PCINT4)

17[] PB3 (PDO / MISO / PCINT3)

)
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2e
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o ©

0w oot
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XTAL1[] 1@
(PCO) XTAL2[] 2
GND [] 3
vee [ 4

(PCINT11/AIN2) PC2 [] 5 TQFP32

(OC.0B /INTO) PDO [] 6
(AINO/INT1)PD1 [] 7
(RXD1/AIN1/INT2) PD2 [] 8
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OTHER ARDUINO UNO R3 PARTS

Input and Output

Each of the 14 digital pins on the Uno can be used as an input or output, using pinMode (),
digitalWrite(), and digitalRead() functions. They operate at 5 volts. Each pin can provide or
receive a maximum of 40 mA and has an internal pull-up resistor (disconnected by default) of
20-50 k Ohms. In addition, some pins have specialized functions:

o Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. These
pins are connected to the corresponding pins of the ATmega8U2 USB-to-TTL Serial chip.

o External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a
low value, a rising or falling edge, or a change in value.

o PWM:3,5,6,9,10, and 11. Provide 8-bit PWM output with the analogWrite() function.

o SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI communication
using the SPI library.

o LED: 13. There is a builtzin LED connected to digital pin 3. When the pin is HIGH value,
the LED is on, when the pin is LOW, it's off.

The Uno has 6 analoginputs, labeled AO through A5, each of which pravide 10 bits of resolution
(i.e.1024 different values). By default they measure from ground to 5 volts, though is it possible
to change the upper end of their range using the AREF pin and the analogReference() function.
Additionally, some pins have specialized functionality:
e TWI: A4 or SDA pin and A5 or SCL pin. Support TWI communication using the Wire
library.
There are a couple of other pins on the board:
e AREF: Reference voltage for the analog inputs. Used with analogReference().
e Reset: Bring this line LOW to reset the microcontroller. Typically used to add a reset
button to shields which block the one on the board.



ARDUINO UNO R3 SCHEMATIC DIAGRAM
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| DFPLayer Mini

1. Summary

1.1 .Brief Instruction

DFPLayer Mini module is a serial MP3 module provides the perfect integrated MP3, WMV hardware decoding.
While the software supports TF card driver, supports FAT16, FAT32 file system. Through simple serial
commands to specify music playing, as well as how to play music and other functions, without the cumbersome
underlying operating, easy to use, stable and reliable are the most important features of this module.

1.2 .Features

Support Mp3 and WMV decoding

Support sampling rate of
8KHz,11.025KHz,12KHz,16KHz,22.05KHz,24KHz,32KHz,44.1KHz,48KHz

24-bit DAC output, dynamic range support 90dB, SNR supports 85dB

Supports FAT16, FAT32 file system, maximum support 32GB TF card

A variety of control modes, serial mode, AD key control mode

The broadcast language spots feature, you can pause the background music being played
Built-in 3W amplifier

The audio data is sorted by folder; supports up to 100 folders, each folder can be assigned to 1000
songs

30 levels volume adjustable, 10 levels EQ adjustable.

Yo NN NN V.V V.V

[
W

.Application

Car navigation voice broadcast

Road transport inspectors, toll stations voice prompts

Railway station, bus safety inspection voice prompts

Electricity, communications, financial business hall voice prompts
Vehicle into and out of the channel verify that the voice prompts
The public security border control channel voice prompts
Multi-channel voice alarm or equipment operating guide voice
The electric tourist car safe driving voice notices
Electromechanical equipment failure alarm

Fire alarm voice prompts

VVVVVVVVVYY

Y

The automatic broadcast equipment, regular broadcast.

