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lAvimmans Wedeanisuendiunds vesinguuviesin lasdiuuinld

= « 4 . ) = v oA 1 =
WWIAUAR L30msInanyieain (Celestial  Sphere) Favanafisanansaiindaiasiiyn
gudnanaluga 8833 uavingrieaiheinedined vulmsanaui Sruenedugudgnsvestan
oanluwunsenau viesi1 naulug MUsnguunsnauiesi Send idugudansioin
(Celestial  Equator) inlvigidanaiugnaudnanvemsanauviosin 2snaulveifiogseuay
dunasendt iduvaui (Horizon) dnmsseumumivesTigene vuviesianunsaduun
lamanosyuuiiy seuuiduraui (Horizon System) szuuidugudigns (Equator System)
syuuLiudmdURA (Ecliptic System) wawszuuunianfia (Galactic  System) luiitinssyy
sumsresneingagldsvuuiduraui Badussuuilduandiumia vasinguuvisainiy
1 =1 [ 1 e | o (] =l 5 =l

agmillavauiiiluszezmusuiniile uagegvinanndumiiiisuuuauiaantesiiesle
lnefisguuiiasiiduyouna (Horizon) 1uasnanluaivdnlreefiuntos ssuvliBenin daf-

a0 (Altitude, o ) unves@um (Azimuth, 4 ) [2]

cung?t?al
pole

) / ——=P"
celestial spring deqrees alanlg
equator equinox celestial equator

ecliptic

ecliptic
pole

south
celestial
pole

(i - http://www.sites.hps.cam.ac.uk/starry/armillmaths.html)
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Zenith

Celestial
meridian

Altitude

(1 https://pics-about-space.com/altitude-vs-azimuth-astronomy?p=1)
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o = a

Wuundinn Wdafapzdusen (B) auianauiifesn9oiiing wislnueinsoingly
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2.2.3.2 N13AIVANMURUNYDIUDINDS
° v Y] | ' =
1in1511e1 Rotary Encoder iunlduayeruAisanuniiensivaay

' ]
s

= o 1 A | o o =l = o 1 | 1
NANIN Lay G]’]LL‘WUG?J’QQﬂ']‘ELﬂaEJUﬁLﬁE)U"I?J’W'I']ﬂ’]iLU'SEJ‘UW]HUWWLL%UQﬂﬂiLﬂgauﬁﬂUﬂﬂ

= s

; @ o &
input Tneuann15¥i191uves Encoder iifail

WUlAnMas  ( Encoder )

]
= 1

Rotary Encoder Hdnwaituudunauiiunuegnseinans waziusunanazdl

| < $

< | 1 i3 o 1 1 o oy 1 1
(IR mnu,aaaﬂmiﬂaaam’m"l,ﬂlﬂummumnmﬁaﬂ%aaﬂ?waa slit GANATUNUIVDILNUNRN

1%
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! - o/ ot at @t - q' 8/ o s A:J
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YOI SLIT

311171' 2.6 u#@A9 Rotary Encoder

A o 2/ [l o o o n’:v e P = =
L:uamgumengum1’lmmunawyulﬂmmmua\1 Infrared MIUUIATULEN infrared 33

| o = 1 | W 0.8 Vo
LLadﬁmizwwﬂwuq (1 Ju pulse) MMTImzLaIHIUTDY slit Jainlvdeyanad out put Ued

YaTula infrared Tdnwuyity pulse Asguin2.7

OUTPUT lusaanoarinuyos SLIT

PULSE 91421 1 PULSE oUTPUT v raumagniia

= v
JUN 2.7 uann13a379 pulse Ues Rotary Encoder

o v & o oo A = o el =
U pulse  Aildoanunil auludanva¥dn motor myulufesrmuienseu Fus

o 2/ o A l U
asnsoAnlANngns Suauseudl motor miuly = §1udu pulse - ArrmasBunves
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2.3 1/1qvﬁmamsmuamazwﬂﬁam::‘uu

2.3.1 Hardware

2.3.1.1 Arduino MEGA 2560 board

1. aandAvasuasn

14 ATMEGA2560 1Tu MCU Uszduesa Run audl 16MHz 210 Crystal
Oscillator

256KByte Flash (a9aul? 4KByte @m3u Bootloader) / 8KByteSRAM /
4KByte EEPROM

9995UNITWAINNUIUASUAEATET C++ VD9 Arduino MINLUY Arduino
Mega 1l 100%

14.USB Bridge-upq FTDI 1Ua% FT232RL wiau Over Current Protection
dwiuRadedeas uaz Download Code Mnpavfneslivedn Tnsligos
Hiedoslusunsuainaisusn

On Board USB. Host(MAX3421) dwiuiionsie USB Device w3ogunsel
Android ADK

54 Pin Digital 1/0 1aeil

16 Pin Analog Input

- 14 PWM outputs

4 UART(Hardware Serial Port) wuu TTL Logic
1 Hardware TWI (12C)

I-Hardware SPI (up to 8Mbps)

AR PCB UR3A WAz FumLs Pin' Connector @199 mseriufu Arduino
Mega viavua yirlyianunsatlufiaaaldausuituasa Shield uwuusnegis

a citl 2/ ] o e L3 % Vcr’:u & =
nsanTuslgausuiuiy vesa Arduine Mega léviaviun lnsuasad

2UMM PCB Size 5.3cm x 10.2cm

sesfunsldeniiu External Supply fauuu AC war DC 9uia 7-12V Tng
\ienld Regulate wuu Switching 1A 1A (LM2575-5V) andlyymnidasainy
Soudefinisldnszuageq annsn uvdssreannedn Uss  Idlunsarld
nszualiiiiu 500mA Tasihaasdenunasiednlud® Insasdanisldlndes

270 USB laeanlud® Wailn1siaunasdnsainnieusnliveds
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2. Taseasauasa ET-MEGA2560-ADK

)

o 'OE %@ ﬁ;

?_xly Ejdmﬂmj ‘ ;}[g% ' 3-'?
L CRES B R

5UT 2.10 Tnsaad1auadn ET-MEGA2560

= llj 1 1 1 1;’ %) ! 1 5

® VUULRAY 1 AD ’U’)WE)LLWEN‘\]']EIIWLEWEN%’]HW]EJ‘lJE]ﬂ aﬁmsa'l,'z’ﬂmﬂmmaamam
WUY AC Uaz DC Wio12995 Bridge Rectifier wag Regulate WUy Switching

1 i A - = vV ] =l
1IanAIUIBUYRY IC Regulate adlalinnsfanszuaninglatlusged

A3 MAULIIAY Input 7-12V
® vineiay 2 \{Uutre USB Host dmiuitiensiafugunsel USB Device fnaq

o wanwan 3 {Wudhsi USB Device dmiuinsadoansiunaufiunes PC Tng
14 FT232RL 1{u USB Bridee lunsiousiaszninsmenfiames PC wag MCU
luvedn uazdsamnsald Wain wesn USB  (Juuwvasineliiuuesialase
Iagagd Poly Fuse 9u1m 500mA dwsu Jesiunisianssuaiuainnese
USB  #e uaziimmuiefisesdmiunsiadauunassng ieadumsldau
uvasdiean USB Uil External Supply lies Tnasaluslh Wnedle Taild
Mo External Supply vosaazldlnainwesa USB (Wuunasanglunisviieu
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ueiilefing se External  Supply 2sasavadululfumassnean External
Supply Loslngdnlugi

- LED +vCC Muansaanusilafinsaelnlifuuesn

- LED VEXT Muansanuziilofinisinelnein External Supply
wunelaw 4 Wu LED VEXT Tduamsannusdiofinissnelnidesan External
Supply
vunoiay 5 10U LED +veC Tduansanuzvsaumassnglwidns (+VCo) veq
voin lnale vesaldundsdnean External Supply AzuamnsanIuslaenis
1% LED VEXT uasLED +VCC-Aaainendoususiag usduefaldundedne
NN USB azlansaniuzlanenisiv LED +VCC Anainauipeniaiien
wiglay 6 +Uu LED Wansaniugaad RX was TX I msunananisiuds
Toyasewine uain ET-MEGA2560-ADK —fumeniiames PC Humianasn
USB
vueLay 7 Wy LED D13 ldwisunaasunisviiaiuved Bootloader uaz 14
VAADUNIT YNIUYBIUBIARINNTIAIVANTEY Pin - Digital-13  ¥inaude
Logic “1” g venyngueag Logic “0”
valaeiay 8 \uaindReset TdmsUds Reset Msinuresundn
vuglaw 9 Hutase AVRISPIEMUTUsINTY Bootioader Wity MCU
wiewad 10 WHuise Power
mneay 11,12 (Judase foueuaou Analog . A[0..7Juag Analog  A[8..15]
AIUEIPU

2/
s 1

WBLAY. 13,14,15 [ udadadyae Digital DO..71,0[8..13]uas D[14..21]

vineiay 16 1Jusheedeyayad Digital D[22.53]

3. ANANUAVRIFYYIUA99T0IUDTA ET-MEGA2560-ADK

RESET# 1Judtyayiau Input Reset w83 MCU vianuisiawiiu Logic Low Tag
qryeyI0d #RESET 5ﬂsgnﬂaurf;ma’lﬂ 2 unaa ABNaIng #RESET  nalu
Ua3A Waz 1Ndmyaya DTR ved FT232RL

+33 Vi fuumasdglnuun +3.3v Al#99n7995 Regulate 209 LM1117-
3V3 ansndnunseualigegn 500mA

+5V \hgaseundsdneliivesvesasenlulivudunatnunasiin 2 unds

Ao AWeTR USB wazain External Supply Tathaeuuasdnsliuesaann
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External Supply W1Ww14 Jack VIN Wiasdne +5V dawanain Switching
Regulate (LM2575-5V) awnsadienszudliasan e 1A urdnldundedne
1NWETH USB uvndedny +5v Hazanannwedn USB Tnensdlaeasiing wuy
Poly wum 500mA  setesiunsfinssuaiiuilotestuanudemeve
woin USB lasawdenseudldgeanlaiiiu 500mA Fuagfunis Configure fin
oAy FT232RL fae

+VIN 1l DC 7i3Uma7n Jack VIN(External Supply) Wik1UA"S Rectifier
waz Filter 10U DC wdh Trwnussduadenuswausssuiteuliiuuedn
19 Jack VIN

AO-AL5 48U dyeyad Analog Input WUU-ADC Suwaanuaziden 100m 3

16 Pin #111305uL599U Analog Input 16-0-5 VDC

a

00-D53 (HundtyayInd Digital  Ihput/Output —wuu TTL iivfanun 54 Pin
@

¥ o £ 4 d a
annsaldviwmidu Input ¥3e Qutput-AuATruAINTUSLNSY TRes

U Pin @nnsafumhitldenuiuied v s @alaen

1. 00-D1 gnassulildsimiidunesadea sounsy Rs232
(UARTO) Tnslshvinnnsidesidariy USB- Bridge wes FT232RL Liteldf Upload
Code-Tifuuasinuasdsaninsalivaae shinsodomssudidoyassuinsuese
Aupeuiunes PC e o D2-D13 anso TUsunssmiidu PWM vune

8 Um 4 14 Pin ¢

2.D14 a5 Wsuasuwinidy T3 dmivdatayaves UART3
TaRae

3,015 a@13715a Tsuasuminiiidy Bx3 dmiuiutayalviiu UART3
Tame

4. D16 awnsa Wsunsuntidu Tx2 ei’m%’ua"qﬁamvamaa UART2
Tavne

5. D17 @mnsn Wsunsunthidy RX2 dmiviuteyaliiu UART2
Tege

6. D18 annsn Wsunsumihidu Tx1 dmsudstoyaves UARTL

T9ee
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7. D19 @ Wsunsuwiidy RX1 dmiuiudeyalviiu UART1

laee

8. D20, D21 a1usa TUsunsumhidu SDA,SCL 994 12C Bus 484

12C Tame

® AREF Wudnyey i Analog Reference annnieuaniidesnistloulsiiu MCU
Famuusnd wds ATMEGA2560 ansalusunsulidenldusedugedaain
mululdeguilaganansadendu 1.1v vse 2.56V wio AVCC(+5V) Tagll
Tdudosounssfuswdaminaipueniiuvesasnuadideanisusesy
SdaiifimatinaeaniindnuEaianunsatouduussdudtadann

ABUDNNIUNIUT AREE T luiastasening 0-5v

® USB Host l#idendefugunsal USB Device w3o wounsesrilnulnglidn
USB-Host Lues MAX3421 iufananslunisiensessuitgunsal Us fu
MCU  ATMEGA2560 Gslutlaqiudinng a¥ha Library Susnaifuayuns
Weusebhiluysvenddautaddaumldiniuiuy USB Host uasuuy
Wousedugunsninaunsesviudedrldueunsootlnuiinds
FPUVUUANITIU V2,34 Wiegenaunsalinisiaiamie Google ADK ¢
urnwaupsastlnulisesiu ADK fatunsald ADB 284 Microbridge

winu bk

2.3.1.2 L.298N Motor Driver Board[4]
L298N 1lugaduneinosviln H-Bridge Fsdrulmajargniluldlunns

muANiAMILazAITITBwENeS FueninsamunLLwesliiain 2 Channel

WANNITVINNIUY

[ ]
L4 o o

2935 H-Bridge v04 L298N asdunszuaiiuones audaniivuaiisasiniiie
AIUANTIFANIY daummﬁwamama%ﬁ%gnmmuﬁm dyeyred (PWM - Pulse  Width
Modulation)

PWM ysngfis Msaiuaugiedamnyn1syieuuesdidnnseu

N15001lAS98519lAR Y89 Arduino

]
s

lAAN13vI9uYe Arduino SnsWauntuses uwidsldflasns library MiAeaTu

Ly = 4 & ot 0’.’) 2/ = = =:." 8/ dy
#7 L298N Dual H-Bridge Lwamurjmamasmuusﬂ%mummawizmﬂwuma‘lﬁumumumm
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amsoldlAn int dirthumbenPin(letter) dodniuiuAineaiidonld uAtRauisavhewla
pdagnisanaydaelidn L298N  Dual  H-Bridge maunnueimesldodaiuntssasdi
vaia Arduino Midenlduiiiunated wardideenisuiuainuiivesuoined
fas PWM ansalddids int  speedPin(letter) udadardniuiiuiidenld wmndeannsisdn
deldanu PWM gr1a5ananunsadeniivldaldnmsenissuan

AT MEGA  -PWM 2-13 ua 44-06 faao1vinmuns PWM Wiy 8 bit dae
fleridy analogWrite()

UNO-PWM 3,5,6,9,10 hag 11 éfmumﬁwwaa PWM 1918w 8 bit 6iae

et analogWrite()

ouT4

L BN

ouUT2 /
+12V.GND +5V n

. EEEEER .
NA PO NI N M TDRa

34 =<5 /89
JUA1 2:11 uansgasiBenuesto$nl 298N motor driver

F18azldsAUDIUDIA
1. Out 1: Yasredrlwveweinos A
out 2: Fessetnlwvawainos A
2. Out 3: Tassatrlwwasaimed B
Out 4: Yassiedalnvewened B
3. 12V: testnelWidssmawmed 12V (Aeldwaud 5v fa 35V)
4. GND: ffassolway (Ground)
5. 5v: desngliiAswened 5V wnfinisseliidssiives 12V ud destiazvimini

delvean 1Wu 5V Output asnsadelnaindesiiluidesuasa Arduino Lo
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6. ENA: Yamadyaiu PWM dwsulewmas A
1 ¥ = d‘ =3 (3
7. IN1: 9assadnuaadniieniuaufidnivemsines A

a

IN2: tinmodtyw maaﬁ]mwamumumma‘uawmmai A
8. IN3: 90958 ”muﬁy,maaﬂmwamuawmmwamamai B
ING: o350 ”ﬁy,mgmaaﬂmwammwmmwamaLmai B
9. ENB: ¥asmpdnyins PWM dmisuneawmes B
JwazPEaNIunAila
- Dual H bridge Drive Chip : L298N
- WS IaRAN - 5V Drive voltage: 5V-35V
- NITUAVDIFRINUADTA . 0-36mA
- nszuadiutiewes : grani 2A tileluamadife)
- maalnifgege- 25w
- UM : 43.x 43 X 26 NAGIUNT
- dhwifn - 26 A%
* i Power Supply 5V Tuf annsodnslieonangas 5V (edalkuese Arduino) I ile

salvidesdnnyey 12V

2.3.1.3 LDR ( Light Dependent Resistor ) [5]

= s 3 at 1 d" d o
ADRNINTUNIUUIUAIM U BENTIRN LSRR UAA WA UL LT
Iefiafiuasuinnnseny v1easusundnWlnsdamos (Photo  Resistor) vi3e Tnlaasusa

& o A o =& o o 4
1793 (Photo Conductor) (USIATUMIUNYINNTINE1S AR (Semiconductor) UszLnw
P o I3 & . L= = = al (3 .

waAleu-Falna ( €ds: Cadmium  Sulfide) v3auaniilondalus (CdSe  : Cadmium
elenide) SwsapesiniiniBudrsuszinnieiith eawavasuuwiuesfinilfidususes

wamevInNasiatu eenun
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(i - https://dir.indiamart.com/impcat/ldr-sensor.html?biz=10)

sUT 2.12 dnwauzues LOR vl

- A ’
ganinse iininga
BT .. Gl
i
s S,

TAARI MBI

nssilaalans

m U TN TR

(731 + https://wwwthitiblog.com/blog/6796)

SUN 2.13 LanaanuuelasIas19ved LDR

U

2
o @t

o | < a0 o v o o v =
NNgUN 2.13 duiivalduuidngdsimihadusidiuniulinauaziundsniu

& 4 =i

I o e I3 v = a =] ' =l vl [ o o o o 2
WUV UNTRIMLURENTY 2 U9 Beva9TvasiiuIneandneaiu LWudiwihiviwdng

1
LV Y Y Y ° w1 =]

wranuimunulas Wuidmsudeusanuinisusnusesonindildninsafiwiaefay

[ v o a

Wugrusiinuazgunsaldwsuvieviudadldivatsnuy

9%
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5,500A
100 + .
’f
— 'J
R 55| i
g i
1
il i axrluamia
g ot |
1
= H LDR wuumnnidigadalvn
o254 /
i
< 1
0 1 f } } + { } }
3 4 5 [ 7 8 9 10
Argandulludisnsan (10'10) LS
7,350A
100 +
E\S 75 L
(- ! )
o ! g LDR wuuwamdiendalun
7 50 + i
1}
=
-
&
=
£ = 1
<
0 i f } t t t

7 8 9 10

o L

1

1

3 4 5

AEnIAduSluEiansas (10'10) LS
2/

JUT 2.14 nsmluamsanulasielatna Tudaegeg LOR wa 2uvuidladiouiunylvesm

A

1. audAnIaulas

Ms¥iuwes LOR. iisseiniuarsieianiy baniliamnnsynuaslufiazaioven
wé’mu‘lﬁﬁ’uaﬁﬁmua;ajﬁﬂﬁ&.ﬁmiaaﬁuﬁLé‘nmau%ﬁ‘uwém nsiileafudidnnseudassi
unAwifuanditununslueranas Bsaimdnvesuasinnnsgnuunniyiils Ay
frumufiBsanasnneindy widlifuaanannsenuatu LOR AvEununsluves LOR
fgdigananlagazuie Anamsuniuneluses LOR ssdudadunndusuranudy
PaINERTNANNTENY

Tudureamnnszvutiuanzuadurienuerdulszanm 4,000 Ssansoy ( 1
Saanson WU 10w ) AeUsvannt 10,000 Ssansey whiuiialdld ( @resnauae
Wiule Tutauseuna 4,000 Ssamseu 3 7,000 Ssansen ) Fernudrmdutendufisaay
7 dleiisuiumsvauasgunsallauas Ussindu 1 uadlutasnduiifoglunaseriing uas
Navaealiuuuld uay uasainuaenvigosisawuife ve d1azAniinimenaiu 7 LOR
wwnovauathiigauds Afleguarsanuenedulaeialu LOR fainuandeudalriderls
souasiirusadulutag 5,000 191 Srensey Fsesiududiderluauiadinges dmdu

@ A aw oA @ v ol W P O e
vindameraunlimigaveaiulndidsaiuauenrauilfiaavesniauann ( mau
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LRy