2. Module Application Instruction

2.1. Specification Description

Item Description

1. Support 11172-3 and ISO13813-3 layer3 audio decoding

MP3Format 2. Support sampling rate (KHZ):8/11.025/12/16/22.05/24/32/44.1/48
3. Support Normal. Jazz. Classic. Pop. Rock etc
UART Port Standard Serial; TTL Level; Baud rate adjustable(default baud rate is 9600)
Working Voltage DC3.2~5.0V; Type :DC4.2V
Standby Current 20mA
TOperatmg 40~+70
€mperature
Humidity 5% ~95%

Table 2.1 Specification Description



DFPLayer Mini

2.2 .Pin Description

/b

Figure 2’. 1

No Pin Description Note

1 vVCC Input Voltage DC3.2~5.0V;Type: DC4.2V

2 RX UART serial input

3 TX UART serial output

4 DAC R Audio output right channel Drive earphone and amplifier

5 DAC L Audio output left channel Drive earphone and amplifier

6 SPK2 Speaker- Drive speaker less than 3W

7/ GND Ground Power GND

8 SPK1 Speaker+ Drive speaker less than 3W

9 101 g T e Pkl Short pretsos (tj(;cprleaayssrve(:/liuol?]se()long press
10 GND Ground Power GND

11 102 Trigger port 2 Short pres?niiep;:z/ 3(?]):11121)0% pressto
12 ADKEY1 AD Port 1 Trigger play first segment

13 ADKEY?2 AD Port 2 Trigger play fifth segment

14 USB+ USB+ DP USB Port

15 USB- USB- DM USB Port

16 BUSY Playing Status Low means playing \High means no

Table 2.2 Pin Description
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16 x 2 Character LCD

FEATURES

» 5 x 8 dots with cursor

« Built-in controller (KS 0066 or Equivalent)

» + 5V power supply (Also available for + 3V)

» 1/16 duty cycle

- B/L to be driven by pin 1, pin 2 or pin 15, pin 16 or AK (LED)
» N.V. optional for + 3V power supply

MECHANICAL DATA ABSOLUTE MAXIMUM RATING
ITEM STANDARD VALUE UNIT ITEM SYMBOL STANDARD VALUE UNIT
Module Dimension 80.0 x 36.0 mm MIN. | TYP. | MAX.
Viewing Area 66.0 x 16.0 mm Power Supply | VDD-VSS | -0.3 - 7.0 v
BoliSize & il UL Input Voltage vi 3| - | vo | v |
Character Size 2.96 x 5.56 mm NOTE: VSS 0 Volt, VDD = 5.0 Volt
ELECTRICAL SPECIFICATIONS
ITEM SYMBOL CONDITION STANDARD VALUE UNIT
MIN. TYP. MAX.
Input Voltage VDD VDD = + 5V 4.7 5.0 518 v
VDD = + 3V 247 3.0 5.3 \%
Supply Current IDD VDD = 5V - 122 3.0 mA
-20°C = = -
Recommended LC Driving VDD - VO 0°C 4.2 4.8 5.1 \%
Voltage for Normal Temp. 25°C 3.8 4.2 4.6
Version Module 50°C 3.6 4.0 4.4
70°C = = -
LED Forward Voltage VF 25°C — 4.2 4.6 \%
LED Forward Current IF 25°C | Array - 130 260 mA
Edge - 20 40
EL Power Supply Current IEL Vel = 110VAC:400Hz - - 5.0 mA
DISPLAY CHARACTER ADDRESS CODE:
Display Position
i1 2 3 4 5 6 7 8 Qui0el- 28 A8 20142415 16
DD RAM Address [ qg 01 OF
DD RAM Address | 40 | 41 4F