1 A s = ¥ o dT s 2/ 1
TaoAu Bn2mdY Useanm 5,550 ssanseu ) Sanalavinduiadesinuas lundesdnegy
[ ° o ala '3 ' a | L w :
21 LDR 910 uaailandadlusnazldoninuenedulugiag 7,000 11 Ssansou Faluaglu

LB UNTNTARA

2. guiAnmalai

dasdusEnIeANAUIUYeY LOR Tunaeilidfinas fuvmeiifinas eraasiduld
faugl 100 1, 1,000 wh v3e 10,000 i1 ududsu udlagvihluwdaraudumuly
mmxﬂﬁﬁum%a@uﬂu Uszana 0.5 MW Fuly Tuiitimatineratululdinnnin 2 MW uag
TuvnugAfiuasanduusyanm 10 - 20 kw as WU o199zmdeiiiodiflevu wia laifdeviusle

nuwswugegalalaisiindl 100 Vuae idsgeydeettssiaUsyana 50 mw

kg
ATUMHNIY

nm

EECTTARTN 5 \/

WA

o 4 YR )
JUH 215 uanwaveansivdsuanuiduiadluviuividlady LOR
A 1 U C* U ﬂl g a = s
(n) NSUAULYAIANANNATUN UL DA UTLLAURLT U UATUR

() MstUBsuLUaIAIANUAUN TN BANNITLLAAR AT UTYTUlR

@ e [ o 4

'Y} wa 1 | o & A =
uonimilenndnuuzaniAnee atudaflidnogramiafiddyy Ae Usingnisald

o

|
o 1

NATUAINAY WLkawUAsuLUaeE9guNaY Faaggeegalalugui 2.15 &1 LDR sy

a1

wasvsindugetadu (n) pudumuasdmmuesluiuiiinnuduvesuagnanauviie

Ly v =3

= o & | - 4 = 0 % a o =
Wiga5EAUD198 ANuAumufazAee s ANTulUIuiertaufumuitualsaz duly
s 2 = 1 :Ju 1 al p 2 a s %] n' ¥ Y =
SYAUONBY udununiuarlungregseivinedaiunduiiniaetuludnudfaranawneglu
L2 § A = = o/ 1 7] [ o = L7 v u A %
JAUD19849 ndlaunulnusniuldrasivazluviuawdersud wivdulilufaudunas
o 2 d‘ v 1= 7] v = v a W 2/ I 5
usguanUasumilussAu 1edaiui ddlugd (v) anusiunmuiazanaesiamiain
sausosdulUlv Barnuduveaanyindu LDR  wuuuwpafeudaluaayldinailu

v o o & W i = Y] ¢ oid_a = a
msiinganmsiidunisssfulesnduuuanilivndaladunfezdsaslulnanindsuasdn
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' = o 4 ) v ' = a0 P ) = |
@EJ'W\?VHNF]']T?JL'i'ﬂum']sLUﬁEJusgﬂzUﬂ']']ilm']quu%']ﬂﬂ?ﬁuQIU@ﬂﬂqﬂUﬁﬂquqﬂ ‘U\i%mﬂum\i

Yoafladiunfinioueinlduiufasdniunisine LR TUldemudawvunefuaudssiny

Ao 9 1wy msdeliidnssfudaussiusuanduzui 2.16

Voltage Divider

NITUUITUADIATOUNTNTIsEnaUlUMefmFunurmifulasaiundn

aaﬂL"flué’m%hu"ﬁuasjﬁ’uﬁmamﬁwmwadﬁ'gﬁmmuuﬁiasﬁﬂm gilgnINIIMIAILTIUN

[

200 (Output)msil

R,
I/cmr N in X é
B K,

We V, fe aussulniivesuvaesdne

n

Vou fo-mussiulviitavian Output

+V Y.

Ry=1kQ Ry A

Vout ———0 Vout

R: A g Rz =1k(2

=.A|
)

JUN 2.16 uanaavsiuysusewiudld LOR

(n) wssiueWinnazanadlofinawinnnszyny LOR

() usssiueinmIsiuTuileduaunannsenu LDR

) | P o W | ' @ i
Mswausa LDR weldeululaseoulnsaansazdasnoiduisasudansasulaess

auNSUAURIIIUMUATAANLA UUUSENI 10 Alaleviudandaiu Arduino =dasa

91 Analog Input 11 A0, A1, A2, A3, Advisa A5 ﬁ’mam‘tugﬂﬁ' 2.16



24

(ﬁm . http://noppol.edsup.org/wordpress/wp-
content/uploads/2013/10/Rabot3ldr.pdf)

JUN 217 Msienss LDR Waldnulilasreulvisaiansans Arduino MEGA

2.3.1.4 Limit Switch

! & =l < o e V1 @
Wugunsainldlunismupuszeenavsedninsyey awldsuiuaou

9s
= s

waailagdinadnd  ( Limit Switch ) ashadsluasasmivquiieviwihiidavione

29 iJﬂvdﬂwﬁﬁauiﬁmmmamammmmaiﬁalﬁuaLma%ﬁw’iuﬁamﬂﬁwm

(i ; http://www.conrad.com/ce/en/product/707243/Microswitch----250-Vac----5-A---
-1-x-OnOn----Hartmann---MBB1)

5UN 2.18 dnwazvas Limit Switch ialy

WANNISYINUYRinaIndlaeUnAutseanidu 2 A UnAWe (NO) uaz UnAdn
(NC) 9nlassasranielusundalianidudass lidetaiu vilvnszualudildanunsalva

Hould shumdsihanu defiusanisuenunnszsin wu gnauirdoudiosnunnadinaing vihli



25

o nl aoay _-ay =1 o ¥ 1 E2 d‘
anneznsihauasuanunile Wu Undide Suavinldnszualninlvanulule wazile

= ad  w 0o Yaa a & w 1 a o § va o
QﬂQ‘ULﬂaau“ﬂﬂ'EiU"\]31’]'111/?'&31@'d’J?‘]‘UﬂaU'e:liﬁﬂq?3Lﬂum11ﬂﬂﬂ?\3ﬂiﬂq3ﬂ1\mu

BLUE

BLACK

(i : http://www.kasetporpeang.com/forums/index.php?topic=109938.0)

St 219 unusaslwees Limit Switch

2.4 TUsun5u Proteus

o ¢ [
TN T3 ProteusLulUsunsuiia udanasasandniydsunsunds luausiy
218nv501nd LNTIZEINITOEBNLULIDTIART WL T IamIn1Tvi U 91905 Le e
ANUNINDDNUVUAIINITANN LADNAY ALAILITOAAALALYDY Proteus. 1l 2=nandladn

cJ o Y o o o o

LfJuIUSLLﬂmmmmmmaaqwqwn‘ssm (Simulator) - M5¥IUYR 995 Microcontroller

P o V v < 82 € o = = w
wese 4 lesnmine Tnslsifesusznaureasiidena itengailusingudideutulda
laneld Tnansasuazlusunsu (Seurce  code) finsavapudialUsursy Proteus  1ufl

Fuuiosudiingndes wiianunsaadiiesataldaiuionns

2.4.1 pnuanansalunsiineuveslysunsy Proteus
ansadasansyhnurensasdiinvsedndlavarnuanssuuuy lidnasdy
LUvBNEBNLAYUUUAINea viovauueudenuazAineananiu wenant Proteus &4
asneenuuuaeaTiiud (PCB) ddndae gauruvadlusunsy Proteus fiuiifionuasdu
voufife nsdaesmsihnuvenesdidnmseiind Alflulasaeulnsaiaesnszgasie 4 Lk
Al PIC, MCS-51, AVR waz ARM Judiu vilsidnidsulusunsuvdelusunsuiuedaiunse
ny1vaeulidlusunsy vievesldn (Source Code) MTaudusmiy anunsnatiuayuiivaees

g13auasralivielal flusunsy (Source Code) Mdavdu liatuayuiuiaseniauside

Wsunsuwesiasriinisianlsunay (Source  Code)  Mllaudulmi wiousuusnans
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3C:\\BIN\PWMFanController
4C:\...\BINIPWMFan

Ext - Q

i
=

34

JUN 2.22 599 IANAL080UaUAIET

v

= d f-" = . s d'
Furulneidenilazesile Schematic Capture fguf 2.23



¢ Bachorics 19603017 Proteus Design Suite Professional

Release 8.6 572 (Bukd 23525) with Advanced Smuilation
New Version Available
wnn [aheantar £nm ’
Release Dale
Regetered To: - —
PeTdn i | Q1022018
BN : 3 X jauny20n

Customer Number: 1736753440
Network Licence Subsorpton Expires: 31/12/2038 Blanyal Update Check. [ Ignore beta yersion updates

New in Version 8.7

= o
U 2.23 uanantaelusunsu Proteus

-
w3osiiafldlunisieg

Fie| Lt ViewTool Deign Gph Drbug Ubtury Tamplate Spten
i"bﬂ‘“m R’Q T ﬂm&f’ﬁ AORVEENES o2 (T8 ape X0

x hametis Cony
f e : 5 % - e B o
" ’ \H‘-.‘k“l_ —u’a;.—f_ x_-..‘l.’_.. . 3 3 N
NN A ] IEEST T Sumy Y

IIE
-3
_

leors “'?‘

FE>BUOEN

] 2 o
JUT 2.24 uansunuinseiionld

28



29

1. Component mode AamdsiililunsiFenldaunsairng
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BLOCTRIANGLE  MOTORS 2

| | MOTORDC MOTORS  Arimated DC Molor model With Inertia And Loading
| | MOTORENCODER MOTORS Animated DC Motor model With Ineia. Loading. and poation encoder

i
i

i

i

¥ | Mechanics MOTORSLDCM MOTORS  Arwmated Brushiess DC Mator model
i

i TBEE12PNG ANALDG  Dever IC o Dual DC motor
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3.3 Anwin1sesnuuusazitnadauiayulunisiniounivesseuuinaunis

\nRDUTIVRIMEIINGluLLIUNUBETYY

3.1 ANYINISNIUVBITZUVANAINNISIATOUTNTDIN290 A e

& L3
3.1.1 YUABUNTIN1IUYDITEUURANMINAIDIAAE

Light Intensity

Module Sensor

Arduino

5V PWM Signal Amp.
- e - :

12V PWM Signal Amp.

| e

12V PWM Signal Amp.

DC Motor 1 (Azimuth) DC Motor 2 (Altitude)

Encoder 1 Encoder 2

d' N o = ﬁ‘ P = &
JU¥ 3.1 Block Diagram WaAdN15¥119140958 UURAMIUNISIATOUNVDIAIDTINE



MOTOR X

MOTOR Y

[

= @ a = - B o
gﬂ'ﬂ 3.2 WHUNSNTTURITEUURARIUNT AR DUYITDIN9D1YIRE

3.2 mi‘wﬂaa‘uﬂ1'51/?’1Q'mwaﬂgﬂq‘l.lﬂ'mfﬂ'mﬂmsuuﬁﬂmumsmﬁauﬁmaqﬂ'N
29ing
3.2.1 ueLABSUNULTYN

A15371889M15M9uvasNamesIae1YIUsLATY Proteus

2
o [

TUADUNITINABINITVINUVDILDADS TIFail

i 2
o o af Ly o

1. @euldndslulusunsu Arduino dmsudamsliuamesis 2 fvyundeuiu dail
lAnsiatl
o o ¥ o < .
// MINNUAYIVDY Motor X Lag Motor Y YeaiunnuY1vesuesa Arduino
int IN1 = 2;
iNtIN2 = 3;

. = v s
int ENA = 4. // L‘W'fﬂﬁ PWM ﬁ’liﬂﬁﬂﬂ?UﬂNﬂ']'ﬁJL%’JﬁJ@Lm@i

33
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// Motor Y
int IN3 = 5;
int INd = 6;
int ENB = 7; // (ilalsf PWM aunsneuaseuniaseines
void setup()
{
Serial.begin(9600);
//fmun a vielHlumsmuaunisyiaumes Motor sumae L298N
pinMode(IN1,0UTPUT);
pinMode(IN2,OUTPUT);
pinMode(ENA,OUTPUT);
pinMode(IN3,QUTPUT);
pinMode(IN4,OUTPUT);
pinMode(ENB,QUTPUT);
}
void loop()
{
// Motor X
analogWrite(ENA, 50); //feriaaiais) PWM Aufauds ddiag uelmaiaryuias (fid
Raust 0-255)
digitalWrite(IN1, LOW);
digitalWrite(IN2, HIGH);
// Motor Y
analogWrite(ENB,50); J/RaEARIET PWM Huduus ardha uBIaTITNYUEaY (fid
Faust 0-255)
digitalWrite(IN3, LOW);
digitalWrite(IN4, HIGH);
/1 Motor X neeuds (Reverse)
analogWrite(ENA, 50);
digitalWrite(IN1, HIGH):
digitalWrite(IN2, LOW);
/W Motor Y npgvias (Reverse)
analogWrite(ENB, 50);



digitalWrite(IN3, HIGH);
digitalWrite(IN4, LOW);
//1% Motor X ganyU (Freespin)
analogWrite(ENA, 0);
digitalWrite(IN1, LOW);
digitalWrite(IN2, HIGH),
//l% Motor Y ngavyu(Freespin)
analogWrite(ENB, 0);
digitalWrite(IN3, LOW);
digitalWrite(IN4, HIGH);

2. Favhlvalusunsulmdulig hex code

2.1 A@dn Sketch Way Export compiled Binary fMyga1nu

€ 01| Arduine 1.8.5

Tools He{pW 4 FA'A A AN
Verify/Compile Ctri+R

Upload Ctrl+U

ine'din Show Sketch Folder Ctrl+K
| Include Library 5
int dig I
Add File...

ing, speedPInA = "6: [/ wi'a“rﬁ PWM ri'un*mn'.llc)um‘w::i‘mama:i

int RightSensor =(A0;
Mopor) B

;;
int dirlPinB = 4;

int dip2PipnB = 5%

int speedPinBi= T; /. tADTN PRM AvNsoatunuamusiuaens
const int LeftSenser = Al

void setup()

Serial.begin(9600);

//FMUA 21 PADTTUNITMIUANNITHNINZDI  Motor WMWY L2S8N
pinMode (LeftSensor, INPUT);

3.3 wansunaunisvin iy hex code

€an
£
=D

35
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w ¢l
2.2 Wsunsuazasalnawmasiiu hex code

A d=lo - O X

Home Share View 0

Cut e — v 0
& Cu « Moveto~ X Delete ~ [{_; M (2} pan Bl setecta
= Copy path ¥l Edit Select none
Pin to Quick Co Paste . 5 v = New Properties
aCCess o [#] Paste shortcut & copyto i Recase folder - &) History DE,] Invert selection
Clipboard Organize New Open Select
&« v » motor > 01 v {  Search01 L
Name ) Date modified Type Size
#* Quick access
9 01 13/3/2561 14:56 Arduino file 2 KB
@ OneDrive | Ol.ingimega.nex 13/3/756116:32 HEX File 5 gl
ino.wi J g 3/3/256196:32 X File 29
g This PC || Olino.with_bootloader.mega.hex I 196:3 HEX File KB
g@¥ Network
Jitems 1 iteh sélected 8.15 KB EH=

o P
JUN 3.4 anslwawrasiiu hexcode

3. \UnalUsunsu Proteus as19643UN 3.5

4. dnlranlAnaiuesn Aduino mega 2560

4.1 suidananfiuesm Aduino mega 2560

& |298N+Metor - Proteus & Professional - Schematic Capture

File Edit View Tool Design Graph Debug Library ~Template. System ' Help

DEED A% QEBID =R Q) etor) BT paaaQ e giw ssafe g Ean o R
3 Schematic Capture 3

: e e T
X o [ %
10
+o
U
E gy =
P B0 pexces
i ARDUINO MEGAZ560 |
— 123 MOTOR DRIVER 1>
= MOTOR | id 2
D- iE -
© 1 2 =
m ‘ F
@ ie
A i s
@ o
Vi
]
@
o
[
A
|
+
< >
B b I B 0s et | Roctsheet 1 1 14 s 22000

U7 3.5 wasanisatasadaimasamalusunsy Proteus

€anl
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2 Ad =Y rnj &
4.2 manilawes 1iealwawmesiiulng hex code

|$ Edit Component ? X
‘ Part Reference: [#RD1 - | Heden: O oK
Part Vaue: [AnnumMEGAzsm | Hdden: OJ ERFimware |
Bement: i | New
BLOG: de bl v
PROGRAM FILE: [I [ fgen  ~
CLKDIVE (Divide clock by &) {(1) Unprogrammed _v|[HdeM v
CXOUT (Clsck output) (Upogommed v |[Hie A -
WDTON (Watchdog timer aiways on) | (1) Unprogrammed v|[tdem -
| BOOTRST (Select Reset Vector) (1) Unprogrammed v HdeM v
CKSEL Fuses: {0000) Ext. Clock v|[HdeA v
Boot Loader Size |100) 4096 words, Starts at GeTF( v | Hde A~
SUT Fuses 1 RISy L, I
Clock Frequency: [ — T .
| ARDUINOMEGAZ560 (Defaut) ide Al
MEGA2560 \Detat) [Hdems
Advanced Properties:
s s SNNAW /A
Disassemble Boary Code - [ ke L =~ | el
Other Properties:
Al
|
|
] \
[[] Exclude from Simulation [[] Attach hiecarchy modie
[ Exclude from PCB Layout Hidde tummon pins:
Exchude from Cumend Variard (] Edit il properties as text

d:i 5 @ o4 o ¢ 2
FUA 3.6 uanstumpuMTENlnanlARaILUUTIaawBLADSAIBTUSWNIY Proteus

- v 2 P o v ) Y ¢ .
4.3 danlAn Aan Open Waldenlnannssnisenlaaitaluluuesn Arduino

& Select File Name x

lookmi | [gmoter o o] 4BLEC @O

&
* 1| ] 0l.ino.mega.hex 13/3/2561 14:56 HEX File A7 8KB
Quick access G in0.with,_bootiasdersmegs hex 13/3/2561 W:56. | HEX File 28 KB

Desktop

m
Libraries

L

This PC

@

Network

Fiie name: 0lino mega V'-
wv| Cancel |

Fiescftype: | HEX. UBROF. COFF. ELF or OBJ Fies

ﬁd ulj s oV 2] &
UM 3.7 uansdumounisdnivanlAnasiuudiasaeinasmelusunsu Proteus



2 - o [y 8/ 9/ 3 .
4.4 pan OK wavnnisenlvanlanluluuese Arduino

% Edit Component

Part Reference I

Pa Yaboe [RoumomEA2se) |
Element: [ New il

BLOG www.TheEngneeringProjects com | | Hide Al
PROGRAM FILE [nomegared [ e
CLKDIVS (Divide clock by 8) (1) Unprogrammed ~ Hide Al
CKOUT (Clock output) (1) Unprogrammed v Hde Al
WDTON (Watchdog timer always on) | (1) Unprogrammed v Hde Al
BOOTRST (Select Reset Vector) (1) Unprogrammed v Hide Al
CKSEL Fuses (0000) Bxt. Clock v Hde Al
Boot Loader Size: {00) 4036 words. Stats &t DcIFT ~ | Hide Al
SUT Fuses (00) v | Hide Al
ok P I —
ARDUINOMEGAZ560 (Defa ride A1
MEGAZ560 Defauk) Hide M
POOFNd Properties: X b
|Disassemble Bnary Code “No v iHide Al
OtherBropesies... 3

|

|

[[] Exclude from Simulation [[] Mtach hietarchy module

[ Exclude from PCB Layout Hde commen pins

Exclude from Curent Vari:

= [(] Edit all propatties as text

Hidden: []
Hidden: []

§UT 3.8 uanstumeumsswivanlanaduuudtaesupimesmealusunsy Proteus

5. |edwlvaalAnuan ABNTIVAIEIEY 1 HelABSIZMEUmIgUN 3.9 (V)

@ L252N+Motor - Proteus 2 Professional - Schematic Captuce

File

S0Q

Edit View Tocl Design Graph Debug Libiary Template System

-3

Help

38

SELEN-E1-CLY PEEN- =T AN AR REW /MY 0k B X0
% Schomatc Copturm |
=)\ Nama ) i
B M oevces i
ARDUINO MEGA2560 |
1238 MOTOR DRIVER ! >
MOTOR ‘E'
{3
i-? b reiay
149
]
i3

+E>8UOBNGLOUEYU BT mE ++

27000



@ L292N+Motor - Proteus & Prefessional - Schematic Capture
File Edt View Tool Design Graph Debug Libary Template System Help

39

DEER AZOUABDD= RO tuctomn v B+ $RQARQA DO ZhB BEEE @2 B oz N3l
4 Schematic Capture X | Ent ST A B AT P g T L A

® el

19

+ 0

W - |

Y EE oexe |

b 8 ARDUINO MEGA2550 I}

- 258 MOTOR DRIVER || 1>

= MOTOR :_a -

eV 2‘% =

a2 2 -

- iF

@ in

2 ig

@ 3

7

- |

@

0

®

A

=

-+

o - A _" OB L W N T S T A - _‘.