Document Number: 37217
Revision 01-QOct-02

For Technical Questions, Contact: Displays@ Vishay.com

www.vishay.com
31



LCD-016M002B
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Vishay 16 x 2 Character LCD
PIN NUMBER SYMBOL FUNCTION
1 Vss GND
2 Vdd +3Vor+5V
3 Vo Contrast Adjustment
4 RS H/L Register Select Signal
5 RW H/L Read/Write Signal
6 E H —L Enable Signal
7 DBO H/L Data Bus Line
8 DB1 H/L Data Bus Line
9 DB2 H/L Data Bus Line
10 DB3 H/L Data Bus Line
11 DB4 H/L Data Bus Line
12 DB5 H/L Data Bus Line
13 DB6 H/L Data Bus Line
14 DB7 H/L Data Bus Line
15 A/Vee + 4.2V for LED/Negative Voltage Output
16 K Power Supply for B/L (OV)
DIMENSIONS in millimeters
3.55
2.95 10.6
0.6
0.55
- DOT SIZE
L)
0|9 4|
3£ﬁo
80.0+0.5 & BT
Ay pENEEE
4.95 71.2 e
7.55 66.0 (VA)
12.45 56.2 (AA)
8 B8 |80 P2.54* 15 = 38.1 H1 MAX 9.7 MAX
% a F| 7| R 3.0 1.8 16 @ 1.0 PTH : Q H2 5.1
| i o Al |
PHIWIATIII L THE 4 (
— > © ; ] =18
0 Km : ©
o —~ = -
1ol S '
sla S gsell (1] N
& e gl [T NERRNR
= .
@( > c ] =[]
e o — 4 |
401.0 40.55 _, J 4-@ 2.5 PTH _ 1.6 1.6
2.5 75.0 | 4935.0PAD _EL OR NOBIL
LED - H/L B/L
HIGH LOW
H1 13.2 121
H2 8.6 75

www.vishay.com
32

For Technical Questions, Contact: Displays@ Vishay.com

Document Number: 37217
Revision 01-0ct-02
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128 x 64 Graphic OLED
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FEATURES
e Type: graphic
» Display format: 128 x 64 dots B
RoHS

Built-in controller: SSD1306BZ

Duty cycle: 1/64

+3 V power supply

Interface: 6800, 8080, serial, and I12C
Material categorization: for definitions of compliance
please see www.vishay.com/doc?99912

COMPLIANT

MECHANICAL DATA ABSOLUTE MAXIMUM RATINGS
ITEM STANDARD VALUE UNIT STANDARD VALUE
Module dimension 26.7 x 19.26 x 1.65 e SYMBON MIN. MAX. I
Viewing area 23.938 x 12.058
. Supply v?ltzage Vi 0 4
Active area 21.738 x 10.858 for logic (@) v
mm

Dot size 0.148 x 0.148

: Supply voltg)g(;z? Ve 0 15
Dot pitch 0.17 x 0.17 for display
Mounting hole n/a Operating temperature Top -40 +80 o

Storage temperature Tsta -40 +80

Notes

(1) All the above voltages are on the basis of “Vgg= 0 V".

(@ When this module is used beyond the above absolute maximum
ratings, permanent breakage of the module may occur. Also, for
normal operations, it is desirable to use this module under the
conditions according to section 6 “Electrical Characteristics”. If
this module is used beyond these conditions, malfunctioning of
the module can occur and the reliability of the module may
deteriorate.

ELECTRICAL CHARACTERISTICS
STANDARD VALUE
ITEM SYMBOL CONDITION UNIT
MIN. TYP. MAX.
Supply voltage for logic Vop - 2.8 3.0 3.3
Supply voltage for display Vee - 10 12 15
Input high voltage Vi4 = 0.8 Vpp - Vooiro v
Input low voltage Vi = 0 - 0.2 Vpp
Output high voltage VoH - 0.9 Vpp . Vooro
Output low voltage VoL - 0 - 0.1 Vpp
50 % check board operating current lcc Vec =12V 9 10 12 mA
OPTIONS
EMITTING COLOR
YELLOW GREEN RED BLUE WHITE
- - - Yes 1

Revision: 14-Dec-16

1

Document Number: 37902

For technical questions, contact: displays@vishay.com

THIS DOCUMENT IS SUBJECT TO CHANGE WITHOUT NOTICE. THE PRODUCTS DESCRIBED HEREIN AND THIS DOCUMENT
ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT www.vishay.com/doc?91000
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INTERFACE PIN FUNCTION