» 11 M| 0\ 6 Messagels)  ANMATING.0D.00,01 334008 (CPUioad 527 2 471000

(@)
5UN 3.9 uanaiuuTiaemewainlnsun1sdnianlan wagsawmos iU,

(n) walnasnaumly

(v) WewmoIUMBILY

3.2.2 L298N Motor Driver Board

gunsalillinpaey
1. L298N'Motor Driver Board

ouT1

L | ey
ouT2

+12VGND +5V o =

. SR .
L

BB AGYTLYB1I

5UT 3.10 298N Motor Driver Board
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sN8asLdYn
a = . o v
YUALURNLADS ILUU Maintenance Free (LLUBLADTLLA)
WSIRU 12V
NILLLE 35 Ah
4. aelw
JUNDUNITNAEDY

1. 98uswuli L298N Motor Driver Boardnhuaaas 12 V fited +12 V
0o aa = L3 s ql «:l 13 1 o (¥} 1 s
2. UAINealnesIaNUN 1, 2, 3, 4 NSzilaNeanuIaziadial 12 V dmsudeiu
& (Y] sJ ni £ a0 ) [ 1 s [
UMD A, B Lariaivn +5V nsyuaneoniuiazmaadian 5 V dmsusaiuuase

Arduino Mega 2560
3. IIMIATdaUYTEaANSNINTDY L298N Motor Driver Board

3.2.3 Module Sensor LDR

qunsiliveany
1. " Module Sensor LDR

31117‘1 3.13 Module Sensor LDR
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Jvazden
wsssulngean 160V
nunaalwil 100mW
vhauldafigamgd -30 4 70 BuAYALTYE
ARG 10 - 20KQ

2. Arduino MEGA 2560 Board

28
30
32
34
36
a8
40
42
44
46
48
50
52

DIGITAL

31l 3.14 Wamy Arduino MEGA 2560 Board

F18ALLDYN
lulasroulnsuiaes
wrasg el
Tt (ugi)
Wi (SrdalsT)

PRINDA I/0O

YBUIEENBUNH
nszualwdh DC wavn 1/0
nszualniiean DC dwmsuwn 3.3V

Flash Memory

SRAM

ATmega328

5V

7-12V

6-20V

54 91 (of which 14 provide PWM
output, 4 UART TTL)

16 91

40 mA

50 mA

226 KB (of which 8 KB used by
bootloader)

8 KB
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EEPROM 4 KB
Clock Speed 16 MHz

3. unasriilauasadesalavi gu Micron ABS 1500 R7s-15

sUT 3.15 uanauvidaiiinuasayesalar g1 Micron ABS 1500 R7s-15

s18azdun
FUnsy Linear
onsiLaY Inuuasdivtes
YU INA 1500 06
nsAnds R7s
wsesrulelin 250V
99N LTI 2000 41319
CRERRRIS ARYY 29

‘Ux‘u{?lE]Uﬂ'ﬁWﬂﬁﬂU
1. 91elwl 5V 91nuesn Arduino Tunlugaivuiges
2. #aUe$n Arduino Mega 2560 ¥1is analog 117 AO-A7 11U Module Sensor
LDR fiaguil 3.17
3. WelUsunsy Arduino iedwlnamlénlduasa Arduino Mega 2560
4. \Fond1ds Serial monitor ieguePdneadiueda Arduino MEGA 2560 Susnld

971 LDR %4 8 7
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-3 { =1 A L2 -] E 2 -] v |
21NNNSNUVES LDR iefluaauiannszsnuiidn LOR =¥l LOR vianuuazlsien

¢ ' o & e o v ' w P
w1dwmaanunduftnuiunIY ﬁnﬂuummmmmumuwlmmLLﬂaaLi‘;JumLLsmumewm
INAUNSN 3.1

V..=LDRx L (3.1)
1023

& 1 o

die 7, Ao Awseulvihvesunadsdne de 5 Thad

= 1 at

V. @8 fussiuldidaiige Output

LDR #8 aiinoatiuesn ArduineMEGA 2560 s1uld

(o] O
§ R=1k0Y Ry Cé) A
l——0 Vout ———O Vout
Rz A Rz =1k()
(n) ()

d al ' . 5/
SUT 3.16 Uanneasiiutausaiudily (DR
(n) ussiutWivmazansuloduatnannssny LDR

w o XA
(2) meumﬁwmxquﬁumaﬁuaqmmﬂmwu LDR

nsiwaude LDR eldaululasraulnsaansasdaswnaduisasudausasulause
o oW da £ a ¢ ot 1w . o |
BUNTUNUAIATUNMILNTAIANUA UNILUSEIN 1 Alaleviudamnsaiu Arduino Az@ame
a ] =
U1 Analog Input 9191 A0, A1, A2, A3, Ad %38 A5 Aauanslugud 3.17
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SEREESEESNENNER

=52

31J“7i 3.17 msseanevaaoy LDR ielduulalasaeulnsaiaaséng Arduino MEGA

o « ¢ o ' %o = [y v -l a0 )
avasalaviwoduuvasiisidanasinnddoalnalUf LDR  Ainasaudu

o v a & - 1 o a P a _—
FRUvIL 1 Alalevia ianadauin LDR 919 4 AAN19989aT813eUuRan A9 Anguy

a1u1savinanule Aallanglusui 3.18

U1 3.18 NsiAaeu LDR 119 4 fiavausdiasoessuuinauniNe1ing
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3.2.4 Limit switch

gunsalnldnaasu

1. Limit switch

sUT 3.19 limit switch

2. U030 Arduino.Meea 2560
3. Mneadnes

[
s

TURDUNITVIAGEDLU
1. a1 Caps limit switch 1 9AURIAIUNIU 1K ohm
2. 61991 NO v84 limit switch #3 GROUND
3. Uanew NC aoe
4. Telwiduesn Arduino Mega 2560 witalsk limit switch ¥ine

5. ltilanal limit switch a1 limit switch vhauldusal

3.3 Anwinseanuuunazisvadeuinyulunisiadeuiiveuniasszuuinau

nsiAReunvanldingluluiunuazdyn

= i < a
3.3.1 msnadouyunsindouiiinsldiaivaaluilyuieee
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gunsalilinmaay

= o c; = & a
1. SEUURAAIUNISARDUNUDNAIDIMRLLUUITUNITILUSR

d ay dl 4 = L3 =
3‘1J‘VI 3.20 WaMITZUUARNINNTISIABDUYIVANAINEINA EJLL‘UU‘O“LUW’]T\IUHF’]

2. gunsalinyaesm

< <t d 9 4 A a
3UN 3.21 wanspSennauiivelivedeuyunisiedsunve U s ludn
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4. @3

{ el < a
SUN 3.22 uanatalwesinnYesNnaLns lude

2
s

YUADUNNINATDU

1. 31983 nenanundrdl 70 wudtes ngldirtesdisTnesridugagudnandlu
msasTen3enay anglunteasnayldadadulaeidun 0 asen sihefuiduas
10 2961 3UATU 180 29A

2. ﬂwm?aa'izwﬁrﬂmum5Lﬂﬁauﬁmaamdmﬁmémﬁy’amaq@@uéﬂmwaaﬂ“{a

ad o X §al ) -:sl o
PNANNTINNUU ﬂ?UF}uﬂ'}'ﬁ‘ﬂi‘IU’UﬂﬂﬁJatmaiﬂa:ﬂ 10 29A1 IﬂUaﬂLﬂmi{UﬂqiLﬂaauﬂ

PNLALYDT

g

1 J ] o & =3 14 :III o 3 o 1 o
3. 9umIuIUadveLdulAnmesieulaanlusunsy Arduino WazuIAIIUIU

wadluAnnumauiaunsi 3.2

o= P x180 (3.2)
PPR

08 o AB YNNITVIHUTRMBNDS

P e snnuiadusadulanmes



- 5 © s a‘t:i
PPR 78 Pulse Per Resolution 91u7uWa&" Rotary encoder
ansodula

5. UTINHANISNARDILALALATIEVNANISNAADY

«
LALTaT

= | | a v e | v a
UM 3.23 uansnisvaaeusunsindeunveinumluaalagldiaesyluiiyudida

33.2 nsvedeuyunIneasuilingldgnacdluiiyusneds

u q

gunsainlinnaay

< = < o = & a
1. IASE9SEUURNAILNISIARDUNTOINNDITIAELUUIIUNISILUAR

2. gunsnlinyueee

49
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2
o

TUNBDUNITINAFDU

2/ ¢ o/ = = v A = at
1. aseAsaenansedadl 70 leufiwns lasldiesesdieinemiBugagudnaduy
N15as A vnay Aenglunsannanliasadulassuain 0 se vinatuduay

10 991 UATU 180 93

o y a o ~ o & W ¢ =
A u’]Lﬂ%@QSSUUWﬂmquﬂqiLﬂﬁauW‘U@QﬂjﬁaqwmEJN']m\ﬂmiﬁﬂﬂﬂuaﬂﬁquaﬁﬂﬁxﬂ\jﬂau

oty X ¢ o ] = a
Nasn Ty mugumTuYawmewmeifiay 10 evmlagdunniumsiafouiningnia
3. g nuiadveadulAninesfieulsivanlusunsy Arduino wagthadau
s o 1 o A
wadluAuame yuAtEunIsh 3.3

‘o
PPR

x180 (23

o =

e o fie yun1svyuroweines
P Ao nuiadueudulannes
PPR i Pulse Per Resolution $1usuwadil Rotary encoder
awsadnele

4. JUnNaNISNAADILALIASIZUNAN1TVAGDS
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uni 4

NANTSIYUALNISDNUSIINE

nsMadeUsTUURRmIMSIARBuvBnteTinduuuIm s Tudalukwes Ty
funau 3 noustai]
4.1 mMIvedgauNMsuTesygUnsaimuaussuUAsmuMsIndsuivasnaiing
4.2 MsvadeuUsEAvEnmmshanveslugaiuises (LDR ) i 8 ¢

4.3 mwmaauuummﬁauﬁwa&muwwsﬂuﬁﬂiuumLmuax%zw
4.1 MINAFIUNITVINULIYAIUNTUAIVANTEUURAMUNISAADUTIVE IR
a1ing

4.1.1 URLADIUNWLTUN

Motor Drive Module L298N

MOTOR A

nv

MOTOR B J

31]“7; 4.1 N1SAPAENAFEU Motor U Motor Drive Module L298N mw@uﬁw Arduino
MEGA 2560 Board

Arduino MEGA 2560 Boa

o




53

gunsalillimpaoy
1. saimasunuazdym
2. Motor Drive Module L298N
3. Arduino MEGA 2560 Board

funaunismageu
1. WeulAnuazenivanlanadluluvasa Arduino MEGA 2560
2. foanglnuawmaiunuasdyndniu Motor Drive Module L298N uax Arduino
MEGA 2560 Board sfauandlugud 4.1
3. hmsaelil 12 v 9nuuniae3id Motor Drive- Module L298N

4. PFIADUYTEANTN AT NI UV MUDIRNDS

ENCODER

unu X

JU# 4.2 nounenualnesuNUBLTLNIINTIvERUUSTANEN ™
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JUN 4.3 viasnanueimesuNLes AN IFADUYEAVBAIN

neuaanuamosLIATIIaoUlsEAVEN I Aauanduguil 4.2 wudndlediliuewes

° [y v ) o aa & O ¢ = °

V19U uama%awguiﬂ‘mmmLLa::mﬂaummqnﬂ'iwumw;;uaﬂmuaLmawaguwmmﬂ%'qm
2 (2% al & o d] [3 a o s c}

TiuawmasiauaNuenesyitau Wananualmesuinsivasulseansnn Aawandluzun 4.3

wunduimduiediinstiag svianisldnstinnlvinudoinduumaasmdsanldans

Tudmuiwewmesvinudtu nyuuallilauazimusmesnowinnulifeumilounsuney

NOANBLMBSUINTIATA LaimeTRNduInldnaaavld

4.1.1.1 m3iassmsinnuvewameasiagldlusunsu Proteus
msvaaeulAnfideululusunsy Arduino asvinnsvaaeulagld
TUsunsu Proteus tilagilénanunsninanldfusemeslduasdumsdassnsviauues
wewneslngldlusunsu Proteus Feagld L298N Motor Driver Board iilamuaua1ui3asey
voBmeiuazAuRNirmInsuYemeinosenslddds inanisirassiuandy

<
M99 4.1
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A15197 4.1 NIAIAIPIFILALHANITINABINISYINIULES Motor

ENA, ENB IN1, IN3 IN2, IN4 Simulation results
0 LOW LOW UDIABSTIT YAV
LOW HIGH
UoLABT ALY ULAE VUMY
LOW HIGH Wumessiudyyuiinea
0-255 0-255 Aufifnuun ( 0-5 Taa )

uaimeTgyihulngmyuny

HIGH LOwW Wnmssysudyanafines

0-255 muiitun ( 0-5 Tuad )

ENA fD tasmadgains PWM dvisuusines A

o

INL Ao fearadayymaoinioniuanfidnivemowmes A

Lo

o =

’1CLIE]E]QﬂLWBﬂQUF}NVIﬂWN‘UB\‘]@J@LW@% A

=
L.

IN3 fia ¥89pe

=

ity
IN2-fio To3siedty
SURNNADINNEAUANAANINYBaINDS B
ING_flo desiedyannainiieniunyinmisueusines B

ENB flo 9aemadmanm PWM dususieines B

ﬁaﬂv’umnwam‘m"waaam‘sﬁﬂmmamaLma%azlﬁ'imaLma%awqu%’m‘%awuﬁﬁuag
funisimundidanaadosdedern PWM 9T ENA  wavar  ENB  wesuesdn
L298N Motor Driver Board sdaayias PWMvesuasatatnsadneldlugis 0-255 (wlas
\Wubadda 0-5 V) laeun ENA waza) ENB va3uain1298N Motor Driver Board vt
PIANAIAUTITOVTRIaIABS diivuad PWM  tesueimesiasnyutiudiimuns
PWM annuewnesiiasnyuiis $991n3ufl 4.4 asdiuhdeunsenivanldnueinedasiidun
Fouawmeidiliviay udilovdssninanlAnasfiuiwomesiinisialasainiunanse

¢ a a a _ a v {
vawosasiAvududiuazmuludniianie Auanduguil 4.5
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w00 ToHOASD LRy wn

0952 eBay ounpay

(AR il]]

ABe OMD AZis EANO

2 1
..511 1 :‘.,m,".

-l
oo vovhigbaeaduges; sam
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d o a a v
Uf 4.5 wansuUINanIlamasndInIsonlvanlan
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4.1.2 L298N Motor Driver Board

C I Sy e

+5v
ouT?
+12VGND +V B Rl

. EEEREESm .
L N

E S HEY

gﬂﬁ 4.6 .298N Motor Driver Board

qUﬂ‘ﬁﬂiﬁ"lﬁﬁwmaaU
1. L298N Moator Driver Board
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11 +5 V azdluseduvieen 5 V Fadulumunuanifves L298N Motor Driver Board 34

a115011 L298N Motor Driver Board wnlameaaulé

4.1.3 Module Sensor LDR

LDR tJusdumuinusualdniuainuduueauas LDR 15anunsald Arduino 81ufn
[ P o | 3 4 o ] a v Y R »
AMNAIUNIUNUR UL YRR LALILTakaa et lUldnuaunfeanisla lneanauls

Wy Analog

gunsaifilivmaey
1. Module Sensor LDR
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3. Walusunsu Arduino iiadwinasldnlduada Arduino Mega 2560
4. \Bondds Serial monitor ilag uAAIneaRuesA Arduino MEGA 2560 Sudild

270 LDR ¥4 8 ¢

Lﬁaﬁwmiwmaau‘m%mﬁuwaé LDR 2zilA1A3noanuasn Arduino MEGA 2560 Sun
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\WGuas LDR flud wuIARIneanuasa Arduino MEGA 2560 5uAl@a1n LDR 114 8 &7
Wullenfdneanuesa Arduing MEGA 2560 SuATl@aan LDR via 8 draviniuluaninuindsy
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4.1.4 Limit switch

gunsaiitldvaaey
1. Limit-switch
2. uo39 Arduino Mega 2560

3, fanaadiinas

Fumeunisnaaey
1. 7997 C Va4 limit switch {AAUMIRIMNIY 1K ohm
2. 19¥1 NO.7184 limit switch a3 GROUND
3. Uangwn NC aot)
4. MglWituesn Arduino Mega 2560 ol imit swich viney

5. 193ana# limit swich Weag I limit switch vinsulandols
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fanoailmesazdanlu 5 V st limit switch Ssanunsaildlunisnaaeuldiilesaniinis
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4.2 mvadaulssansnmumsinnuveslugaiwuiwas (LDR ) 919 8 69
4.2.1 lugawwwwas (LDR) A
4.2.1.1 nagaulaglduaslnnieluias

3U 4.10 mssieanevaaey LDR uislinululasroulnsamosie Arduino MEGA 2560

gunsaliflivaaeu
1. Module Senser ( LDR )
2. Arduino MEGA 2560 Board
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Fumsunsmaaou
1. WweuldAnuarenlvanlanasiuluuesn Arduino MEGA 2560
2. deanelnanlugawuiwasidriuvedn Arduino MEGA 2560 fuandlugud 4.9
3, mql”im'ﬁqﬂmaﬁaaﬁua@lw%aﬁ'gﬁmﬂﬁaLtazﬁ’uﬁnwaaq"[um’rmﬁ 4.2
4. huafldnnmnaasBinsisinanteundonnsmuaninuduiudssua

° o o ) | o w
MUIUATIN (N) NU ALRGEVDILTIAUYIDDN (V)

P~ 1 o ¢ = v o o
137190 4.2 ‘FﬂLL'N(”IULEJ'TWWWWV]ﬁaE]U@']ULLaﬂIWﬂ']HGLU'VIBQﬂﬁ\TW 1

Vout (V)

§7 | LDR | LBR{"DR | LDR | LDR |"EDR“{.LDR | LDR | V.,
pdedl | dait | i |dan | il | g it | s | s \dy
(N) 1 2 3 q 5 6 7 8 (v)
1 4.65-4-4.05 | 4.11 | 464 | 421 | 4.10 | 363 | 4.46 4.23
2 4.66 | 407 114.11.1.4.64 | 422 411 | 365.4.46 4.24
3 466 | 4.06 | 411 | 464 | 421 [ 4.11 1363 | 446 4,23
a 4.66 | 4.04 | 4.09 | 4.64 | 4.20 {410 | 3.62 | 4.45 1.22
5 4651404 1409 | 465 | 4.21 | 409 | 362 | 4.45 4.23
6 4.65 | 4,05 | 4.10 | 465 | 421 | 4.10 | 3.62 | 445 4.23
7 4.65.4.05 | 410 465 | 421 | 4,10 | 362 | 446 4.23
8 465 | 4.05 | 411 464 | 421 |.4.11. {363 (~4.46 4.23
9 4.65 | 4.06 |-4.10 | 4.64 | 421 | 411 | 3.63 7 4.46 4.23
10 4.66 | 407 | 413 | 4.66 | 4.25 7] 4.13~ N6l 46 4.25
11 4.65 1.4.04 | 410 |-4.64-| 4.21 | 4.10{ 362 | 4.45 4,23
12 464 | 4.04 | 4.09 | 464420 | -409 | 3.61 | 4.45 4.22
13 4.65 | 405 | 410 | 4.64 | 4.20 | 4.09 | 3.62 | 4.45 4.22
14 4.65 | 405 | 410 | 465 | 420 | 4.10 | 3.62 | 4.46 4.23
15 466 | 4.05 | 4.10 | 465 | 420 | 4.11 | 3.62 | 4.46 4.23
16 464 | 404 | 410 | 4.64 | 420 | 4.10 | 3.62 | 4.45 4.22
17 466 | 4.05 | 410 | 464 | 421 | 4.10 | 3.62 | 4.46 4.23
18 465|405 | 410 | 464 | 421 | 4.10 | 3.62 | 4.46 4.23
19 466 | 4.06 | 4.10 (.4.65 | 4.21 |-4.10 | 3.62 | 4.45 4.23