PIN NO. | SYMBOL FUNCTION
Reserved pin (supporting pin)
1 NC (GND) | The supporting pins can reduce the influences from stresses on the function pins. These pins must be connected
to external ground.
2 82’; Positive terminal of the flying inverting capacitor negative terminal of the flying boost capacitor
2 Cip The charge-pump capacitors are required between the terminals. They must be floated when the converteris not
used.
5 CiN
Power supply for DC/DC converter circuit
6 VBaT This is the power supply pin for the internal buffer of the DC/DC voltage converter. It must be connected to external
source when the converter is used. It should be connected to Vpp when the converter is not used.
7 NC NC
8 v Ground of logic circuit
=3 This is a ground pin. It also acts as a reference for the logic pins. It must be connected to external ground.
9 v Power supply for logic circuit.
2b This is a voltage supply pin. It must be connected to external source.
10 BSO Communicating protocol select
These pins are MCU interface selection input. See the following table:
11 BS1 12C 3-wire SPI 4-wire SPI 8-bit 68XX parallel | 8-bit 80XX parallel
BSO 0 1 0 0 0
BS1 1 0 0 0 1
12 e BS2 0 0 0 1 1
13 cst Chip select
This pin is the chip select input. The chip is enabled for MCU communication only when CS# is pulled low.
14 RES# Power reset for controller and driver
This pin is reset signal input. When the pin is low, initialization of the chip is executed.
Data / command control
This pin is data / command control pin. When the pin is pulled high, the input at D7 to DO is treated as display data.
15 D/C# When the pin is pulled low, the input at D7 to DO will be transferred to the command register. For detail relationship
to MCU interface signals, please refer to the timing characteristics diagrams. When the pin is pulled high and serial
interface mode is selected, the data at SDIN is treated as data. When it is pulled low, the data at SDIN will be
transferred to the command register. In I2C mode, this pin acts as SAO for slave address selection.
Read / write select or write
This pin is MCU interface input. When interfacing to a 68XX-series microprocessor, this pin will be used asread/
16 R/W# write (R/W#) selection input. Pull this pin to “high” for read mode and pull it to “low” for write mode.
When 80XX interface mode is selected, this pin will be the write (WR#) input. Data write operation is initiated when
this pin is pulled low and the CS# is pulled low.
Read / write enable or read
This pin is MCU interface input. When interfacing to a 68XX-series microprocessor, this pin will be used as the
17 E/RD# enable (E) signal. Read / write operation is initiated when this pin is pulled high and the CS# is pulled low.
When connecting to an 80XX-microprocessor, this pin receives the read (RD#) signal. Data read operation is
initiated when this pin is pulled low and CS# is pulled low.
Host data input / output bus
These pins are 8-bit bi-directional data bus to be connected to the microprocessor’s data bus. When serial mode
18t0 25| DO to D7 is selected, D1 will be the serial data input SDIN and DO will be the serial clock input SCLK. When 12C mode is
selected, D2 and D1 should be tired together and serve as SDA,;; and SDA;, in application and DO is the serial
clock input SCL.
Current reference for brightness adjustment
26 IRer This pin is segment current reference pin. A resistor should be connected between this pin and Vgs. Set the current
lower than 12.5 pA.
Voltage output high level for COM signal
27 VcomH This pin is the input pin for the voltage output high level for COM signals. A capacitor should be connected between
this pin and Vgg.
Power supply for OEL panel
28 Vee This is the most positive voltage supply pin of the chip. A stabilization capacitor should be connected between this
pin and Vgs when the converter is used. It must be connected to external source when the converter is not used.
29 v Ground of analog circuit
L5 This is an analog ground pin. It should be connected to Vgg externally.
Reserved pin (supporting pin)
30 NC (GND) | The supporting pins can reduce the influences from stresses on the function pins. These pins must be connected
to external ground.
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PAMS8403
FILTERLESS 3W CLASS-D STEREO AUDIO AMPLIFIER