63

A3 4.2 Aussdueviwaiaasufeuadimeluosn i 1 (o)
Vout (V)
47 | LDR | LDR | LDR | LDR | LDR | LDR | LDR | LDR | Vi

:j = = v @ = o o o o v = v = o = P
FAIIN N N 3N M i AN 01 M 51
(N) il 2 3 4 5 6 T 8 (v)

20 4.65 | 4.05 | 4.10 | 4.64 | 4.21 | 4.10 | 3.63 | 4.45 4.23
21 4.65 | 4.05 | 410 | 4.64 | 4.20 | 4.10 | 3.62 | 4.46 4.23
22 4.65 | 405 | 411 | 465 | 4.22 | 411 | 362 | 4.46 4.23
23 4.65 | 4.06 | 4.10. (~4:65--4.21 | 4.10 | 3.62 | 4.46 4.23
24 4.65 | 406-174.10 | 4.65 | 4.22 | Bl 3.62 | 4.46 4.23
25 4,66 4.06 | 4.12 | 4.65 /| 422 4,11 | 363.| 4.46 4.24
26 4.66 | 4.06 | 412 | 4.65 | 422 [ 4.11 | 3.63 | 4.46 a.24
2 4.661 4.06 | 4.11 [ 465 [ 4.22 | 4.11 | 3.63 | 4.46 4.24
28 465 | 406 | 411.|-4.64 | 421 ) 411 | 3.62 |~4.46 4.23
2 466 | 407 | 412 | 465 | 422 | 4.11 ] 2.63 | 446 4.24
30 4.66 | 4.06 | 411 | 4.64 ) 422 411 | 3.63 | 4.46 4.24
\aag | 4.65 | 4.05 410 | 4.65 | 421 | 4.10 | 3.62 | 4.46 4.23

N15ILATILYNA
INA1T9U8S LDR Lleduadsiiannssnuiiaa LOR 2:v i LDR vauuasliie
& I an = s . 1 o o fo b1 v v
wiyneentntuAAIneafiuasa Arduino MEGA 2560 aiuls aintiutifilduuuandy

AL TIRULDIANARINANATST 4.1

KW=LDRX£%§ (a.1)
Aln

V..=LDRx 1323 (4.2)
he

LDR = mip3naadiuese Arduino MEGA 2560 g uld



s 1 o A
AIDENNITATUIUINANNITN 4.2

v, = LR
1023
VOH! = 952X SV
1023
V., =465V

oul

ATINLEAIAINEUNUSTENT19TTUIUASTIN (N) AU useduvraan (V)
5.00 ¢

4.50 4SRN INONONIIIICICIIONSICICICNNINK
400 RN NRS R0 N SRS TTTIRKY
S 350 bt e b i
S B00 L
2250 4
=1 o i
Elcs
o .59 2
Thoed &
D.Sevel
0.00 i | } | : } 1]
0 5 10 15 20 25 30 35

s ¥4
PIUIUATIN (N)

—= L3 UUBNYDY LDR da% 1
397U 8ONUD LDR $afl 3
L5 97UN00N 9 LDR ¢ 5
e WS UTTDDN DS LDR #2717

- 459N Yee LOR fafl 2
U5 UY TN YOS LDR il 4
—@=U5sneantay LDR #il 6
—— L39iuTioanTad LOR fafl 8

JUT 4.11 nymluansaiuduiiusseninadauaunsai (N) fuussiiuwioen (V)

d 1 ol 3 d v v :j AJ
M5199 4.3 AU wnRaaaumeLasinluiensei 2

Vout (V)
922U | LOR | LDR | LDR | LDR | LDR | LDR | LDR | LDR Vour
% oul o, 2] i 5 o gl w jal st | w.d i d
AN N ) AIN M N N AIN N LRy
(N) 1 2 3 4 5 6 i 8 (v)
1 478 | 433 | 4.24 | 469 | 428 | 416 | 3.70 | 4.59 4,35




{ ! at (3 A 14 / 5 -& 1
M1 4.3 AussiuednaAnaaeussuaslWluiesnsi 2 (se)

Vout (V)

917 | LDR | LDR | LDR | LDR | LDR | LDR | LDR | LDR | Vg
afadl | il | dhil | daR | dail | dhil | wai | it | i \de
(N) 1 2 3 q 5 6 7 8 (V)
2 4.77 | 433 | 423 | 469 | 4.28 | 4.14 | 370 | 457 4.34
3 477 | 433 | 424 | 4.69 | 428 | 4.15 | 3.70 | 4.58 4.34
q 476 | 430 | 422 | 468 | 4.27 | 4.13 | 3.68 | 4.57 4.32
5 4.77 | 431 | 422=thbB=t=dul | 414 | 3.70 | 457 433
6 476 | 431 421 | 4.69 | 4.26 | 413 |~3.68 | 4.57 4.32
7 477 432 | 4.23 | 4.69 | 427 {4.14 | 369 | 4.58 4.34
8 477 (434 | 424 470 | 429 | 4.15/.3.70 [.4.58 4.35
9 A77 430+ 4.21 469 | 4.27 | 413| 368 | 4.57 4.33
10 4760 | 38 | ME2IN-4.68) |\ 42670 1 355:3.68 [~th57 4.32
1l 476 [ 431 [ 4.22-] 468 | 427 | 4.13°[368 | 457 4.33
12 TP ptrereid T | ABSID\ 4 O A et rionbll | .53 1.53
13 476 | 431 | 4.22 | 4.69 | 4.26 | 4.13 | 368 | 1.56 4.33
14 4.75 {430 | 4.21 | 468 | 4.26 | 4.12 | 366 |. 4.56 4,32
15 4.759°.4.29 [ 421 .} 468 | 426 4/13.|.3.67 | 456 4.32
16 475 | 429 | 421 | 468 | 426 | 4121367 | 4.56 4.32
17 4.75. | 4311 4,22 {468 426 | 413 | 367 | 4.56 4.32
18 496N .30 | 4.22 | 468 170.27 |, 4.13\ B.67 4 4.57 4.32
19 4.75 14,30, | 4.21°/|°4.68 | @27 ‘| 4.13°| 367 | 4.56 4.32
20 476 | 4.29 | 4.21.( 469 | 4251412 | 3.64 | 4.55 4.31
21 476 | 430 | 4.21 | 4.68 | 4.27 | 4.13 | 3.67 | 4.56 4.32
22 475 | 4.29 | 4.20 | 467 | 4.25 | 4.12 | 3.66 | 4.56 4.31
23 475 [ 429 | 420 | 468 | 425 | 4.12 | 3.66 | 4.55 4,31
24 476 | 430 | 421 | 468 | 4.26 | 4.13 | 3.67 | 4.56 4,32
25 475 | 430 | 421 | 469 | 426 | 4.13 | 3.67 | 4.56 4,32
26 475 | 430 | 422 | 469 | 427 | 4.13 | 3.68 | 4.57 4,32
27 | 4.80 | 445 | 446 | 482 | 454 | 449 | 4,06 | 4.68 4.54
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= i @ = v v o & ]
A15199 4.3 Aussiuednaiivageusisuaslwluionssi 2 (se)

Vout (V)
977 | LDR | LDR | LDR | LDR | LDR | LDR | LDR | LDR | V.
adeil | dail | il | it | dnfl | it | it | il | i Wiy
(N) 1 2 3 4 3 6 1 8 (v)

28 a.77 | 431 | 422 | 4.69 | 4.26 | 4.13 | 3.68 | 4.57 4.33
29 476 | 432 | 4.22 | 4.69 | 427 | 4.14 | 3.69 | 4.57 4.33

30 | 476 | 431|422 | a69 | 427 | a1a | 369 | 457 | 433
Wiy | 476 | 431 | 4.23. ) 4691428 | 414 | 369 | a57 | 433

ANSIATITIINE
1NNITNIUYRY LOR ipduaduinnnsenuiisn LDR a2vinli LDR vineuuaslvan
L dnneantluAIRIneaiuase Arduino MEGA 2560 8 ul# aniuthailsuudaaii

ALSIFUDIANAINALNST 4.3

V.
V=R R e
out 1023 (4.3)
ala
4
SO R
out 1023 (44)
e

LDR = mpaneaiiuasa Arduino MEGA 2560 g1uld

o 1 o A
AIDYNNITAUIDINAUNITN 4.4

V. = LDRx—Y
1023
Y,y = 97T x—r

1023
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5.00
4.50
4.00
3.50
3.00
2.50
2.00
130
1.00
0.50
0.00

V)

LSIAUTIBN

ATINUEAIAIMUTUNUSTENI9UIUATIN (N) AUUSIsuYIaan (V)

| ] | | | |

0 5 10 15 20 25 30

o Hl.: A
IUAUATIN (N) v
=== U TINUYIDENUDY LOR AN 1| © e lL590UUDDNBL LDR FW 2

v o o o o o
e LTIAUVIDONVBY LOR 91701 3 = LTI UTIBOAVBY LDR 6190 4

o o o @ |
i L TIAUYIBDONUBY LOR A9 5 i LLTIAUYIBBNUDY LDR #I1 6

@ w = @ o o
b LAUUIDONUDS LOR @IN 7 e LTI U 1B OAVDY LDR #1791 8

35

C‘ al @ ¢ - o ﬂ’; A st al
FUN 4.12 N3WIARIAAAUNUSTZMINIWIUATIN (N) NULssPuLIaen (V)

o | ar L o % v YA
197190 4.4 ﬂ']LL'ﬁQmuLE]'W’]wmvmﬂaaUﬂ?HLL331MUWQQﬂTQW 3

U

&
AN

Vout (V)

LOR |“LDR | LDR"| LDR | LOR{"LDR [LDR{ ADR | Vou
! | i Lﬂgﬁl

N
=b.
e
=3

§aih | e | e
1 2 3 4 5 6 7 8 (V)

e
=n.
#e
=2
ott
=0

485 (445 | 438 | 478 | 437 | 423 | 3.80 | 4.70 | 4.45

485 | 444 | 437 | 477 | 436 | 4.22 | 3.78 | 4.70 | 4.44

484 | 444 | 437 | 478 | 436 | 423 | 379 | 470 | 4.44

4.77 | 426 | 424 | 469 | 4.29 | 4.18 | 3.70 | 4.55 | 4.33

4.76 | 423 | 423 | 469 | 428 | 4.16 | 3.69 | 452 | 4.32

474 | 422 | 420 | 4.68 | 4.27 | 4.15 | 3.67 | 4.51 4.30

474 | 421 | 420 | 4.68 | 4.27 | 4.15 | 3.68 | 4.51 4.30




4:‘ I s - 14 L4 3 = '
A15197 4.4 AUt RnanadeusisuaslWluionisi 3 (se)

Vour (V)

913 | LDR | LDR | LDR | LDR | LDR | LDR | LOR | LDR | Vi
adall | dail | it | dadt | dadl | il | it | i | wde
(N) 1 2 3 4 5 6 7 8 v)
8 475 | 420 | 420 | 467 | 427 | 415 | 3.68 | 4.51 4.30
9 475 | 420 | 419 | 468 | 4.27 | 415 | 3.68 | 4.51 4.30
10 474 | 420 | 4.19 | 468 | 4.27 | 414 | 3.67 | 4.50 4.30
il 4.74 | 4.20 | 4191469 | 427 | 4.15 | 3.67 | 4.52 4.30
12 4.74 | 4217 4.20 | 468 | 4.28 | 4.15 |~3.68 | 4.51 4.31
13 4737 4.19- | 419 [ 4.67 /(427 1 4.14 | 366+ 4.51 4.30
14 473 418 | 419 4.67 | 427 4.14 |-3.66 [4:50 4.29
15 ara | 4204 4.19 | 469 | 427 | 415 | 3.68 | 450 4.30
16 474 | 419 | 4191468 | 427 | 4.15 | 3.68 | 450 4.30
17 ay4a | 420 419 4.69 | 4.27 | 4.14 3.58 4.50 4.30
18 474 {420 | 419 | 468 | 427 415 | 368 | 4.51 4.30
19 4,73 |114.19 | 418 | 4.68 [ 427 | 4.14 | 367" [ 4.50 4.29
20 4.72 44,18 | 417 | 4.67 | 426 | 4.13 | 3.66 | 4.50 4.29
21 4.73%CRASY L 4.0, P €L 357 4019 Ah9 85 | B9 4.28
22 473 | 419 )| 419 | 467 | 427 [ 4141368 1 4.50 4.30
23 4 705D 4,181 8191067 A~ 37 4.147 366 |4.50 4.29
24 493 417 4.17 | 467 [74.26 |, 414\ 366 4 4.49 4.29
25 4.74 |"4.18.| 417/ |74.67 | 427 1 4147367 | 4.50 4.29
26 473 | 4.18 | 418-|.4.68 | 4.27| 4.14 | 3.67 | 4.50 4.29
27 473 | 4.18 | 4.17 | 4.67 | 426 | 4.14 | 3.66 | 4.49 4.29
28 472 | 4.17 | 4.17 | 467 | 426 | 4.13 | 3.65 | 4.49 4.28
29 472 | 418 | 4.17 | 4.67 | 4.26 | 4.13 | 3.66 | 4.49 4.29
30 472 | 418 | 4.18 | 468 | 4.27 | 4.14 | 366 | 4.49 4.29
Lﬂgfj 475 | 422 | 421 | 469 | 428 | 4.15 | 3.68 | 4.52 4.31
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4.2.2 Tugainagas ( LDR ) falwl
4.2.2.1 nagaulaelduaslnnteluiias

qﬂnsaﬁﬁhlﬁifmaau
1. Module Senser ( LDR )
2. Arduino MEGA 2560 Board
Fumeunsnaaoy
1. WeulAauazenwlvanlanasluluuesa Arduino MEGA 2560
2. seanglwanlugailsutgesiiniuueina Arduine MEGA 2560 ﬁ&LLam’Lugﬂﬁ 4.9
3. milinsefluaslwiluriesdoniniynmuastuiinuaadhunnsei 4.5
6. ATl sTmap HiRsziHanseumdarnsmuanienuduiusssming

FIIUATIN-N) U ARELUDILT U090 (V)

l:‘ ! o (3 IJ ¥ 1 ’Ij :J
13199 4.5 AusiiuIannfaaeuiiaueasiWluia s 1

71

Viou (V)

979U | [LDR | LDR{*LDR | LDR | LDR |'LDR ["LDR | LDR LDR Vi
adodl || Wil | il | Psad | endl e | e | and [end B | wde
(N) 1 2 < 4 5 6 7 8 9 (v)
1 2| 4.03 1730300 BNnalfTaes 73 /6508 | %48 | 38R WH02 3,51
2 AR (64,04 TR0 (K32l 3. LB\ 718] L6 1638 ¥ 3.02 251

3 3.2IN[NL.OF §.3.03 1" 3.5% 3.?3 378 | 3.46 | 382 | 3.02 3.51
q 3.22 | 404 W3.03Y B52; | 373 P38 | 3464 3.82 | 3.02 3.51
5 3.22 | 4.04 | 308w D5tmpmdide T L8 3.46 | 3.82 | 3.02 2.51

6 322 | 404 | 303 | 352 | 3753 | 3.78 | 3.46 | 3.82 | 3.02 3.51

7 322 | 404 | 3,03 | 352 | 373 | 3.78 | 3.46 | 3.82 | 3.02 3.51

8 322 | 404 | 3.03 | 352 | 373 | 378 | 346 | 3.82 | 3.02 3.51
9 322 | 404 | 303 | 352 | 373 | 378 | 346 | 3.82 | 302 351
10 321 | 404 | 303 | 352 | 3.74 | 3.78 | 3.46 | 3.82 | 3.02 351
11 322 (404 | 303 | 352 | 573 | 378 | 346 | 3.82 | 302 351
12 3211403 | 3.03 | 352 | 373 | 3.78 | 3.46 |.3.82 | 3.02 351
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M5 4.5 Aussduenaiiaaeufeuadluiendai 1 (de)
Vout (V)
dM5u | LDR | LDR | LDR | LDR | LDR | LDR | LDR | LDR | LDR | Vi,

\AY

Ze
=b
=e
=
=
o)
=
e
=b.
=28
=
=t
=L
=
=€
=2

a l::
AN

=e
=

ﬂ%ﬂﬁ
(N) 1 4 3 4 5 6 7 8 g (v)
13 421 | 408 | 303 | 352 | 373 | 578 | 346 | 387 | 302 | 351
14 321 (404 | 3.03 | 352 | 3.74 | 3.78 | 3.46 | 3.82 | 3.02 | 3.51

15 321 |1 4.04 | 303 | 352 | 3.73 | 3.78 | 3.46 | 3.82 | 3.02 | 3.51
16 321 | 404 | 3.03 [.3:52|3.73+4.3.78 | 3.46 | 3.82 | 3.02 | 351
il 321 | 40378072 | 3.52 | 3.73 | 3.75 " 2W& | 3.82 | 3.02 | 3.51
18 3.22 903 | IOINISS\\|BAS 32T 1-3.46 W82 | 3.02 | 3.51
19 Y| A3 30XL8GZ | B.7F P B13d6-| 3.\ 3.02 [ 3.51
20 F21 OS] 308D p )7/ kB NIk B 186 | 3.82 V%02 | 3.51
21 347 o Ofmimi> B0 N2/ ol I B il Yoo §82 | 3.51
22 221 QA.QETNTE A8  N\BY 24303 8/ LBdal | G829 3R | 3.51
23 321 PSS BN 3 S 2493 \| 798P rdevq5%2 b B.4A | 32.51
24 321 1 4.03].3.02 | 352 (3,73 378 | 346 | 3.82 [3.02 | 3.51
23 <1 | FpR8 || RO3 N Prann 3 ronediG LA idotem3.82 2307 | 3.51
26 3ZL | S0 F.03 RIBE CL7P4:578 4| GMeIP 3.84C 702 | 3.51
27 AP o 4.0 0N |@.73 /B3 3> | 382 Y702 | 351
28 IR\ | "B | FOANS SR RNIFNTEUT .06 \8.87 4 3.02 | 3.51
ot 32INMA0S HAL2 | 3527 375 | 3.48 L @8 LaiE2 | 3.02 | 351
30 321 | 408\0NQ03 TR L VAN | ©7 L2T#” 382 | 3.02 | 351
wdy | 3.21 4.04 | 3.03=3.32 373 (=378 | 346 | 3.82 | 3.02 | 3.51

A1SASITHINE
INNTIN9UYDY LDR Liaduasunannsenufia LDR 2¢vild LDR vinaruuayliian
3 I aa nl f? 1 b u’j o B ) 2/
dwseanuluA1Aineaiivasa Arduino MEGA 2560 8uld antuthadilduudandu

1 s L3 A
ALLTAUDIANAIINANNITN 4.7

V
V. —=LDRx—"—
out 1023 {47)
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gla
5V
Vou = LDR X (4.8)
1023
o
Ll
LDR = a@inoaiiuasa Arduino MEGA 2560 81ula
FIDENNITATUIAINEUNTTN 4.8
sV
Vom X LDR X .
1023
5V
VDIH 7 657 X
1023
VAE321W
as s [ ] 5 d as at
ATINLEAIANUFUNUSTENT199UIUASIT (N) AU ussduviIgan (V)
000
a50 -+
— 4'00 N U W W, N W L W Y Y VY VY V.YV VN
Z 350 B 2 A P PE 2R T T T TAS P RAN ZE PLN PAN AN PAN AN PAN ZAN FAN ZEN 7N PAN AN PN PN ZAN WAN WX 7
— b b bdbddddddidaddddddddddddidbddd
@3‘00 (o e o P Ty W Y O o o e s et e Bt T Yl g e P e e g WS g M P K |
g 2.50 \N
= 200 +
(Y
z 150 -+
= 108 -+
0.50 -+
0.00 | : | ! | | |
0 5 10 15 , 20 25 30 35
. FIUIUATIN (N) 4
e WTIAUTIDDNYDY LOR FI7 1 e UFUT100NTDI LOR 371 2 el L3991 UI0BATRY LDR F27 3
e b5 4FU 10BN TBY LDR Fail 4 e TSAUY0ONTDY LDR fdi 5 =i LLT9AUTNDDNUES LDR il 6
=@~ 1159 U09NUBI LDR 211 7 e WTAUIDBNUDS LOR H271 8 e W38N LOR G071 9

d a L7 1 o H.j EJ L3 o/
JUN 4.15 N INLEAAIAIUFUNUSTENININUIUASIN (N) AuwsIsuTIoan (V)



af i Y = v o o
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74

Vout (V)

§77u | LOR | LDR | LDR | LDR | LDR | LDR | LDR | LDR LDR Vout
adadl | Wit | dadl | gndl | wail | andl | wadt | oedl | it | i WAy
(N) 1 2 3 4 5 6 T 8 9 (v)
1 322 1404 | 303 | 352 | 3.73 | 3.78 | 346 | 3.82 | 3.02 3.51
2 321 | 403 | 3.02 | 352 | 3.73 | 3.78 | 3.46 | 3.82 | 3.02 3.51
2 321 | 403 | 3.02 | 352 | 3.73 | 3.78 | 346 | 3.82 | 3.02 3.51
a4 321 | 4.03 | 3.03 | sebptmSsi@ua, 2 78 | 3.46 | 3.82 | 3.02 3.51
5 321 | 4047 302 | 352 | 3.73 | 3.78" =346 | 3.82 | 3.02 3.51
6 3.21 903 | AOINSSR\\ | ATV 22T _-3.46 MN32 | 3.02 3.51
i 34V | 403\ 30F I M2 |B.73W, 301346~ 3.8\ 3.02 451
8 F21 70577 208V I /BN S48 126 | 3.82 N\ ®.02 351
9 34 o O Gaipmd JSCTIT2/ BB I | il (Yo 0% .02 591
10 QW1 QA0S Q8 A3 248 38 e/ LR T8l | ©B2 3102 3.51
11 221 PP STl 3PN 352410053 | 2P vrdeown 582 ) 3.42 351
12 QI L OU][N8.08 4 BRI NTE (NBUK | 292 —3.02 3.51
13 21 | T || B.03 N S T TR A Lo dorem3.82 302 351
14 321 | 20INS.03 NI ATV F784|QBMeIP 3.8 7a2 3.51
15 A2Y 4 40003 NSBH (@0.73/B3188 336 | 3682 Y702 3.51
16 32Y | 7404 | 3:03,-3.52h 373378 +3.46 4.3.82 { 3.02 3.51
17 3.21NN04 #A03 | 3.52%7 373 | 3.78 | @B AL2 | 3.02 2.51
18 3.21 | 4.0NSO03 Y &R L BVA [ Bors L’ 3.82 | 3.02 351
19 3.22 | 4.04 | 3.0530l [ Sl o= 8 | 3.46 | 3.82 | 3.02 3.51
20 321 | 403 | 3.03 | 352 | 373 | 378 | 346 | 3.82 | 3.02 251
21 321 1404 | 3.03 | 352 | 3.73 | 3.78 | 3.46 | 3.82 | 3.02 2:51
22 321 | 404 | 3.03 | 352 | 373 | 3.78 | 346 | 3.82 | 3.02 301
23 321 | 404 | 3.02 | 352 ( 373 | 3.78 | 3.46 | 3.82 | 3.02 3.51
24 321 | 404 | 302 | 352 | 373 | 3.78 | 346 | 3.82 | 3.02 251
25 321 1404 | 302 | 352 | 3.73 | 3.78 | 246 | 3.82 | 302 3.51
26 322 11803 4 303-| 3582 | 373 | 378346 L1382 k302 3:51
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A3 4.6 Az R vasouRsuasllutesnil 2 (o)
Vour (V)

YW | LDR | LDR | LDR | LDR | LDR | LDR | LDR | LDR | LDR | Vi,
| | e

e
=b
Be
=b

s ¢=J
FIN

3¢
=b

Uq‘
M

Se
=
Ze
=b.
3¢
=b.

adadt | il
(N) 1 2 3 al 5 6 7 8 9 (v)
27 321 | 404 | 3.02 | 352 | 373 | 3.78 | 345 | 3.82 | 3.02 3:51
28 321 | 4.03 ( 303 | 352 | 573 | 377 | 346 | 3.82 | 302 3.51

29 321 | 404 | 303 | 352 | 3.73 | 3.77 | 3.45 | 3.82 | 3.02 | 3.51
30 3.21 | 4.03 | 3.02 | ebi=tmSuidu, 2 78 | 346 | 382 | 302 | 3.51
e | 3.21 4.04-1.3:02 | 352 | 373 | 3.78 346 | 3.82 | 3.02 | 3.51

NISAATIZIHA
o q' =l 1:4 @ -] 124 o @Y
INNNTYINILYDY LOR (L adiuaeiinnnsenuie s LDR 929111 LDR vauwazlsien
1annapnuLluAfIneaiiuesn Arduino MEGA 2560 d1uld aantusihanfilduutandy

1 al L2 lﬂ‘
ANLITAULLIANAINAUNITN 4.9

V LS DR % 1::? (4.9)
sla

V... =LDRx 13; (4.10)
o

LDR = ifanoaniuadn Arduino MEGA 2560 g1uld

FBENAITAILINAINAUNITA 4.10

V. = LDRx—
1023
7, = 658x 2

1023
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4.00
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LSIAUYIDBN

NFINLANIAMUFUNUTTEUIN991UUASIT (N) AU wseauv1aan (V)

B e te a e a Ve W N0 N, N N W (W W W O W YL L LY
A ZA ZAN AN ZAN AN PAN PAN FAN PAN FAN FAN FUN AN FAN FAN FAN FEN PN VAN ZEN FAN FAN FAN ZUN PN VIN PAN PN FIN 7

b bdbdd
o

& &
L ]

b bddddbdddbdbddddbiddddbdddoodae
L

0

'
I

10

15

20

s as
FUIUATIN (N)

25

30

35

as as <l Y w o o o &
e UTIAUVIDDNUDY LDR 07 | e 591UUI0DNVEE LOR 991 2 | e 115961 U1100AUDS LDR 61971 3

a w al 'Y @ o o |
s LTIAUYTDONUDI LOR AUV 4 i USIAUTIDONUD LDR RIS el L3451 UU108N YDA LDR 61991 6

) o el 1Y) | W W
=@ UTIUVI0INVDY LOR FIT 7 s UTIAUYIEBNUDY LDR FoT 8 s W4AUTIBOAYAY LDR 61271 9

o o o e (R & 4 ) )
JUM 4.16 NIINLARIANNFNNUSTEWNT1UIUATIA (N) NUuseduaeen (V)

= ' ar & < v o o
A1599 4.7 Aussiueinevadeumenadliluiesnsai 3

Vout (V)

§7w7u | LDRJ'LOR | LDR | LDR |- LBR [ LDR | LDR | LDR | LDR | V.
adeit | i | Fi| end | dad | dit | il | it s | wad | e
(N) 1 2 3 4 5 6 7 8 9 (V)
il 321 | 4.04 |-3.02.| 352|373 | 378 346 | 3.82 | 3.02 3.51
2 321 | 404 | 3.03 | 3527373 | 378 | 3.46 | 3.82 | 3.02 3.51
3 321 | 404 | 303 | 352 | 373 | 377 | 346 | 3.82 | 3.02 3.51
4 321 | 404 | 308 | 352 | 573 | 578 | 546 | 382 | 502 3.51
5 321 | 404 | 303 | 352 | 373 | 3.78 | 34de | 382 | 3.02 851
6 322 1404 | 305 | 352 | 373 | B8 | 546 | 5382 | 307 3.51
7 521 | 404 [ 308 | 352 | 373 | 378 | 345 | 382 | 302 351
8 521 | 4904 | 308 | 352 | 373 | 3948 | 5.6 | 382 | 3.0¢ 3.51
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Vour (V)

37w | LOR | LDR | LDR | LDR | LDR | LDR | LDR | LDR | LDR | V.4
adefl | dhil | dafl | dadt | dad | dadt | it | il | it | s A
(N) 1 2 3 q 9 6 if 8 9 (v)
9 321 | 404 | 3035 | 352 | 3.73 | 3.78 | 346 | 3.82 | 302 3,51
10 321 | 404 | 303 | 352 | 3.73 | 3.78 | 3.46 | 3.82 | 3.02 3.51
11 321 | 404 | 305 | 352 | 373 | 378 | 346 | 3.82 | 3.02 351
12 3.21 | 4.04 | 3.03 | Sebietmiyga, 278 | 3.46 | 3.82 | 3.02 2.51
13 322 | 40971805 | 352 | 3.73 | 3.70NMG | 3.82 | 3.02 3.51
14 3.21 904 | IOINIE8R\\(BIB/V38_L 3.46 %82 | 3.02 3.51
15 3| 405 308 T 82 | 3. 7P, 3 B 1-3d6-| 38N 3.02 3.51
16 F21 00~ 08P 2357/ LB\t a8 <790 5.82 \ %.02 3.51
17 347 O o2/ R T3S | e O 08 42 .51
18 DP1 {A.0FT178.08 N BT 2400 W (F(8) UE D | G829 3Dk 351
19 221 PP GERrate @ 2N 352410383 \| 2 PE e 82 b 3.02 3.51
20 3.Zi 4.041.3.03 | 352 [ 373|378 | 346 |.3.82 [~3.02 2.51
21 222, | Tl ||"B.03 W SSmet s e e ¥e [ Gld6la3.82 302 351
22 321 | #0431 3.03 352 (373457842346 1 3.82¢ 3.02 S5
23 122F g 40030 A SO (@3.73/RA ¥ | 3682 702 3.51
24 MY, (PR | SO [NB58= IARNBLE15.46 N8.87 & 3.02 351
25 3.2TNN02 4303 | 3.52%7 395 | 3.48 | @48 LAE2 | 3.02 3.51
26 321 | A NGO Y A L OYVR B8 Ly 382 | 3.02 3.51
27 321 | 4.04 | 3.0l TSl s | 3.45 | 3.82 | 3.02 3,51
28 321 | 404 | 3.03 | 352 | 373 | 3.78 | 3.46 | 3.82 | 3.02 3,51
29 321 | 405 | 302 | 352 | 375 | 378 | 346 | 582 | 307 3.51
30 321 1404 | 3.02 | 352 | 373 | 3.78 | 3.6 | 3.83 | 3.02 3.51
La%"EJ 321 | 4.04 | 3.03 | 352 | 373 [ 3.78 | 3.46 | 3.82 | 3.02 351
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V
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agle
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out 1023 (4.12)
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nageuUsEAnsnwnsiauvedlugalwuees (LOR ) Inenistalw

gunsainldvaaay

1. Module Senser ( LDR )

2. Arduino MEGA 2560 Board

JUADUNITNAFDU

L.

Weulrauazdnlvanlanasliuluuade Arduino MEGA 2560

o ¥ o = <
MNITNAFD UL UNNRARI LR399 4.1

o & o Y ' & )
UIUATIN(N) NU ALRABVDILTINUVIDDA (V)

a 1 o ¢ v a o o
A19199 4.8 AssaueIRnanlaannsUalwase 1

2

v da  a = <l v ' 2 = ¢
3. vaaeulusitnadnuarUaliieldliuasairadmiilugaisues
4.
J

-seanglnnlugatgueefidniuuesn Arduing MEGA 2560 fauandluzuii 4.1

. WA LAINNISNARRILIIP IS ARANS DUNE RN S LARIAILE LTSS TN

W Vour (V)
a%sl | LDR |1DR.| LDR | LBR | LOR | LOR JLOR. [LDR |LOR V.t
(N) | i1 |ohii2 | 673 | siaiia | §aiis | shdls | sail7 | shils | dale | wde (v)
1 498 [4.98 1498 | 498 | 498 | 493 | 498 | 498 498 4.97
2 498 (1498 | 498 | 498 |'498 | 498 | 498 | 498 | 4.98 4,98
3 498 1498 | 498 498 | 498 1493 | 498 | 498 | 4.98 4.97
4 498 | 4.98 .| 498 {498 | 498 | 500 | 498 | 498 | 498 4.98
5 498 | 498 | 4.98 |.498 | 498 | 492 | 498 | 498 | 4.98 4.97
6 498 | 498 | 498 | 498 | 498 | 499 | 498 | 498 | 4.98 4.98
7 498 | 498 | 498 | 498 | 498 | 5.00 | 498 | 498 | 4.98 4.98
8 498 | 498 | 498 | 498 | 498 | 499 | 498 | 4.98 | 4.98 4.98
9 498 | 498 | 498 | 498 | 498 | 499 | 498 | 498 | 4.98 4,98
10 498 | 498 | 498 | 498 | 498 | 499 | 498 | 498 | 4.98 4.98
11 498 | 498 | 498 | 498 | 498 | 499 | 498 | 498 | 4.98 4.98
12 498 | 498 | 498 | 498 | 498 | 499 | 498 | 498 | 4.98 4.98




< ' Y ¢ vy v ~ & o i
M15799 4.8 AUsLeRNaNlAINN1sUalnasan 1 (de)

81

U Vout (V)
afefl | LOR [LDR | LDR | LDR | LDR | LOR |LDR |LDR |LDR | V.,
(N) | i1 | diaiiz | i3 | saita | saiis | dails | shil7 | dhits | shito Wy (v)
13 | 498|498 | 498|498 | 498|497 | a98 | a9s | 98| 497
14 | 497|498 | 498|498 | 498 |49a]|a97 | aos | a9s| a97
15 | 498|498 | 498 | 498|498 | 494 | 498 | 498 | 497 | a97
16 | 498|498 | 498 | 498 | 498 | 496 | 498 | 498 | 498 | 497
17 | 498 | 498 | 4.98 | 4.98-|-4.98-].500 | 498 | 4.98 | 498 | 498
18 | 498|498 {498 | 498 | 498 | 493|498 | 498 | 98 | 497
19 | 498 | 498 | 4.98 | 498 | 498 | 496 | a98 | 98 | 498 | 497
20 | 4981 a98 | 498 | 498 | 498 | 498 | a.98 | a98 | 098 | a9s
21 | 498 |498 | 4.98 | 498 | 498 | 497 | 498|498 | a9s | a97
22 | 981498 ] 498 | 498 | 498 | aoa| a0 | 498 498 | 497
23 | 498 | 498 | 498 | 4.98 [ 498 | 495 | 498 | 098 {098 | ao7
20 | 098 | 498 | 498 | 498 [ 498 | 5.00 ] 298 | 498 | 498 | 498
25 | 498 | 498 [ 498 | 498 | 498 | 499 | 498 | 498 | 498 | a8
26 | 498 | 498 | 4.98 | 498 | 498 | 497 | 498 | aos [a98 | a9s
27 | 498 | 498 | 4.98 | 498 | 498 | 498 | 498 [-a98 ] a08 | a9s
28 |14.987].4.98 | 498 | 498 | 498 | 498 | 498 | 498 | 408 | 498
29 | 498|498 | 4.98 | 498 [ 498 | 495|498 | 498 a9s | ao7
30 | 4.98. 498 |'4.98 | 498 {498 | 5.00 | 498 | 498 | a.98 | 498
Wiy | 4.98 | 4.98 |-4.98 | 498 | 498 | 497 | 498 | .98 | a98 | 407
NTAATITIHE

INNTIINIUYDY LDR tHailuaaunannssnuia LDR 2¢vls LDR viauuasleiean

i inmeanuLuA1ATneadivasn Arduino MEGA 2560 8uls antuthafilduudaaiu

1 a & ‘J
ANLIINUDIANAINANNTTN 4.13

out

14
= LDR x—&—
1023

(4.13)
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e
5V
Vo =LDRx (a.14)
1023
il
LDR = fiamoaiiuasa Arduino MEGA 2560 g1l
F9819MSAUINANALNTT 4.14
5V
V. =LDRX
1023
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VDltf 7 1018X
1023
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NIWLEN AN FUNUETEMISILILATIIN) AU Aaavasusssuuan(V)
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=
tlcN
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&
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o & o
UNIUATIN (N)

JUN 4.19 nymluansruduiussenindIuiuasi (N) fu ALadevesussiuLiaan (V)
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AN5199 4.9 AT nelaann1sUalnaTen 2
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U Vour (V) LT
ﬂ‘?@ﬁ LDOR LOR | LDR | LDR | LDR | LDR | LDR | LDR | LDR Laﬁiﬁl (v)
(N) | faiil | dafi2 | dils | safa | sadls | dhils | sail7 | dais | dadio
1 498 | 498 | 497 | 497 | 498 | 495 | 498 | 498 | 4.98 497
2 498 | 497 | 497 | 498 | 498 | 495 | 498 | 498 | 4.98 4.97
3 498 | 498 | 497 | 498 | 498 | 498 | 498 | 498 | 4.98 4.98
q 498 | 498 | 498 | 498 | 497 | 496 | 498 | 497 | 4.97 4.97
5 498 | 497 | 498 | 498|498 | 497 | 498 | 498 | 4.98 4.97
6 4.97 | 498 | 498 | 498 | 497 | 499 497 | 498 | 4.98 4.98
7 498 | 498 | 497 | 498 | 497 493 | 498 | 498 | 498 4.97
8 498 | 498 | 497 | 498 | 497 | 494 | 498 | 498 | 4.97 497
9 498 (498 498 | 498 | 497 | 495-| 498 | 497 | 4.98 4.97
10 498 | 498 | 498 | 498 | 497 | 500 | 498 | 498 | 498 4.98
11 4.98 | 498 | 4.98 4.98 498 | 4.94 | 498 | 498 | 4.98 4.97
12 497 (498 | 498 [ 497|497 | 496 | 497 | 498 | 4.98 4.97
13 498 | 498 | 497 | 497 | 498 | 500 | 498 | 498 | 4.98 4.98
14 498 | 498 | 498 | 498 | 498 | 499 | 498 | 498 | 4.97 4.98
15 498 | 498 [ 498 | 497 | 498 | 497 | 498 | 498 | 4.98 497
16 4.98 | 4.98-|498 | 498 | 498 | 495 | 498 | 498 | 4.97 4.97
17 498 ['4.98 | 498 | 497 498 | 494 [ 498 | 4.98 | 4.98 4.97
18 498 | 498 | 497 | 498 | 498 | 494 | 498 | 498 | 4.98 4.97
19 498 | 498 | 497 | 498 | 498 | 494 | 498 | 498 | 4.98 4.97
20 498 | 498 | 497|498 | 498 | 493 | 498 | 498 | 4.98 4.97
21 498 | 498 | 498 | 498 | 498 | 498 | 497 | 498 | 4.97 4.98
22 498 | 498 | 498 | 498 | 497 | 500 | 497 | 498 | 4.98 498
23 498 | 498 | 498 | 498 | 498 | 499 | 498 | 498 | 4.98 4.98
24 498 | 498 | 498 | 497 | 498 | 493 | 498 | 498 | 4.98 4.97
25 498 | 498 | 498 | 497 | 498 | 500 | 498 | 498 | 4.98 4,98
26 498 | 497 | 497 | 497 | 498 | 495 | 498 | 4.98 | 4.98 4.97
27 497 | 498 | 498 | 498 | 498 | 496 | 498 | 498 | 4.98 4.97
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tJ I s & Py = 5 = 1
A1599 4.9 AussuerelaInnsUalnASe 2 ()
U Vour (V) Vout

asaA | LOR | LOR | LDR | LDR | LOR | LOR | LOR | LOR | LOR | wde (v)

Vd‘ o ! L% ! Uq‘ Vd‘ Ud’ L7 H Ud‘ VA
(N) | $fl | @2 | a3 | Nd | ff5 | ffie | dani7 | 6998 | dadio

28 498 | 497 | 498 | 497 | 498 | 500 | 498 | 4.98 | 4.98 4.98
29 498 | 497 | 498 | 498 | 497 | 496 | 497 | 498 | 4.98 4.97
30 498 (498 | 498 | 498 | 498 | 494 | 498 | 4.98 | 4.97 4.97
Ay | 4.98 4.97 ( 497 | 497 | 497 | 496 | 4.97 | 498 | 4.97 a.97

AN5AATITIE

o ld = -ﬂlu o v o 7]
NNNTYINIUYDS LDR EI0duaanIannsEnunga LDR Awyiali LDR vineuuazlvan