i mcleo Ri®» OR AT E D

Description Pin Assignments
The PAM8403 is a 3W, class-D audio amplifier. It offers low THD+N, Top View
allowing it to achieve high-quality sound reproduction. The new SOP-16
filterless architecture allows the device to drive the speaker directly, —
= : : y 1 = CT116
requiring no low-pass output filters, thus saving system cost and PCB
area. 2 [: **j 15
With the same numbers of external components, the efficiency of the 3 [T X 5 =i 4
PAMB8403 is much better than that of Class-AB cousins. It can extend 3 >
the battery life, which makes it well-suited for portable applications. o IR g g =] 13
AN
The PAM8403 is available in SOP-16 package. 5 [ ré_ 2 =2
=
6 = 111
Features
g 7 LN 110
° 3W Output at 10% THD with a 4Q Load and 5V Power Supply
e  Filterless, Low Quiescent Current and Low EMI Bakl )] i )

o Low THD+N
e  Superior Low Noise

Efficiency up to 90% Applications

S Eiaran Frotoctiog e  LCD Monitors / TV Projectors

S et ohuown e  Notebook Computers

° Few External Components to Save the Space and Cost A Potiable SpeaKers

5 fio o Package ° Portable DVD Players, Game Machines

° Cellular Phones/Speaker Phones

Typical Applications Circuit

Efficiency vs Qutput Power
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. ®
VoD o+ PYDD. 80 i
— : i al Ny P
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i ] (S B :E;nup T. £ 2 pr ( =40
| e | 0 y £ & R=40
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PAMS8403
Pin Descriptions
Pin Pin i
N bae N Function
1 +OUT_L Left Channel Positive Output
2 PGND Power GND
3 -OUT_L Left Channel Negative Output
4 PVDD Power VDD
5 MUTE Mute Control Input (active low)
6 VDD Analog VDD
7 INL Left Channel Input
8 VREF Internal analog reference, connect a bypass capacitor from VREF to GND.
9 NC No Connact
10 INR Right Channel Input
11 GND Analog GND
12 SHND Shutdown Control Input (active low)
13 PVDD Power VDD
14 -OUT_R Right Channel Negative Output
15 PGND Power GND
16 +OUT_R Right Channel Positive Output
Functional Block Diagram
VDD PVDD PGND
L il
VDD/2
INR . | DRIVER JoUT_R
MODULATOR [ -OUT_R
..... : 5
S s — M| THERMAL
=| |3 PROTECTION
=z -4
= m
MUTE ; g
e INTERNAL BIAS AND
A2 0SCILLATOR REFERENCES “’T VREF
o
ol |2 1
SH z|l |8
2l 0sc J v
~ m
o CURRENT
PROTECTION
MODULATOR | L,
INL L | DbRIVER HOUTL
B Hemzlt] -OUT_L
VDD/2
— i
GND PVDD PGND
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Absolute Maximum Ratings (@Ta = +25°C, unless otherwise specified.)

These are stress ratings only and functional operation is not implied. Exposure to absolute maximum ratings for prolonged time periods may
affect device reliability. All voltages are with respect to ground.

Parameter Rating Unit
Supply Voltage 6.0 o
Input Voltage -0.3 to Vpp +0.3V
Operation Temperature Range -40 to +85
Maximum Junction Temperature 150
Operation Junction Temperature -40 to +125 °C
Storage Temperature -65 to +150
Soldering Temperature 300, 5 sec

Recommended Operating Conditions @Tta = +25°C, unless otherwise specified.)