& | aa H \ i W S o 1 o w
swneanuuiuAnineaiuadn Arduino MEGA 2560 a1uld aantiutheiileuulaadu

AT IANAIINANNISN 4.15

Vv
V. = LDRx—2—
out 1023 (4.15)
awla
S5V
M 2 OR %
out 1023 (4.16)
e

LDR =#n390anuasn Arduind MEGA 2560 guld

FIDUNNISAININNAUNTST 4.16

Vs = LDRx 2
1023

V. —1018x—r
" 1023

V., =498V

out
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U Vour (V) Vout
a%afl | LOR [ LOR [ LOR | LOR | LDR | LDR | LDR | LOR | LOR | wde )
(N) | daii1 | gl | i3 | safla | shails | shails | #ait7 | saiis | o
1 | 050|077 055|125 132 104072102054 o086
2 | 050|077 | 055 | 125|133 114 | 072 | 1.02 | 055 | 087
3 | 050|078 |055|125] 133 118|072 102|054 o088
4 | 050|077 055 125|132 106|071 102|054 086
5 | 049 | 077 | 054 | 1.24{132-{.105 | 071 | 1.02 | 054 | 085
6 | 050 | 0774055 | 125 | 132 | 1.124071 | 102 | 050 | o087
7 | 050 |078 | 055|125 | 153 {114 | 072 {.1.03 | 054 | 087
8 | 050/ 078 | 055 [ 125 | 133 | 1.05 | 072 | 1.0 054 | 0.86
9 | 049 [-077 | 054 | 124 | 1321 1.05 ] 071 102 | 050 | o085
10 | /0504077 | 0561 1.24 /| 1.32- |11 | 0.72 [103-| 050 | 0.6
11 /| om0 {077 [ 0.547) 1.2a { 132'] 109 | o7t |02 Fosa | 0.6
12 | 050 077055125 |"132 | 104t 072|103 [ 050 | 086
13 || 0501078055 |/125 | 133/| \toa | 072/ ] 1008 [-050 | 0.6
14 | 050 | 078 |'0.55 | 125 [ 133 | 115 | 072/} 104 [F055 | 0.8
15 050 | 078 | 055 | 1.26 |c1.30 | 104 | 072 [-1.0a) 055 | 0.86
16 [10497} 0.771-0.58-{1 126 | 132 [ 108 | 071 | 102 |05a | 086
17 | 050|078 | 0.55 | 1.26-{ 134 117|072 | 104 ] 051 | o088
18 | 050 4.0.78 [0.55 | 1251133 | 1.15 | 072 |.4.08 | 055 | 0.87
19 | 050 | 0.77.]40.55 | t25/] 133 110 | 072 103 | 050 | o087
20 | 051 | 0.79 | 055126138 | 1.05] 073 | 1.05 | 055 | o087
21 | 050 | 078 | 055 | 126 | 138 | 1.13 | 073 | 1.0a [ 055 | o0.88
22 | 051|080 | 056 | 127 | 1.35 | 1.18 | 073 | 1.04 | 055 | 0.89
23 | 050 | 0.78 | 055 | 1.25 | 1.33 | 1.07 | 072 | 1.03 | 054 | 0.86
24 | 051 | 079 | 056 | 127 | 1.35 | 1.04 | 073 | 1.05 | 055 | 087
25 | 050 | 079 | 055 | 1.26 | 134 | 1.16 | 0.73 | 1.04 | 055 | o0.88
26 | 050 | 0.79 | 055 | 1.26 | 1.33 | 1.05 | 0.71 | 1.04 | 055 | 0.86
27 | 050 | 078 | 055 | 126 | 1.3¢ | 1.04 | 073 | 1.04 [ 055 | o086
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1| 051 }.079°}20.55 | 126 | L3¢ | 116/ 073 | 1.05.] 055 | 0.8
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Abstract

In this article, we design and construct the solar tracking system with new
sensor module. We made it from 8 LDR sensor has a scale of 5 millimeter for
tracking the azimuth and altitude angle. We use the compass for checking the default
setting for solar tracking system by setting at the North and we use the NOAA eq. to
calculate of the azimuth and altitude angle of the sun movement at latitude 13.72812°
and longitude 100.780125° of King Mongkut’s Institute of Technology Ladkrabang,
Bangkok. We compare the tolerance of the azimuth and altitude from the solar
motion. Our experimental result is tolerance of the azimuth and altitude angle from
our solar tracking to control with a new sensor module and compare with NOAA eq.
will be less than £2° that is acceptable for NOAA eq. Therefore, this system is high



accuracy for tracking the sun and we can apply this system to collect heat so that will
use latitude and longitude to these identify for a high accuracy of solar tracking.

Key Word (s): Solar tracking system, azimuth angle, altitude angle, NOAA equation.
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Abstract

Solar Tracking System plays a vital role in the maximum generation of solar energy. However, the design of the sun tracker
which was currently in use is very complicated and expensive. Those sun tracker units are heavy and seems to be difficult to
install and prone to breakdown. This project aims to design an automatic Solar Tracking system which overcomes the above
mentioned problems. In this process one axis three position solar tracking system was developed, to reduce the complexity and to
shut down the cost and the same has been tested. Taking into consideration, the high efficiency with the lower cost, Light
Dependent Resistor (LDR) sensors have been used in this project to track the sunlight position. Two LDR sensors one facing East
and other facing West senses the intensity of sunlight and the result will be compared. The difference in the intensity will be
calculated by the Programmable Interface Controller (PIC controller) which was fixed below the paraboloidal dish solar
collector. If there is any difference in values, the controller sent the signal to the DC geared motor that passes through the
amplifier which amplifies the signal according to that of DC geared motor. At once the motor receives the signal it tilts the solar
collector. The above process will continue till the intensity of sunlight received by both the sensors is same. In this way,
paraboloidal dish solar collector collects the maximum sunlight which will be converging to a black receiver for the maximum
heat production. The test result shows that, the one axis three position tracking device is able to track and follow the Sunlight
intensity in order to get maximum solar energy in the form of heat irrespective of the motor speed.
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1. Introduction

The basic principle of solar thermal collection is that when solar radiation is incident on a surface (such as black
body) a section of this radiation is absorbed and causes to extend the temperature of the surface [1]. The standard
solar flux concentration ratio typically obtained is at the level of 30-100, 100-1000, and 1000-10000 for trough,
tower and dish systems, respectively [2]. The parabolic dish system employ a parabolic mirror-shaped dish, or a
modular mirror system that alike parabola, and integrate two-axis tracking to hub the sunlight onto cavity receivers
which is placed at the focal point of the dish[3,4]. The receiver may absorb the energy and converts it into thermal
energy. This could be either used directly in thermal applications or for power generation purposes. The operation of
any solar thermal energy collector may be represented as an energy balance between the solar energy absorbed by
the collector and also the thermal energy removed or lost from the collector [5, 6].

In order to generate assured maximum power output from concentrating collector, sunlight’s angle of incidence
has to be perpetually perpendicular to the solar collector. This requires continuous tracking of the sun’s apparent
daytime motion, and thus develops an automated sun tracking system that brings the solar collector and locates it in
such a way that direct sunlight is usually targeted on the concentrating dish parabolic solar collector. This paper is
regard moving a solar concentrating parabolic dish collector [26] towards the direction of sunlight; it uses a gear
motor to manage the position of the solar collector, which obtains its data from a PIC16F84A microcontroller. The
main principle objective is to design and implement an automated, double-axis solar-tracking mechanism using
embedded system design so as to optimize the efficiency of overall solar energy output [9]. Two light dependent
resistors (LDR) are used for every degree of freedom. I.LDRs are primary a photocells that are sensitive to light.
Software developed permits the PIC to detect and obtain its data from the two LDRs and then compare their
resistance. The two LDRs are located in such a way that if one among the two comes under the shadow, the MCU
will ascertain the change in resistance and thus trigger the motor to maneuver the solar collector at a position where
the light upon each LDRs is equal. Two identical circuits that placed separately will operate foreach axis [9, 10, 25].

2. Light Detector Theory

A light detector is the most typical electronic component which is easily found. The simplest optical sensor is a
photoresistor or photocell that could be a light sensitive resistor made of two varieties, cadmium sulfide (CdS) and
gallium arsenide (GaAs) [10]. The sun tracker system designed here uses the cadmium sulphide (CdS) photocell for
sensing the light. This photocell, an inert component is connected in asynchronous with capacitor whose resistance
is inversely proportional to the amount of light intensity received by it and is based on the parameters such as its
dark resistance and light saturation resistance. The term light saturation implies that any rise in light intensity to the
CdS cells won’t decrease its resistance any more [10, 11], Figure 1 shows the scale of the light dependent resistor.
Light intensity is measured in Lux (Symbol: 1x), the illumination of sunlight is approximately 30,000 Ix. From the
graph shown in fig 1 it could be clearly seen that the resistance of the LDR is reciprocally proportional to the light
intensity that as the light intensity will increases the resistance of the LDR decreases [11].

Resistance (£2)

Light level (lux)

Fig. 1 Light Resistance characteristics
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3. PIC16F84A Architecture Design Detail

There are three types of PIC16F84A packaging designs available in the market: PDIP (18-Lead Plastic Dual In-
line), SOIP (18-Lead Plastic Small Outline), and SSOP (20-Lead Plastic Shrink Small Outline). PDIP type
packagings are used for the solar tracker embedded design. Figure 3 illustrates the PIC16F84 A PDIP [17] and shows
the name and pin positions [13, 14, 18]. The PDIP has three key options that satisfy the objective. These are [23,
24]: 8 bit multi-channel analog-to-digital converter, 13 input/output pins, 64 bytes of data EEPROM memory. The
internal hardware architecture design of PIC16F84A is represented by the block diagram shown in fig 2.

RA2 «—»[]-1 & 18[J¢—» RA1
RA3 «—»[]2 17[Je—» RAD
RA4/TOCKI«—»[|3 16[J¢—— OSC1/CLKIN
MCIR —{]4, | | & /  15[}—»0sc2/cLkouT
vss—[]5 || & 14[}¢— VoD
RBO/INT «—»[]6 § 13[Je—> RB7
RB1 «—[]7 1z[Je—> RBB
RB2 «—»{|8 11[]e— » RB5
RB3 «—»{|9 10[Je—» RB4

Fig. 2 PIC16F84A Pin Positions

13
' Do e || EEPROM Data Memory
FLASH 1 r -
oyt - EEPROM
8 Level Stack ' Data Memory|
Ve (138) BAxE
Program
Bus 7|14
Instrucbon Register
5 Dirgct Addr TMRO

Power-up
Timer
i HILR: Oscillator
Decode 8 [F— Start-up Timer ALU
Power-on I | - g RAIRAD
R | X

ol [o=s] | M0 o] rerser
5 2 K

OSCACLKOUT MCLR  vpp, Vss
OSCIICLKIN

Fig. 3 Block Diagram of Internal Architecture of PIC16F84A
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All the blocks of fig 3 are main bits of hardware and also the lines that connect them are referred to as buses.
These buses are basically small parallel lines along which data can be passed at the same time from one hardware
block to the other. The number besides each bus indicates the number of lines present at intervals in that bus,
denoting the bits that can be sent on these buses.

4. Motor Driver

Fig 4 shows the H-bridge that is used to control the motor [20, 21, 22]. The PIC16F84A controls the H-bridge
which consists of four transistors 2N2222, Four Diodes 1N4148 and two 10KQ resistors. Although any NPN
transistor can be used, it was decided to use CS9103 NPN transistor for tracker circuit as it is capable of handling
high current up to 500mA as compared with 2N2222 which is sufficient to power up the motor. On first trial run of
the H bridge it was known that the speed of motor was not controlled and was moving very fast, to solve this
problem a variable resistor bank was connected and a resistance of about 6 Ohm was set. This enabled the motor to
move slowly producing the same amount of torque [12, 15, 16].

Vee

Sealed 12V dc Lead acid battery

12N2222
i K Q32N2222 ‘ }
Q22N2222
Q4 2N2222 }
R2
1
. 12Vdc Motor used for testin,
b Vero board with all &
] components soldered
Fig. 4 H- Bridge Motor Control Fig. 5 Model equipments

The 1N4148 diodes were preferred to mount on all four transistors because the PIC microcontroller is very
sensitive to electrical spear (which may be the reason to a reset or lockup); the diodes are coupled transversely the
collector-emitter junction of each transistor. Their purpose is to stop any electrical spear caused by switching the
motor’s winding on and off.

5. Voltage Regulation

The PIC16F84A requires a synchronized supply of D.C voltage of 5 Volts, the 7805voltage Regulator is used to
supply the voltage required by the microcontroller.
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6. Assembly of Printed circuit board

Before the illustration diagram was designed for the program a model was prepared onto a Vero board and tested,
all errors were resolved prior to final plan be prepared, and fig 5 gives an idea about the model. The schematic
figure was designed part by part on a program called Easy PIC professional, which is used to build layouts of any
circuit. An ultimate project was formed with each one of the components were selected and carefully positioned
onto the grid, each pad and hole were added according to the size of the various parts used. Fig 6 shows a complete
schema of the program. Once the designing step was completed, the circuit diagram was printed on a special
translucent paper using a plotter, and the subsequent steps were taken: Cut the printed circuit board (PCB) according
to the dimension of the design. Clean with any abrasive material. Add photo defy film to PCB. Positive
photocopying polish was used. The PCB was sprayed from a distance of about 20cm. Let polish layer to smoothen
for at least 2 min. The photo defy film was dried out using hot air gun for about 1 min. The pad hole film paper was
placed onto PCB (copper side) and stick with bonding agents.

a. The PCB was placed into the ultraviolet (UV) exposure unit and exposed to UV-light for about 2 to 3 min.

b. The PCB was etched in Sodium Hydroxide NaOH (5,8¢g/1) solvent, to eliminate all the photo defy film and
then it was washed in water.

c. The PCB was then etched using one more compound called ferric chloride, which eliminates all the

unnecessary copper.

d. The last step was to bore holes on the PCB by means of a high speed precision drill tool.

e. Once PCB has been pierced, the various parts were placed into the board and soldered by a soldering gun.

7. Programming PIC16F84A

WinPic800 is an open application and its executable file can be downloaded from www.winpic800.com. With a
few uncomplicated steps the executable can be set up within the PC at any desired place. After the installation is
successful the program can be started through the Program Files menu on Windows. Once WinPic has been started
the initial step is to connect the program to the CPU’s COM wvia serial cable. The subsequent step is to choose the
type of programmer which the WinPic800 will be using and also specify which COM port is connected to the PC.
This is done by clicking the Hardware button under the settings tab situated in the main toolbar.

8. Assembly of the solar tracker model

The solar tracker model contains both degrees of freedom: azimuth and altitude. Two LDR sensors module and
two control circuits are employed in both degrees of freedom. The crucial perception is that two CDS cells will be
attached to port RB2 and RB3 of the PIC. As shown in figure 6, the two photocells will be placed on a small straight
member of steel dish collector in east and west track. The concept is that if both the photocells are equally
illuminated by the sun, their resistance level will be the same. As long as the resistance is the same with an error
margin of £10 points, the PIC will analyze this data and thus will not create any signal to start the motor. Whereas in
the case of figure 7, if one of the sensors move towards underneath a shadow, in that case the PIC will sense this
change and thus it will start the motor to shift the sensor unit to a position where equal light is being illuminated on
both of them. The PIC is programmed to acquire its resistance data from the two LDRs and to trigger the motor in
either clock wise or anti clock wise motion depending on the LDR which is under shadow. The basic layout of the
software design is illustrated in the flowchart (figure 8). Figure 9 shows the complete flowchart which illustrates in
detail how the code for the PIC will be printed and what functions it will perform.

g *
e

Fig. 6 Sensor unit Fig 7 Operation of Sensor unit once an LDR comes under shadow
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9. Process of the solar tracker circuit

The process of the solar tracker is easy to understand, as it works by using a PIC16F84A which contrast the light
intensity illuminated onto the LDRs. The logic that works on the Microcontroller to sense the signal is based on a
resistance capacitor timing circuit,(RC constant), this is essential in order to rest the pre-scalars on the program that
will be stored within the microcontroller. Once the signal is supplied into the input for RB2 and RB3, the program
judges the two input values and then the difference is noticed and transmits an output signal from port RB0 and RB1

to allow the motor rotates clockwise and anti-clock wise respectively.

The signal that transmits from output port RBO and RB1 is of logic level 1 and 0, logic 1 indicates the higher
level and 0 is to indicates lower level, when a logic high transmits to the base of the transistor, it rejuvenates and
creates a closed circuit, hence a current flows through the motor, only two transistors can be toggled on and off at a

time.

Fig. 8: Basic Software propose Flowchart
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Fig. 9: Exhaustive Software propose Flowchart

10. Conclusion

It has been established through research that solar tracking system with single-axis freedom can amplify energy
output by approximately 20%, whereas the tracking system with double axis freedom can amplify the output by
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more than 40%. Thus this work was to develop and put into practice a solar tracking system with both degree of
freedom and which sense the sunlight using sensors. The control circuit for the solar tracker was based on a
PIC16F84A microcontroller. This PIC was the intellect of the complete tracking system, and it was programmed to
sense the sunlight through the sensors and then trigger the motor to position where maximum sunlight could be
elucidated onto the surface of the solar panel After many hindrance in testing of the solar tracker, a lot of time was
required to be set sideways for verification and testing due to the volatility of the weather and sort out of errors. The
tracking functioning is successfully attained with complete design of two degree of freedom using the PIC
microcontroller. Appropriate parts and gear dc motors are used for the sample model, which reveal a
understandable, unwavering and clear-cut movement to face the sun.
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The concerns due to pollution and depletion of traditional energy sources and increasing consumption
motivates the use of renewable energies. Phatovoltaic energy presents advantages like low cost for
maintenance, installation in remote locations, besides not generating environment impacts during
operation. However, the cost of photovoltaic energy sources is greater than traditional ones due to,
among other reasons, irradiation losses. The objective of this worlk is the development of a two-axis solar
tracker and performance evaluation of a solar panel, compared to a fixed system. The tracker uses LDRs to
identify sun movement direction and engines adjust the panel position, according to the control per-
formed by an electronic device. Each system is composed by a mechanical structure, a solar panel and a
resistive load. The electronic device, besides engines controlling, performs the measurement and storage
of luminosity and irradiation information over the panel. The evaluation of the two systems occurred for
152 days, between 2016's June and November, in southern Brazil, The panel with tracking system pre-
sented average monthly gains varying from 17,20% and 31,1%, indicating that this is an alternative to
make photovoltaic energy more attractive.

© 2017 Universidade de Santa Cruz Do Sul. Published by Elsevier Ltd. This is an open access article under

the CC BY-NC-ND license (http://creativecommaons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Energy has been essential for the development of society over
time. The increase of energy consumption since the industrial
revolution has led to concerns associated with environmental im-
pacts and resource depletion, particularly because most of the en-
ergy originates from fossil fuels such as oil and coal. Fossil fuel
depletion and global warming are the two most important con=
cerns for the sustainability of energy systems in the future [1].
Energy dependence, the limitation of fossil energy sources, and the
negative environmental impacts of fossil fuels have directed re-
searchers towards renewable energy sources [2]. The efforts to
reduce the use of fossil fuels and greenhouse gases emissions,
related to electricity generation, have been leading to a fast increase
in the development of renewable generation [3].

Nevertheless, the renewable energies account for only 13.20% of
the worldwide energy consumption in 2012 [4]. Photovoltaic (PV)
energy is an alternative energy source for the future due to the

* Corresponding author.
E-mail address: elpidio@unisc.br (E.O.B. Nara).

http://dx.doi.org/10.1016/j.renene.2017.08.079

world's limited energy resources [5]. Photovoltaic technologies
have been highlighted as an ideal source of energy due to its non-
pollution performance in the way it produces electricity by har-
vesting the energy available from the sun, which is free source of
energy, once the facility of has been built [6]. Among the renewable
energies, photovoltaic energy has drawn considerable attention for
being a renewable, inexhaustible, and nonpolluting source [7]. This
energy has positive advantages when compared to hydraulic en-
ergy, which is also renewable but criticized in terms of its social and
environmental impacts caused by the flooding of lands [8]. How-
ever, photovoltaic energy is more expensive than the traditional
sources [9] and considerably expensive than hydraulic [8]. More-
over, the photovoltaic panels are typically mounted on fixed
holders, i.e., they do not follow the variation of the solar position,
resulting in less efficient systems [8]. Therefore, enhancing this
energy to be more competitive is an important step to increase its
participation in the energy matrices.

A photovoltaic panel receives maximum solar radiation when it
is perpendicular to the rays of sunlight, which is a factor of direct
relation to the yield of system [10]. As the solar position varies
during the day, the solar tracker is considered to be one of the main
approaches to increase the energy generation efficiency [11,12]. A

0960-1481/© 2017 Universidade de Santa Cruz Do Sul. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
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promising solution to cope with these problems is the use a solar
concentrator in conjugation with a solar tracker [13]. The tracking
mechanism is expensive because it requires high cost for installa-
tion and maintenance of the generation system. Moreover, it con-
sumes energy, which requires the evaluation of the viability of its
use [ 14]. The trackers can be passive, when the panel moves owing
to the difference of fluid density, or active, when motors position
the panel. The most common active trackers are as follows [11]:

e Trackers based on optical sensors and microprocessor: the
trackers have at least two optical sensors with an angle differ-
ence. When there is a difference in the received light, the motor
is activated using a microprocessor until both of them receive
the same light intensity and are electrically balanced, indicating
a position perpendicular to the rays of sunlight.

Trackers based on date and time: a computer calculates the solar
position based on date and time, and it controls the motors for
achieving the desired position.

In terms of worldwide research in photovoltaic based energy
generation, it is possible to observe in last few years (Graph 1) an
increase in the number of publications on solar tracking systems,
particularly in Asian countries and in the United States. Some of the
mechanisms described in publications of journals and congresses
are presented in this study [15,16].

The authors in Ref. [10] compared the yield of a system with
fixed photovoltaic panel and another panel, which is equipped with
single-axis solar tracker. In this study, the systems were evaluated
in clear sky days during the summer of the year 2000, from 5:00 to
19:30. The system used two light sensors separated by a barrier,
which generates shadow according to its position. The mechanism
consisted in the pursuit of balance in the reading of the light sen-
sors. The authors observed that the average increase was higher
than 20% when the system was used with the tracker.

A similar study performed in Ref. [9] considered the consump-
tion of the motion mechanism. The tracker panel was positioned on
the basis of the measurements of two sensors. The fixed and maobile
systems operated simultaneously for 30 days, in 2014, with a data
acquisition system recording the data every 15 min, from 8:00 to
19:00. The authors classified the climate conditions as clear sky (15
days), partly cloudy (9 days), and cloudy (6 days). The daily average
registered a 12—20% increase in the yield.

The authors in Ref. [8] developed a dual-axis tracker and
compared it with a fixed system. The sensor technique was similar
to that presented by Ref. [10], however, with three light sensors.

uWeb of Science mScopus
30
20
10
0 e
2008 2009 2010 2011 2012 2013 2014 2015

Source: [15][16].

Graph 1. Evolution of the number of studies and reviews on solar tracking systems in
the Web of Science and Scopus databases since 2008. Searched terms: Title: ((solar or
sun) and track*) AND Topic: (photoveltaic not MPP* not "Maximum Power Point
Tracking”).

Some aspects defined in the algorithm were the correction of the
position through the shortest path, the return to vertical and hi-
bernation during the night, and the use of one motor at a time. The
experiment was performed on November 18, 19, and 20 and on
December 11, 12, and 21 of 2010 in the city of Vigosa, MG, Brazil.
Two days had clear skies, two days had cloudy skies, and the other
two had clear skies during most of the day, with summer rain.
Subtracting the energy consumed by the mechanism, the energy
increase ranged from 34% to 56%.

The dual-axis tracking system, developed by Ref. [17], also ap-
plies the photosensor balance technique for tracking the solar po-
sition. Two are used for the north/south motion, and another two
are used for the east/west motion. At the end of the day, the panel is
stationary, facing west, and this blocks the photosensors from
receiving light in the next morning. To enable the return of the
panel to the origin, two east-facing photosensors were added to the
fixed structure. The yield increase of the fixed panel ranged from
20% to 28% according to the climatic conditions.

A single-axis tracker was developed in Ref. [12]. The primary
axis covers the variation of solar inclination from one day to the
other, while the secondary axis, which is perpendicular to the
primary, follows the solar motion during the day. In this project, the
use of the sensor was dismissed, provided that the axis was fixed
for constant rotation of 15°/h. The tests were performed on July 17
and September 12, in the city of Weihai, Shenzhen, China. The data
were collected every 10 min, from 8:00 to 19:00. The average in-
crease in power was 31.80%.

Table 1 presents the main points of the related studies. It is
possible to note the maximum period of test adopted, varying
from 3 days to one season. This work discusses the development
and performance of a dual-axis solar tracker, considering its
monthly behavior profile along 152 days, comprising winter and
spring seasons of southern Brazil. Also, in contrast to the cited
references, this work evaluates the movement cost of the PV
system, according to the energy generated in periods of reduced
irradiation, typically found in winter season. The PV system
embedded algorithm considers the minimum luminosity condi-
tions and has the purpose of rationing the motors, by saving
energy. In addition to the tracker, an holder was constructed for
the fixed panel, which served as a reference. The two sets were
compared for six months, including the winter and spring
months, to identify the difference in the results of the average
irradiation.

To study the alternatives for the enhancement of the photo-
voltaic energy yield, this paper presents the development of a dual-
axis solar tracker, The main contributions of this work are: (i) the
conceptual design of the solar tracker, characterized by its move-
ment based on two independent perpendicular axis and (ii) the
activation embedded algorithm for the solar tracker engines, with
optimizes the movement during the solar tracking process. During
a period of 152 days, from June to November 2016, irradiation data
were collected about the tracking panel and one fixed panel, which
was used as reference. The aim is to obtain the difference between
the yields of the systems, considering the consumption of the
tracking mechanism.

2. Methodological procedures and application of a proposed
solar tracker

2.1. Electronic panel

The electronic panel was developed for reading the signals of
the sensors, storing and processing the information, and control-
ling the movement of the motors. The panel is fed by an external
source connected to the electrical grid; therefore, it is independent
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Table 1
Summary of related studies.

Method Period of test

2 photosensors with balance of Summer of 2000
shade

2 photosensors

3 photosensors with balance of
shade

Hour and Date

30 days, from May to June of 2014 —

December 2010

17 of July and 12 of September
2 photosensors (N/S) + 2 - Lybia
photosensors (Dawn)

2 photosensors inclination (N/S) + 2 152 days, from June to November Santa Cruz do

photesensors inclination (L/0) Sul, Brazil

Damascus, Syria 33° N

3 days of November and 3 days of Vigosa, Brazil

Harbin, China

Latitude Parameter of Earn Author

comparison

Fixed, inclination 33°  >20% Al-mohamad [10]
- Fixed, inclination 30°  12-20% Lazaroiu et al. [9]
218 Fixed, inclination 21 52,70% Carvalho et al. [8]
45° N Fixed, with 42,4° and 31,80% Yao et al. [12]

43,5°
33N Fixed, with 33¢ 20-28% Serhan e El-Chaar [17]
29,7° S Fixed, inclination 29,7° 17,20%-31,1%  This work

Source: The Authors.

of power generation by the photovoltaic panel or battery. This
option was provided for avoiding interferences from the battery or
the power consumption of the motors for reading the data collected
by the panels.

The nucleus of the panel is fabricated using the PIC18F452 mi-
crocontroller from the company Microchip Technology Inc.,
including eight A/D (analog-to-digital) converter inputs with 10-bit
resolution and an operating voltage of 0—5.5 V. This allows the
microcontroller to read an input voltage of 0—5 V in the port and
convert the result to a digital value from 0 to 1023 (2'9).

The analog inputs perform the reading of the values of LDR1,
LDR2, LDR3, and LDR4, current from the fixed and mobile panels.
The digital inputs read an encoder present in each motor and the
east and west limit switch. This information is not stored and is
only used for assisting the motor control. According to the climatic
conditions and the time, the outputs activate relays that, in turn,
activate motors 1 and 2.

2.2. Photovoltaic panel

The units used for converting solar energy into electric energy
are of Solaris brand, model S30P, which is fabricated using
polycrystalline silicon and has 520 mm % 510 mm dimensions
(an image of the two mechanisms will be provided). The short=
circuit current and open-circuit tension values are, respectively,
1.84 A and 2156 V, whereas the current and tension in the
maximum power point are 1.74 A and 21.56 V. To obtain the
reading of irradiation, each panel was connected to a set of three
5R6 resistors in parallel, generating the equivalent resistance of
1R866. From this, the tension of the photovoltaic panel was
measured in the A/D input of the microcontroller. From the
measurements acquirement, the panel generates a current of 1.84
A in short circuit, which is exposed to the irradiation of 1000 W/
m?, according to manufacturer specification document [18].
Thus:

V=RxI
V =1.866 x 1.84 (1)
V=3433V

This tension is measured by the A/D input of the panel and
converted to digital values, where 0V is equivalent to 0, and 5 V is
equivalent to 1023. Considering the linear proportion between
variables, the tension of 3.433 V results in the digital value of 702.
Therefore, when the panel reads the equivalent tension of 702, the
panel is exposed to the irradiation of 1000 W/m?.

2.3. Motion mechanism

The tracker system is composed of a base, north/south motion
set and sensors, east/west motion set and sensors, and a photo-
voltaic panel. The base and the pole (Fig. 1 — position A) support the
rest of the components and allow the orientation angle of the panel.
The system presented in this paper can be classified as pseudo-
equatorial, according to [19], once daily orientation (Motor 2,
Fig. 1 — position D) occurs relative to seasonal inclination (Motor 1,
Fig. 1 — position B).

The engine Motor 1, from the north/south mechanism (Fig. 1 —
position B), follows the solar inclination caused by the translational
north/south movement of the Sun throughout the year. This
mechanism works as a response to the readings recorded by the set
of light sensors (Fig. 1 — position C) of this axis, named LDR1 (north)
and LDR2 (south). The engine Motor 2, from the east/west mech-
anism (Fig. 1 — position D), comprises the variation of the east/west
azimuth angle, such movement covers the effect of the Earth's
rotation. The set of sensors (Fig. 1 — position E) that directs this axis
is produced by LDR3 (east) and LDR4 (west). Finally, the photo-
voltaic panel (Fig. 1 — position F) was attached to the motion
mechanisms.

The angular amplitude is supposed to cover the majority of the
possible solar positions. In the north/south direction (Fig. 2a), the
variation from 0° to 60° covers the entire variation of the solar
inclination throughout the year. In the east/west direction (Fig. 2b),
the variation of the azimuth angle from 60° to —60° does not cover
the early-morning and late-afternoon positions. However, this
variation was considered sufficient for this study, considering the
geographic conditions of the environment, the solar intensity in the
uncovered periods, and the possibility of increase of motor
consumption.

2.4. Motor and sensors

Each motion set has one DC motor and one set of worm gears.
The motor has a gearbox, which guarantees lower speed and in-
creases in torque, The axis rotation of the motor is transferred to a
worm drive that, in turns, moves a worm gear. The 60° amplitude of
the north/south motion was achieved in 13.8 s, whereas the east/
west motion required 27.7 s. In practice, this time can vary ac-
cording to the load and climatic conditions, such as wind and rain.

The signals from the sensors are part of the stored information
and are used by the electronic panel for its motion control. The
activation of the motors is based on climatic conditions, such as the
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Fig. 1. Solar tracking system.

luminous intensity and direction, which are captured by light-
dependent resistors (LDRs) or photoresistors. In this type of
component, the resistance varies according to the luminosity on
the sensitive side. Each LDR integrated a voltage divider, whose
output is proportional to the variation of resistance, and the output
was read using the microcontroller. Two LDRs, set up on a support
whose faces form an angle between them, constitute a set or
modulus of light sensors (Fig. 3).

The direction of the Sun is provided by the comparison between
the light on the two LDRs that form a set. When one of them in-
dicates greater luminosity, the rays of sunlight are more aligned
with this sensor. Therefore, the motor should be activated for this
side until there is no difference between the values from the LDRs,
indicating the perpendicularity of the panel in relation to the rays of
sunlight.

The solar tracker is equipped with two sets of light sensors. The
first, composed of LDR1 and LDR2, is oriented towards the north/
south axis, to follow the slow variation of the solar elevation

Fig. 2. Amplitude of the movements of the tracking mechanism. (a) North/south di-
rection (for solar inclination). (b) East/west direction (for azimuth angle variation).
Source: The Authors.

throughout the year. Meanwhile, the set equipped with LDR3 and
LDR4 reads the variations of the solar azimuth angle, i.e., they are
responsible for the daily motion.

To avoid structural damages to the tracker and to help the
positioning of the panel, limited switches were mounted in the east
(sunrise) position and west (sunset) positions. With the activation
of any of the switches, the mechanism stops. Additionally, an
encoder was mounted in each motor with the purpose of evalu-
ating the possible unexpected treatments. Knowing the rotation of
the motor, it is possible to evaluate whether the axis rotates slower
and turn off the motor before it is eventually damaged.

2.5. Daily climate profile

The atmosphere produces a considerable interference for the
incoming irradiation on the surface, provided that clouds and
rainfall block or decrease the passage of the rays of sunlight. If most
days in a month are sunny, the irradiation at the end of the month is
expected to be higher in relation to a month with mostly rainy days.

To help explain the monthly results, the days were separated
according to the climatic profile. The parameter used for classifying
the days was the average irradiation value achieved using the fixed
panel. The irradiation values from the fixed panel, measured every
minute, were added, and the result was divided by the number of
daily sunlight minutes in the location, also called the photoperiod.
The photoperiod is the range between the sunrise and sunset in a
specific location and date [20]. The ranges for values used to classify
the daily profiles were established based on the irradiation mea-
sure of days with well defined climatic characteristics. For example,
it has been observed that sunny days with few clouds exceed the
average irradiation of 560 W/m? per hour. On the other side, a rainy
day can reach an average irradiation of 350 W/m? per hour.
Therefore, three profiles were defined:

e sunny:average irradiation that is equal to or higher than 560 W/
m?, representing the days of full sun;
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o sunny with clouds: the presence of sparse clouds or clouds that
allow the passage of most of the sunlight, showing average daily
irradiation between 370 W/m? and 560 W/m?;

» cloudy or rainy: average irradiation that is equal to or lower than
370 W/m?. This profile includes days with predominance from
clouds that allow the partial passage of sunlight to rainy periods.

Despite the arbitrary definition of ranges, the average irradia-
tion standardizes the criterion and decreases the chances of sub-
jective classification. This classification does not identify the partial
periods of climatic situations, provided that the used parameter
was the average daily irradiation.

2.6. Algorithm

The code used by the microcontroller for executing the tasks
started from the algorithm is shown in Fig. 4. The configurable
parameters can be changed for examining the function of the
mechanism in different configurations.

Within the operational schedule, the values from LDR1 to LDR4
and the current from the fixed and mobile panels were measured
every 6 s and stored in buffer. After 10 (1 min) readings, the values
were averaged. The effect of fast and temporary transitions, such as
clouds, was minimized using the averages, by increasing the
chances of efficacy in the motion. The averages were the parame-
ters used for decision making and constitute the information stored
in the memory. Therefore, every hour, approximately 60 records
were generated and stored in the memory.

The solar elevation angle changes slowly, day after day,
throughout the year. Hence, the north/south axis can move only in
the schedule from 11:45 to 12:30. Therefore, this set only analyzes
the solar angle variation day after day, rationing the consumption of
the motor. The east/west axis, in turn, has the purpose of following
the variation of 15° per hour of the azimuth angle. The set gener-
ated by LDR3 and LDR4 produces readings and, after averaging, the
microcontroller performs the necessary action. If there was a dif-
ference between the LDRs, motor 2 was activated for correcting the
position.

Nevertheless, in the conception phase of the algorithm, it is
essential to have a safety margin in the difference between LDRs for
activating a motor. Therefore, to execute a movement, there should
be a minimum value of difference between the luminosity of the
LDRs. Additionally, to ration the number of movements of the
motor, the ideal position was slightly exceeded, thereby increasing
the time between activations.

The tensions read by the microcontroller in the voltage dividers
of the LDRs were converted to digital values. To guarantee the
movement of the motors in favorable climatic conditions for the
use of the tracker, the minimum luminosity parameter was used.
This limit avoids the movement of the mechanism in cloudy or
rainy periods, provided that the lack of a limit can cause unnec-
essary movements and consumption higher than the return.

The minimum arbitrary digital value for luminosity was 700,
which is equivalent to the tension of 3.42 V in the input of the
microcontroller, As shown in Graph 2, this value is close to the
maximum, limiting the mechanism to movements only in condi-
tions approaching full sun.

3. Results

This chapter presents the compilation of the data considered
relevant to understand this study in a descriptive manner and in
graphic representations. The results were analyzed and related to
the references of other authors for comparison.

Irradiation data on the tracking and fixed panels was collected

for 152 days, between June and November 2016. Some days were
not considered for different reasons, including the malfunctioning
of the equipment, energy shortage, unequal conditions between
panels, and maintenance shutdowns. The tests were performed in
Santa Cruz do Sul, a city located in southern Brazil. The latitude and
longitude geographic coordinates are, respectively, -29.7°
and —52.4°. The fixed panel, the reference used for comparison
with the solar tracker, was oriented to the geographic north, as
recommended by other studies [21,22]. The inclination angle of the
panel was fixated in 29.70° + 1.5°. For fixed systems, the inclination
angle of the panel similar to the latitude has the best yield during
the year [21,23—-26].

3.1. Results for motor consumption

The consumption of the motors from the tracker mechanism
was measured with Arduino Mega 2560 and the current sensor
model ACS 712. With this information data, it was possible to plot
curves of instantaneous consumption and cumulative consump-
tion. From the curves, it was possible to estimate the consumption
by each activation, according to the time of permanence with the
activated motor. This procedure eliminated the need of directly
measurement of motors consumption, during the comparative
tests. The consumption per second is in the order of 2 mW.

Graph 3(a) presents the obtained curve of instantaneous con-
sumption for Motor 1 and Motor 2. Regarding Motor 1, it is shown a
peak in the initial time period (before 1 s), being stable after the
first second. This is right, once the load over the motor is almost the
same along the north/south movement. A similar initial peak is
presented for the curve regarding Motor 2. However, a sudden drop
is observed, and consumption does not stabilize, which is different
from the situation presented for Motor 1. When the east/west
movement (performed by Motor 2) occurs, the motor load varies
along its course, and reduces as it approaches to the position par-
allel to the ground (0° angle).

Graph 3(b) presents the accumulated consumption for both
Motor 1 and Motor 2, according to the activation time. It is possible

L——1

Source: The Authors.

Fig. 3. Disposition of LDRs to capture the direction of light.
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Fig. 4. Flowchart for the proposed algorithm.
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Graph 2. LDRs capture levels. Referring to October 30, 2016.
Source: The Authors.

to observe for Motor 1 a linear behavior, resulting in an approxi-
mated accumulated consumption value of 13 mW after 8 s. On the
other side, the characteristic movement of Motor 2 makes its curve
larger, in terms of area, compared to the one obtained for Motor 1.
The accumulated consumption resulted in this case an approxi-
mated value of 19 mW in 8 s.

3.2. Results of the fixed and tracking panels

At the end of each day and month, the amount of energy
generated by the panels was compiled. Obtained values were used
to match the days and correspondent profiles, and to obtain the
irradiation averages as well as the difference between the tracking
and fixed panels.

Graph 4 shows the comparison of irradiation on the fixed and
tracking panels and the proportion of valid days classified as each
climate profile in the month.

There is a relation between the gain of the mechanism and the

average irradiation (Graph 4a). Considering the climate profile for
the days (Graph 4b), the result with the use of the mechanism was
least expressive in June, most likely owing to the predominance of
rainy or cloudy days, achieving 17.2%. Throughout the months, the
averages and the gains tend to increase. This tendency was not
observed in October. In relation to September, this month had more
rainy and cloudy days and few sunny days. In November, when the
irradiation on the panels was the highest and the proportion of
rainy and cloudy days was the smallest in the analyzed period, the
gain reached 31.1%. The proportion of sunny cloudy reached 60%
and the average gain was 23.4%, in the whole period.