Parameter Rating Unit

Supply Voltage Range 2.5t05.5 Vv

Operation Temperature Range -40 to +85 &

Junction Temperature Range -40 to +125 °C
Thermal Information

Parameter Package Symbol Max Unit

Thermal Resistance (Junction to Ambient) SOP-16 B4a 110 G

Thermal Resistance (Junction to Case) SOP-16 Buc 23
PAMS8403 3of 11 Novermber 2012
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PAMS8403

Electrical Characteristics (@1a=+25°C, Vop = 5V, Gain = 24dB, R, = 8Q, unless otherwise specified.)

Symbol Parameter Test Conditions Min Typ Max Units
Vbb Supply Voltage 25 5:5 \
Vpp = 5.0V 3.2
THD+N = 10%, f = 1KHz, R_ =4Q Vpp = 3.6V 1.6 W
Vpp =3.2V 1.3
Vpp = 5.0V 2.5
THD+N = 1%, f = 1KHz, R_ = 4Q Vpp = 3.6V 1.3 W
Po Output Power gD 22 0:89
Vpp = 5.0V 1.8
THD+N = 10%, f = 1KHz, R =8Q Vpp = 3.6V 0.9 w
Vpp = 3.2V 0.6
Vpp = 5.0V 1.4
THD+N = 1%, f= 1KHz, R_. =8Q Vpp = 3.6V 0.72 w
Vpp = 3.2V 0.45
Vpp = 5.0V, Po = 1W, R = 8Q f=1KkHz 0.15 %
THD+N | Total Harmonic Distortion Plus Vpp = 3.6V, Po = 0.1W, R_ = 8Q 0.11
Noise Vpp = 5.0V, Po = 0.5W, R, =4Q 0.15
f= 1kHz %
Vpp = 3.6V, Po = 0.2W, R| =4Q 0.11
Gy Closed Loop Gain Vpp = 3V to 5V 24 dB
PSRR | Power Supply Ripple Rejection xiﬁ zsg‘gz‘;p& AiGIogRded : :Eg':z :22 dB
Cs | Crosstalk H) = S A RESNCRESHRD [ [~ 1417 -95 dB
Gy = 20db
SNR Signal-to-Noise Ratio Vpp = 5.0V, Vorwms = 1V, Gy =20db | f=1kHz 80 dB
" o V\Cl,-)tﬁ E'i,(i\/d:tr;puu;s AC-Grounded ;lf)v\/:i\;vri:i;tmg 128 MY,
Dyn Dynamic Range Vpp = 5.0V, THD = 1% f=1kHz 90 dB
g RL =8Q, THD = 10% 87
n Efficiency f=1kHz %
Ry =4Q, THD = 10% 83
Vpp = 5.0V 16
la Quiescent Current Vpp = 3.6V No Load 10 mA
Vpp = 3.0V 8
IMuTE Muting Current Vpp = 5.0V VmuTe = 0.3V 3.5 mA
Isp Shutdown Current Vpp = 2.5V to 5.5V Vsp = 0.3V <1 pA
i in-to- PMOS 180
Rosy || s Ins = 500mA, Vgs = 5V e 0 mQ
fsw Switching Frequency Vpp = 3.0V to 5.0V 260 kHz
Vos Output Offset Voltage ViN =0V, Vpp = 5.0V 10 mV
ViH Enable Input High Voltage Vpp = 5.0V 1.5 1.4 7
ViL Enable Input Low Voltage Vop = 5.0V 0.7 0.4
ViH MUTE Input High Voltage Vpp = 5.0V 15 1.4 v
ViL MUTE Input Low Voltage Vop = 5.0V 0.7 0.4
(())I:-DI 8::: IZSZZ:ZIE:: :;c;ttee(::: No Load, Junction Temperature Vpp = 5.0V 13400 X
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Solar Cell 1esa1€ierad 5V 400mA 2W 155*155mm

Totusediu v 5v nszurvaan 400mA

mini Solar panel

size 155*155mm

Max work voltage:5V
Max work current: 400ma
power: 2W
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