There is also a tendency of increase in the power generation of
the two panels as well as in the gain of the panel with the tracker,
when compared to the fixed, with the approach of the summer
solstice. Despite the influence of the climatic conditions, this is
justified by the increase in the duration of the days and the change
in solar inclination. Approaching the summer solstice in southern
Brazil, the days become longer and the nights shorter, allowing the
exposure of the panels to longer periods of sunlight. Similarly, the
period where the mobile panel has advantage over the fixed panel
also becomes longer. The average daily power generation and
consumption for the fixed and tracking panels, according to the
months, is presented in Graph 5. The white bar indicates con-
sumption referred to the tracker, once there is no motor coupled to
the fixed panel. In this case, it is possible to observe the highest
values for both power generation and consumption in November,
caused by the average profile for days in this month. Another
important behavior verified in the experiments was the acquire-
ment of similar results of energy capturing for both type of panels
when approaching midday. However, the solar tracking presented a
higher level of energy capturing, once its movement feature made it
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Graph 3. Results for motor consumption,
Source: The Authors,

work in the morning and afternoon periods, which are longer than
midday period, especially in periods closer to the summer solstice.

The increase of solar inclination, as the months approach the
summer, is another factor that contributes to this gain. Fig. 5 shows
the trajectory of the Sun in the setup point of the panels in the two
annual extremes: the winter and summer solstices. During the
winter solstice (Figs. 5a and 6a), the azimuth angle at sunrise and
sunset are considerably smaller, i.e., during this period, the fixed
panel is less misaligned in relation to the Sun than during the
summer. During the summer solstice (Figs. 5b and 6b), however,
the azimuth angles at sunrise and sunset are larger than 90°.
Therefore, in addition to the more significant misalignment, the
fixed panel does not capture part of the direct irradiation, provided
that, during part of the day, the rays of sunlight incise at the back of
the panel. Although the mobile panel is misaligned, its loss is
smaller because it is better aligned with the sun than the fixed one.

4. Conclusions and future work

This work presented as a first contribution the structural design
for a solar tracker, which is characterized by the independent
rotational movement of two perpendicular set of engines, being
one for north/south direction (for solar inclination) and the other
for east/west direction (for azimuth angle variation). The angular

amplitude achieved with this approach covered the majority of the
possible solar positions. The obtained results validated the pro-
posed design, considering different climate profiles for days.

Considering the period from June to November, the irradiation
data were collected on a panel mounted on a fixed structure and
another one equipped with tracker mechanism. During all months,
the tracking panel presented irradiation gain over the fixed panel,
ranging from 17.2%, in June, to 31.1%, in November. At the end of the
period of analysis, the period being a total of 152 days, the tracking
panel obtained an average gain of 23.4%, considering the propor-
tion of rainy or cloudy days as 40%.

The gains generated by the tracking mechanism were more
substantial on sunny days or on days with few clouds. On cloudy or
rainy days, this gain was observed to be reduced and sometimes
slightly negative in cases when the panel was stationary owing to
the luminosity below the limit. During the period of one day, this
increase is less than or equal to zero at midday, increasing as the
time distances from this period, during the morning as well as in
the afternoon. Furthermore, the tracking panel reduces the losses
caused by the curve trajectory of the Sun, which starts and ends at
the back of the fixed panel. This type of losses in the fixed panel can
be observed in the months of October and November, when the
average daily irradiations are lower than those in the previous
months.
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Graph 4. Monthly irradiation analysis.

This way, the gains achieved by the tracking panel are due to
the adopted strategies in the embedded algorithm that try to, at
least, achieve the obtained results for energy capturing using the
fixed panel. This computational method applied to the motion
mechanism of the tracker is the second contribution of this work.
Light Dependent Resistors are placed in strategic positions of the
solar tracker to obtain luminosity values for the entire day, which
will be used as reference for energy capture efficiency. Specially at

the end of the day, the tracker returns the panel to the midday
position and not to the east origin, and is activated on the next day
only when the luminosity is higher than the minimum value.
Hence, the panel is stationary in this position on cloudy or rainy
days, stopping it from receiving less irradiation than the fixed
panel. Similarly, it causes the panel to move when the Sun ap-
pears, i.e., when there is a possibility of gain. The strategy is valid
in days when the Sun appears only while approaching midday,
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Graph 5. Average daily power generation and consumption.
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(a) Winter solstice

(b) Summer solstice

Fig. 5. Sun trajectories in the winter and summer solstices in relation to the setup location.
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due to bad weather or fog. This is more frequent in the winter of
the region.

Moreover, such strategies were responsible for assisting in en-
ergy saving, consumed by the execution of the movements, whose
value remained below 1 W per day. Considering the panel capacity
of 37 W/h with the irradiation of 1000 W/m?, the consumption is
low. Moreover, the conception of the tracker ignores the require-
ment of daily updates in the north/south axis, helping the energy
saving.

Based on the performance results, the proposed solar tracker
presented advantages over the fixed panel, being a future work the
enhancement of the physical structure built herein as well as the
computational steps of the algorithm. The adoption of Artificial
Intelligence techniques to configure solar tracker movements,
based on a historical energy capture database, can be used to
optimize the benefits of the energy capture process and increase
the energy efficiency gains.
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Product selection guide

RCC 38S6: Series




Applications & Fea

RCC38S is widely used in various mechanical industrial control,
especially in the printing and packing industry. Resolution up to
5000 P/R. Small size, light weight and high precision. Through the
axial length changes, the encoder can be adapted to the more different
environment, is the preferred higher quality and low cost product.
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| A N\ N
¢ | StandardiM E: Voltage Output A: A phase

D: Reinforced| i v 10, 3M=10M F: Push—pul | signal
\ ] B: 90° phase
5 : C: Open Collector R Fferant K.
' ’ L: Line Driver B singals
E 5 A: Wide Voltage output
1 ! Line Driver

Product Type Shaft Type Connection Supply Voltage Resolution Index Signal
N A~

30, 60, 100y 120,
127, 128, 150. 200,
250, 256, 300. 360,
400, 500, 512, 600,
640, 720, 800, 900,
960+ 1000, 1200,
1250, 1440, 1500,

A
2% gﬁ”‘i G: Dustproof radial cable : DCSV M:Z signal
= E:Dustproof axial cable : DC8-26V
J:Waterproof radial cablg |4 DG10=30V

K:Waterproof axial cabl
aterp xial cable b2y

E-Ton FOPEE

| Bearing : Domestic Bearing Vi Bearing NSK Bearing 1600, 1800, 2000,
I Bushin; : Rubber Bushi Bushi : Metal Bushi
@ P::tao:inﬂ Class: i;54er i * P::t;:‘finn Class: I;bg @ 2048, 2500, 2540,
- Housing : Black, No Logo - .~ Housing : Green, Logo 2560, 3000, 3600,
R Series D Series 4000, 5000

Electrical Specifications

G it : 3 g F ne
OutEit RSt Supply Voltate Reqﬂ”grﬂent (Output Voltage V ) Rise Time | Fall Time Rggggﬁsey
DC (V) (mA) Vi Vi (ns) (ns) (kHz)
5+0.25 <80 >3.5 L7 <500 <100 0-300
8-26
E
CYaltags ) 10-30 <120 |>vee-2.5| <o0.7 <500 <100 0-300
12
540,25 <80 >3.5 <0.7 <500 <100 0-300
8-26
F (Push-pull)
10-30 <120 |>vee-2.5 | <o0.7 <500 <100 0-300
12




5X0:25
8-26
C (Open Col lector) s =60 >VGC-2.5 <0.7 <500 =100 0-300
10-30
12
L (Line Driver) 5X0.25 <100 >3.5 =0.7 <200 =200 0-300
8-26
A (Wide Voltage | 44 g9 <60 | >vec-2.5| =<0.7 <500 <100 0-300
Line Driver)
12
Qutput Cixecuil
E (Voltage ) F (Push-pull) |[C (Open Collector) L. A (Line Driver)
5V 8-26V sv | 8-26v
250596 Q (Q=A, B, 2)
0UT 250596 1@ 2
i v o L: 26031
— A: ETT272B
Note: C, F output is shorted to ground protection diode.
Output Waveform
Wave Ratio (X1+X2=0.5T=%0.1T

X2+X3=0.5TX0. 1T

: E i P& : :‘ Phase Different 2 Xn=0.125T (n=1,2,3,4)
s TN L7 hely AL €78

Absolute Angle Error: <0.2T

T=360° / N (N=| ines count per revolution)

Waveform for C, E, F output Gl Width of Z signal

N ' 1 Im=1T£0. 5T

J;_::_-—l'— Tm=nT£0.1T (n=2)

M The phase relationship of Z signal and A, B

Ty R fE signal is not stipulated.
2, Tm=0.5Tx0. 25T
Tm=0.25T+0.125T

Tm=0. 25T £0. 1257

i— Cycle Error : <0. 05T
=

Waveform for L, A output

The picture shows the clockwise (CW) waveform from the shaft side.

Mechanical Specifications

Max Speed Starting Torgque Max Load (N) Rotary Inertia Weight
. 2
(r/mln) (N. M) Radial Axial (kgm ) (kg)

6000 1%1073 30 20 4%107° ~0.135




Dimension

3-M3 %6 197 3-M3 Y6 7
(3-M3 DPTH 6 Equispaced) (3-M3 DPTH 6 Equispaced)
a
=l 10
2 s =
=
|
12.5 5
e |
5/8 AR 06X Lon
(5/8 Core Cabled 6XLmm)
Environmental Specifications

Operating Temperature (°C) -20~ +85

Storage Temperature ("C) -30~+90

Relative Humidity 35% ~85%RH no condensation

J 2 50(Three times each on x, y, z directions,

Impact Resistance (m/s“) wdtoni ma | VB Dromey

Vibration Resistance (m/s?®) 20 (10~ 200Hz, 2h on x, vy, z directions)

Protection Class Common 1P54 Reinforced P65

Connections

Cable Color Red Black Green Brown White Grey Yel low Orange Shield
E (Voltage) Vee ov A B Z G
F (Push Pull) Vec oV A B z [F2g
C (Open Collector) Vee ov A B 1 7 G
L. A (Line Driver) Vee ov A A/ B B/ Z Z/ G

China Rongde Optics Co., Ltd
www.roundssencoder.com =
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Applications

Photoconductive cells are used in many different types of circuits and

ications.

Analog Applications

Camera Exposure Control
Auto Slide Focus - dual cell

Light Dependent Resistor - LDR

Two cadmium sulphide(cds) photoconductive cells with spectral responses
similar to that of the human eye. The cell resistance falls with increasing light
intensity. Applications include smoke detection, automatic lighting control,
batch counting and burglar alarm systems.

Digital Applications

Automatic Headlight Dimmer
Night Light Control

L] ®
e Photocopy Machines - density of toner e Qil Burner Flame Out
e Colorimetric Test Equipment o Street Light Control
e Densitometer ¢ _Absence / Presence (beam breaker)
e Electronic Scales - dual cell e Position Sensor
e Automatic Gain Control — modulated light
source
¢ Automated Rear View Mirror
Electrical Characteristics
Parameter Conditions Min Typ Max | Unit
Cell resistance 1000 LUX - 400 Ohm
10 LUX - 9 K Ohm
Dark Resistance - - 1 M Ohm
Dark Capacitance - - 35 pF
Rise Time 1000 LUX - 2.8 ms
10 LUX - 18 ms
Fall Time 1000 LUX - 48 ms
10 LUX - 120 - ms
Voltage AC/DC Peak - - 320 | V max
Current - - mA max
Power Dissipation 100 | mW max
Operating -60 - +75 | Beg, €
Temperature

>
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Guide to source illuminations

Light source lllumination | LUX F1GURE 1 CIRCUIT SYMBOL
Moonlight 0.1
60W Bulb at 1m 50 W &
1W MES Bulb at 0.1m 100 ¥ < | IorsRma
Fluorescent Lighting 500
Bright Sunlight 30,000
Sensitivity

The sensitivity of a photodetector is the relationship between the light falling on the device and the
resulting output signal. In the case of a photocell, one is dealing with the relationship between the
incident light and the corresponding resistance of the cell.

FIGURE 2 RESISTANCE AS FUNCTION OF ILLUMINATION
1000

100

N

=
A

~N

Resistance (k£2)
>

0.1

0.1 1.0 10 100 1000 10,000
Lux

Spectral Response

Figure 3 Spectral response

b it Like the human eye, the relative sensitivity of a

e \ NT photoconductive cell is dependent on the

o : wavelength (color) of the incident light. Each
LT photoconductor material type has its own unique
§m N spectral response curve or plot of the relative
£ 5o N\ response of the photocell versus wavelength of
| light.
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Typical Application Circuits

Dimensions ]
.1443.66) . 070(1.78) . 1.38 (35.05

164 (4.17) .090 (2.29) 1.62 (41.15) AWG 24 TINNED
5] COPPER LEADS

172 (4.37) ” .090 (2.29)

.192 (4.88) /) 110 (2.79)

[ 7/ sl
i "
PLASTIC COATED TO - - LEAD DIA. & PLASTIC COATING
PROTECT ACTIVE SURFACE NOT CONTROLLED WITHIN .10 (2.5)
OF CERAMIC SUBSTRATE

Figure 6 Sensitive light operated relay

o +12V

Na14s |
12V RELAY (min 1108

’

NORP12

) 2N3053

VR

Relay energised when light level increases above the
level set by VR,

Figure 9 Logarithmic law photographic light meten

R

Y \ SW
+3V

P OFF o

Q) — N\

NORP12 Rz

METER
100pA

ical value R' = 100kQ
R® = 200kQ preset to give two overlapping ranges.
(Calibration should be made against an accurate meter.)
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Figure 7 Light interruption detector Figure 10 Extremely sensitive light operated relay
o . . TS > Q +12V
4148 R IN4148
12V RELAY (min 11042) 12V RELAY
\:'Fh = {min 1109}
50k y L
2N3053 >—ww-@) 2N3053
300
1.5k 2
" Y
b NORP12
o OV

SOV

AsFigure 6 relay energised when light level drops
below the level set by VR, (Relay energised when light exceeds preset level)
Incorporates a balancing bridge and op-amp. R, and
NORP1Z may be interchanged for the reverse function.

Figure 8 Automatic light circuit

0= > o +12V
S
NORP12 12v2.2wW
BuULB
2.2k
2N3053"
VR
v L 2 -0 0V

“Fit with RS 50'C/W heatsink
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Tutorial - L298N Dual Motor Controller
Module 2A and Arduino

In this tutorial we'll explain how to use our L298N H-bridge Dual Motor Controller Module
2A with Arduino. This allows you to control the speed and direction of two DC motors, or
control one bipolar stepper motor with ease. The L298N H-bridge module can be used with
motors that have a voltage of between 5 and 35V DC.

There is also an onboard 5V regulator, so if your supply voltage is up to 12V you can also
source 5V from the board.

So let's get started!

First we'll run through the connections, then explain how to control DC motors then a stepper
motor.



Module pinouts

Consider the following image - match the numbers against the list below the image:

[a—

e

i A

10.
i
12.

789101112

. DC motor 1 "+" or stepper motor A+

DC motor 1 "-" or stepper motor A-

12V jumper - remove this if using a supply voltage greater than 12V DC. This enables
power to the onboard 5V regulator

Connect your motor supply voltage here, maximum of 35V DC. Remove 12V jumper
if >12V DC

GND

5V output 1f 12V jumper in place, ideal for powering your Arduino (etc)

DC motor 1 enable jumper. Leave this in place when using a stepper motor. Connect
to PWM output for DC motor speed control.

IN1

IN2

IN3

IN4

DC motor 2 enable jumper. Leave this in place when using a stepper motor. Connect
to PWM output for DC motor speed control.



13. DC motor 2 "+" or stepper motor B+
14. DC motor 2 "-" or stepper motor B-

Controlling DC Motors

To control one or two DC motors is quite easy. First connect each motor to the A and B
connections on the L298N module. If you're using two motors for a robot (etc) ensure that the
polarity of the motors is the same on both inputs. Otherwise you may need to swap them over
when you set both motors to forward and one goes backwards!

Next, connect your power supply - the positive to pin 4 on the module and negative/GND to
pin 5. If you supply is up to 12V you can leave in the 12V jumper (point 3 in the image
above) and 5V will be available from pin 6 on the module. This can be fed to your Arduino's
5V pin to power it from the motors' power supply. Don't forget to connect Arduino GND to
pin 5 on the module as well to complete the circuit.

Now you will need six digital output pins on your Arduino, two of which need to be PWM

(pulse-width modulation) pins. PWM pins are denoted by the tilde ("~") next to the pin
number, for example:

O Ve MmN
:

____ DXGITAL {Pe-)

Finally, connect the Arduino digital output pins to the driver module. In our example we have
two DC motors, so digital pins D9, D8, D7 and D6 will be connected to pins IN1, IN2, IN3
and IN4 respectively. Then connect D10 to module pin 7 (remove the jumper first) and D5 to
module pin 12 (again, remove the jumper).

The motor direction is controlled by sending a HIGH or LOW signal to the drive for each
motor (or channel). For example for motor one, a HIGH to IN1 and a LOW to IN2 will cause
it to turn in one direction, and a LOW and HIGH will cause it to turn in the other direction.

However the motors will not turn until a HIGH is set to the enable pin (7 for motor one, 12 for
motor two). And they can be turned off with a LOW to the same pin(s). However if you need
to control the speed of the motors, the PWM signal from the digital pin connected to the
enable pin can take care of it.

This is what we've done with the DC motor demonstration sketch. Two DC motors and an
Arduino Uno are connected as described above, along with an external power supply. Then
enter and upload the following sketch:

// connect motor controller pins to Arduino digital pins
// motor one

int enA = 10;
irnE 4nl = 9;
int in2 = 8;
// motor: two
int enB = 5;
intladamdss) e
int ind4 = §;



void setup()

{

}

// set all the motor control pins to outputs
pinMode (enA, QUTPUT) ;
pinMode (enB, OUTPUT) ;
pinMode (inl, OUTPUT) ;
pinMode (in2, OUTPUT) ;
pinMode (in3, OQUTPUT);
pinMode (ind, OUTPUT) ;

volid demoOne ()

{

}

// this function will run the motors in both directions at a fixed speed
// turn on motor A

digitalWrite(inl, HIGH);

digitalWrite(in2, LOW);

// set speed to 200 out of possible range 0~255
analogWrite (enA, 200);

// turn on motor B

digitalWrite (in3, HIGH);

digitalWrite (ind, LOW);

// set speed to 200 out of possible range 0~255
analogWrite (enB,  200);

delay (2000);

// now change /motor directions
digitalWrite (inl,~LOW) ;

digitalWrite(in2, HIGH);

digitalWrite (in3, (LOW) ;

digitalWrite(ind, HIGH);

delay(2000);

// now turn off motors

digitalWrite (inly LOW)y

digitalWrite (in2, LOW);

digitalWrite (in3, LOW);

digitalWrite(ind, LOW).;

void demoTwo ()

{

// this function will run the motors across the range of possible speeds
// note that maximum speed is determined-by the motor itself and the

operating vocltage

// the PWM values sent by analogWrite() are fractions of the maximum

speed possible

// by your hardware
// turn on motors
digitalWrite(inl, LOW);
digitalWrite(in2, HIGH);
digitalWrite (in3, LOW) ;
digitalWrite(ind, HIGH);
// accelerate from zero to maximum speed
for (int i = 0; i < 256; i++)
{

analogWrite (end, 1i);

analogWrite (enB, 1i);

delay (20) ;
1
// decelerate from maximum speed to zero
for (int i = 255; i >= 0; --1i)
{

analogWrite{enk, 1i);

analogWrite(enB, i) ;



delay (20);
}

// now turn off motors
digitalWrite(inl, LOW);
digitalWrite(in2, LOW);
digitalWrite(in3, LOW);
digitalWrite (ind4, LOW);

}
void loop()

{
demoOne () ;
delay(1000);
demoTwo () ;
delay(1000);

}

So what's happening in that sketch? In the function demoOne() we turn the motors on and run
them at a PWM value of 200. This is not a speed value, instead power is applied for 200/255
of an amount of time at once.

Then after a moment the motors operate in the reverse direction (see how we changed the
HIGHSs and LOWs in the digitalWrite() functions?).

To get an idea of the range of speed possible of your hardware, we run through the entire
PWM range in the function demoTwo() which turns the motors on and them runs through
PWM values zero to 255 and back to zero with the two_for loops.

Finally this is demonstrated in the following video - using a_ well-worn tank chassis with two
DC motors:





