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ABSTRACT

This project proposes.the “Robotic Solar Panel Cleaner”to use in household
and industry.“This_robotic  increases' efficiency. of electricity production. When the
solar panel is uncleanness it will decrease efficiency of electricity, production. So it is
important to. clean-the solar panel frequently, The robotic solar panel cleaner has
wireless control, The' robot can work.inslope 0-15 degrees, comfortable, reduced
cleaning time and hiring cost..The clean cell panels will have good efficiency in the

electricity generation.



NRRNSsSUUIZANEA

b5

Uiyqriiwusatuianuisodniogarddiiluedned drensliauguanaslv

©° o 2 1

Fuuzthues ftaermans191se as.uwaa udiod Juduenmsdfivinulunmsdailassny
il fresBuuzuummauiuususledeunnsassineg memmueilald wazlrungadolite
anuiinufsgunsaiiisdusiieg ﬁﬂﬁﬂ‘%aﬁgﬂﬁwuéﬁm%augmﬂ ﬂmx@’%’mﬁﬁﬁmmmwf\i
lupuninveds1a1sdieyiasizitieinde wazvevaunszuvitudusdiegs

Y9v8UNTEANBINTINNIIUTTITeUTY dedeu TuuzuumenAkdausgiainauenn

&

YavaunszAnLiteu’ Trestiemdeuasuitamalunsviy

gavnetauegiaiuensrtteunszaudniuasmanuasasouniig Afiies ey

HAAVIY
WENRITUA. Ay
wsalyna. Sudziin

¢ o
Weayna Ao



d15U8y

UNAnge
UNARGBNTYID9NGE
AnfinssuuszniA
d15Usy
a13Uey3y
#15UA919
unfi 1 unii
1.1 anuduinuagaudifnre sy finus
1.2 InguseadArainsane
1.3 Uslgwiifanadnazlésu
1.4 UBULUIRTBIN AN
1.5 A3 1sA iU
1.6 s1gapdunuR T INLS
unit 2 naefiieatios
2% mmi’ﬁ"'ﬂmﬁ'u’:ﬁuhaﬁwaé
2.1.1 vilnvesloaisivas
2.1.2 dulsznputasleasiaad
2113 Yadeiifinareuszansnmuasundluaiiivad
2.1.4 msviapnuazoaiadleaisivas
2.2 uawasiansTuanse
2.2.1 dwuszaovuasomesiniinssians
2.2.2 yanmsiauuowewmss iiinssuans
2.2.3 MwaBoafiuguresaweilninnsruanss
2.2.4 aauvRvawawmaiinszuanse
2.3 lulasmaulnsaians
2.4 Feyayned PWM
2.4.1 M3kuselemiann PWM
2.4.2 nsdsrn PWM Tu Arduino
2.5 [ guDsUa

2.5.1 Usztnvaad LED ANNAINETIRANYEY

VI

O W O N O LR R R LW N NN

_ o e s e e
o L U R W e, O O



d1508y (dia)

2.5.2 USELAVUB A UTDITUAT
2.6 wmalulaBnsiudeloyanuuliany
2.7 wunimesAsenInaes

2.7.1 aandivesuunineidiBeulndiues
2.8 TUsunsu Arduino IDE

2.8.1 tumaunsldeu Arduino IDE

unil 3 MmIsanuuURuBUAiNANNdzIalYalTlYad

3.1 gunsaldmiunasyheiivewusudiinnudzenleaniivad

3.1.1 lulaspaulnsaiaes
3.1.2 418003 NSYLEART
3.1.3 Uostuima o ulewas N suansy
3.1.4 uwasdngwasiuluiia
3.15) WU Tinsses
3.1.6 Sluvppulnsaszeslng
3. 1.7uUsaenniazens
3.2 MTDANUULNITN TVINNIUVOINTEUY
3.2.1 85U 8aLIRANTTININUYEITZUY
3.3 MIDBNRUUTTVUTIAYLALAIUAN
3,3.1 850785 vasdannIsineauyes- Flowchart
Nl 4 N15AABILESNANITVIARDY
4.1 NMTVAABITUNDIRDINTEUARSY
4.2 NMSVNADATUYDTINTYES
4.2 Mavnaamuaiueusiuslanlsdusseylna
unit 5 aguransefiuany uastalauauuz
5.1 mMysuiiunudaingetinus
5.2 Yymiinuuazuuamsnisudledam
5.3 ULAUBLULLATILUIN NI
LONEN581994

AMANUIN

U
16
18
19
19
20
20
21
21
21
21
22
23
24
24
26
27
27
29
29
31
31
32
35
36
36
36
37
38
39
58



d1305U
vy
gﬂﬁ
2.1 Single Crystalline Silicon Solar Cell
2.2 Polycrystalline Silicon Solar Cell
2.3 Amorphous Silicon Solar Cell
2.4 dyulsznovvasleaniivad
2.5 MIUTDINOLADINTZUANT
2.6 MsAauvaIELIR U RDAUANTImIISy TR mBLaes LW nszLEnSs
2.7 Arduino
2.8 1n39@513 Arduino Board
2.9 PWM uuu Center Aligned
2.10 PWM uuu Edge Aligned
2.11 n3ua@ny Duty Cycle
2.12 9 ugee Duty Cycle g ufiuan Analog vesArdding
2.13 wannaviaanu Diffuse Reflective Optical. Sensor
2.14 %énn1391191U Retro Reflective Optical Sensor
2.15 #ann13¥1199U Through Beam Optical Sensor
2.16 drulsyneumeluwunineiaboninames
2.17 Meogantmnelusunsil-Arduino, IDE
3.1 Arduino Mega 2560
3.2 UBLNDSNITUANSY 12 \ 1 ZGA60FM334]
3.3 UBWBINTYLANSS 12 V §U.ZGA3T7
3.4 BTS7960H-Bridge DC-Motor Drive Module
3.5 Motor Drive Module L298N
3.6 WUAWD3 Lithiumn Polymer (LiPo)
3.7 Wuwesinsyey Sharp GP2YOD805Z0F
3.8 PS2 Wireless Controller
3.9 wlseihauazoauuulsalans
3.10 1AT9ETNMINTUTRITZUY
3.11 Flowchart muaunsinauredlilasaeulnsaiaes

| ¢ o « e ¢
3.12 ﬁu&]uﬂ%qﬂ?quﬂﬁa’]ﬁLiNﬂI"da’]iL‘Ua aﬂﬂﬁlyﬁm

Vi

O oo i ;A

11
12
13
13
14
14
15
1
17
18
19
20
2]
22
ol
25
23
24
24
25
26
27
29
30



d15U8yA1919

A9}

4.1 MIveaewBwaiiaf 1

4.2 MIvpasamaisai 2

4.3 M3snnasaugesuns ST 1
4.4 PIVARBITUTSBUNTISARAT 2
4.5 psvinaeEues DU IInfaT 3
4.6 NMsVARBLTLEESBUNT ST 4

4.7 NINABBIAIUANYUEUANTLII

Wl

33
34
34
35
36
36
37



pu]
umn 1
o
UNUI
Tuunilagnanifemnuluninazarudidyreslsyyrinus Taguizainves
1A5997% P9ULR204lATI9Y Uselavuiianainazlasiu wasmns1aununi1svineu lngd
= A 2 U =t s 1 dy
TeazBuanazlfnandedesialul

= ¢

1.1 anuduninazadnudAyvesUIayinug

desnnludaytuingsnudzeimduiigapsuagianiewns sraluseiulssany
gRAMNTIN ATszduAAITeL wasndanuazanfiionldiugdaunsnanede WAL
nuaeing lwardiead (Solar-Cel) Wiplaandiateing indlanfuadiiusiodldiy
nMiquatigndestiteliainsavhnulded afud ssandnw duazees \waha Ty uavazoos
nasaenlifanunsnanidnaseanlniius deatsiwadadlate 20% nsagideuszandam
gansHARNIANS laEindiainasantsn ilvdssansanmluntsndandeaulii
anaudominuaoindiuldiadasusisadiibanismilaen s

o

aa & o < ¢ edm vy 3

Wugiulunisianazainusdlyadsigaanilonldfs pasviianuazeiasiae
v W - Va o« o e o o aal
wsanuadlpsldlUssdarne wismslaaiauusae e liissdviniazen 8935
ManaeilideralddrenamenuisiuassaulnauezAiuss uonainiidaiinisldau
cda @ oo 1 o 5l = a & =
gUnsaifmnRaasy wiu uwdssidauavresiimiintsindeudagluvuissivaduataniing ¥

« -1 o | o w v as o a o« o - o et 1
gunsnimariliinazaeddlduasyaduindenaliiuivadidse iindieindoud Fsw1naents
o [ -l L ] o @ o & o s v v w1 st
Ugeihwiiuasdrlgiglunn sunsnuangsunasuidyminarnndisulagldueuni

2 = - = as R o & ad e 1
Judnmadenniisntapysyndiacudszana wazenldanglumsintielniosdnsunnalng uay

v = o a1 v
ﬂ'l'ﬂ‘ﬁLﬁ\ﬂ\‘ﬂﬁﬂquﬂuqququﬂﬂﬂqﬂ']ﬂﬁﬁ

1.2 TnquszasAvaIn1sAne
4 @ a 1 o 3 P
1. Wiesiannsuaniusudnaunsainnuasenls
2. weiaunnslilulasreulvsameinszna AVR f7e Arduino

3 L‘ﬁaﬂizqmﬂﬁ DC Motor, Distance sensors, Wireless Controller lag Arduino

ey



1.3 Uszlewilfimadnagldsu
1. gnansashtuanunldlasswariiuseanznm
2. ansaanduyulunisguadnuauasaaukleanfad
3. Wfiupavaanauislunisvihavareaundleaiivad
4. fresiemsgannen wazdizeinm

5. e§uanusmunisi@eulusunsy Sahunyssgndldiuaduqld

1.4 YBULWAVIINITANYN
1. [llnspeulnsaiaeinszna AVR
2. 1lUsunsu Arduiner lunmsi@Eulusunsaimunimsinusa3es
3. YuguRnIuAiaIes lunaApulnIasyaylng

4. YulalussunuiBealaiiy 15 99197nL1ageeY

1.5 ATN19ANUUIY

—_

= 2/ -::I al I3 " = 5
 Anvadeyaneanvundlemiwad wazgduuunsings
| Anwfulutususviamnaze e Tuldiuusleariwad
. 90AlYUlATIVUEUA LavDBNWUUNAIN YL
_1dongunsalildin uavimusaildang
. ¥nBudu weslsenaugUnTaldiusineg

= L3 I &
A TyulUsUNsUAILUANADUNINTA LGRS URIUL YR
. MAABILAYUTUUTIUALY

0o ~ oo U oA W N

- ajunauanilUiRuuTuuane



1.6 S185z188AvBIUTYYITNUS

Usyaninusiiusznoude 5 un fail

unl 1 unnanahingussasduedassny vevslunmsiuai Usslowifinndiey
195U uavseavidunvedlaseny

unit 2 ngefiiieadesuazanuifosiuifionfuleaiiivad uamasnszuanse
lulasaeulnsaaes wuwesuas wazmalulagnisuddeyauuuliang

unfl 3 udnnseenuuukariaTiadeITAIUAN amuaiiiReIdesiusueudvi
AUAYDIRlYATSIvad

unil 4 wenanaassveINsAnLATUNaImeINTELARSY Iswees LavmsNATDS
muauueudkuslumlsruszeylng

Und 5 aguranTsatiue Lasdeeus iy



UNm 2

NeuNNLNEIvD9

Tuundlagnandsanuiirluineaduleansivad, sawmeslufinsvuanss,
Lulasroulnsaiaed, &y PWM, wuwesuay, waluladnisdeiudayauauliang,

wuawesassulnawed uazlusunsy Arduino IDE Inetlsiwazidenfiaznansemoluil

2.1 anumivineaiuleansiaag
Teandiwad (Solar Cell)-#3a-Pv-18uAtsERuwsssumMdiannsotind fiad1eTuile

JuaunsaldmdulauundsnunasoafindlmdunadaanulnirIpgnisunaisnesaidy

9

a a

aa = o P o 1 = s a W
PYANDL eﬁquiqﬂjf{u‘lﬂmﬁmLLagmﬁJqﬂWﬁﬂUuwu’IﬁﬂﬁJWNqUﬂig‘U’)Uﬂ’]iVﬂQ')WEﬂﬂﬁlﬁﬁiLWE}Nagﬂ.‘lﬁ

]
.3

Huuduuneusans uasiuiiiuasannsgnuuuwiueed Sdvesuasifouniaveandsau
UszneufiBenin Tsmeu(Proton) _avsroimasulniudidnnseu (Election) Twansis
ﬁaﬂwuﬁwﬁqmumﬂwaffi%ﬂﬁﬂmaaﬂma'mmmﬁqamaqamau (Atom) . Uaziadaufily
p8niBasy fatuulodlénasoutndsuiinsuiaesavialaaliiiins nans ity Wefia1san
Snwazninaaianneaduaioning wuiieaduaseindaviluse@nt amnsnanlni
aviamlutasnaina iy Sumisalunisingaduaseniinginlindnlnia el

msvianeraunds Ui luriiatnat iy

2.1.1 vlavesluaniiwad

1. weduavefindfivhanndanen $daudntiva-(Ginele ~Qrystalline Silicon Solar
Cell) w‘%aﬁfﬁﬂﬁulw?;a Menocrystalline  Silicon. | “Solar > céell  waswliandnsiu
(Polycrystalline Silicon SolarSelt)-anuwnzilunnudanouedazuisnn ﬁ’agﬂ%’ﬂ“ 2.1 uag

31]“71' 22

‘gil‘ﬁ 2.1 Single Crystalline Silicon Solar Cell



gﬂﬁ 2.2 Polycrystalline Silicon Solar Cell

2. [Wwaduaofindfiiannezaesila®8naw (Amorphous.Silicon Solar Cell) dnwug

WDuRduuiadios 0.5 luasau (0:0005 1) aimsniuninn wagydsyansainiiies 5-10

Wesidud fsguin 2.3

sUf 2.3 Amorphous-Silicon Solar Cell

=3 A o l:! at e ﬂd 1 EJ 4 =
3, I9AALAIRTRRENYIIINETISNIRILDY LU Wnaldsu E]'\‘EL'?}IHG’!, LAALLBL VaLaD

156 wavmeUwed Suidsy Imelalug Hufy SimfiandndiaGingle Crystalline) wazwan
59 (Polycrystalline) waduaserfindTvnarnunaidonandielud aelviusefiniamgaia 20-
25 Wosidun

2.1.2. daulsenavvesleasivas

o

wsnadoulninfindatunnwaduaseiindifiswgadinervsfiainiun nstunld
uszfeniuvadnans wadindefuuuuaunsy Wetiudusaadoulniligelu wadd
Ynndemilusunutazsualmanyansenin wnewaduaniing (Solar Module #3a
Solar Panel) msvhwaduasefindlmfuunsfifionnuazanlunisilvldou dunives
unagadUsTNOUY uiunsaniitidunauvesvdne dsdianendilunisoenliuasinlén

wazdudunsizdosiunnueaddnale wnawadazdaadnistasiuaNuTUNANUIN WL



swfivsagnanuaanatsulunateniuiu Tunisussnevazdeddiagninunivmunay
o ¥ da 1 aa aal . %) P )
Yosfuanuauif Wy Falaunarddie (Ethylene Vinyl Acetate) Wuiu ieidunistloaiu

LA UNSEANAILULTDILKILYAE T9da9dn1svnnTauiieSaniianuLdwss waunansanlaldl

9

= &

AU NTU A1Tn1TESUATNLT LSSV ILEUNSEAN WAREIWD FINENUISONALNUNISYIINTDU

=

Tiduiiu fnfunsagasidsdidnvasiduiubeu (Laminate) Bwazainlumsfians fgun 2.4

ns:onlalsrs

msaguuna 100 LU,
cisounsiuil

nsournINlar:

ansBalnu 1 ‘ P& . ’ : 4 - 3 ik -\ .
AUAL TR e e %
- Wam|
Etlrylene Vimyl Acefate HERERS
Tedlar/aluminium sandwigh

U 2.4 dausznauvedloariivag

2.1.3 Yadeiifinasauszansninvasinlvandivad

1. viavaslvansiwas

mMsiiulszans mmilagsamee s lvanslnenseads nsiaenidiwadiluszansam
Tunsldsundinuuandundsnuliitvgeruimsldiedussdninmes dovdanaliistm
YBIURIER LA

2. lasead1svasunsloasioas

Iﬂiaa%ﬁwaaLLmifejaﬁwaﬁﬁﬁ%malﬁLLmaﬁﬂsz?ﬁm%quﬁu i rsldinszandid
aneTRannsaieukaadudussnavtasuns axtaeliwadldFunasnniy denalsings

"I,Wﬁ'llﬁu'm%u



3. AULUVDILEINANNTENY
A I3 € a 8 = @ 1 %) 2/ ‘:J

Aszualndilgaswadnanld aedudndiulnunsanuAIINLINUadULEN WNLEIAAN
NSENULRLTA15TALLTNES unsfvznannszualwdnlaunn augnuseeulninaziusnu
amudunasierunn deiuimdalwihindaldargetu Wemuduveswaaiiuiu

4. guugil

aa Y] a a & ¢ o w o o P - rs

qmwguuwa‘IﬂsJmmuﬂszammwmaﬂsﬁa'l'iudaa i ndslaazanas Wawwad

fgnnnfigadu Taevhluuddndnundlganfiwadesssyteyamamatiniinainnisneaoslu
E a = | a o EY) a

AnMEINABNLINSEILAD gaunil 25 eriEaLTus RN NYaNITINTlEUITIRES
8445 asrmwa@yd feuniseaniuuszuuiialrlamddlniisin Adeanisaisatieds

a 4

gampinaildaiusis minlpseginavesunsanirsaszuionuiouldd Aazduli
Ussandnmuedwnegdulnanae
" e
5. NYUA1TANAUWAHS
= @ ¢ ¢ = [ 1 =4 | w a a

mnivadurainlsafisasiiosdiulagiunis enadmwalimisyansnimuesuns

1 Qs 5 = = 5 g o o vl ol ot
anaseghan Matiudsmsinfurluarseasludaiunilidfidvesinglayiuads aerns
ANNsENUTBILAIndNauiY Tee swadeeliusyavinmaeEnilelannn TEnuiueaauLuY
fean dmiudssndlngdumazasmnIinfaenagiiisylalaandare Hulums
= a o &l =
Hrlauagyingm 15 a9Ananiun

6. NIAUATAWA

dleldiulvldansszosamily deniiduaseomiadaudna 1ou yaun Wouuns

b ¢ A sy uw = o =l = = o L 2ras
Tvandivad wleoniiduldsenTuruatauasiaynnseyuui Gailuavilliundliunasanas
= 1] i ﬂl‘ L} L4 = a L]
waianuugiuladuviisvacuns dnalilseansawlasuanas Msinuagenauas
Vo= at 1 - 3‘; -

guazlilifanuaduss sxdielivssdvsnmvasiassuuanaiula

2.1.4 NMsMIANNEZRIAUKIITANSIgaE

mMsvhAMuaveIRAsUanUINLaZHuTin s uuLmlsaswad aunsavilddaenis
Hafetharenauasidaasivanyusnaan Unam%aﬂiwuaﬂﬂinamﬁumnmw?ayauﬂlm%ﬁw
Budruardadienenin darsseidunmsvianudzeauaamdsnuaeindde wiuld
wseilomdulangvianuazaniveundlsansivad venaninednnonslimsldlunis
Madazana LWiwqﬂﬂ‘inmazﬁﬂmﬁﬁm'mazmmﬁqndﬁ’mv‘iﬂﬁtﬁmaaﬁﬁmsxaﬂfaaaLLm

WHIULEIDARE



2.2 LRI NINTLLENTS

yoweslviinsyuanss (OC Moton) \unewmeiiidaddfuundstnglninssuanss
(DC  Source) Wunawmesuuudosiuiignuanuldon veweslulihnssuansaszneuse
ulndnes 2 drmsegsewivemaini anmednhegldiuusiulnihnsedoulilunis
yhau FliAenswieniudngn 2 9a Sdusndnmilousunndndiu iRauswandusih

Tramadimyuadounla

2.2.1 druusenauvausmasiniinszuanse
wemeslninszuansUsEnaumedunddey 2 du Al
1. dwmas (Stator) wsediunedivil Usenaume
- wsuvialen (Frame or Yoke) Wulasanetanviaminidumaaueadu
] < o = & £ =% i - v @ o ¥ =3 U
wsawlmdnanndawidieludalalasuases wardemudsznouduy IAklussieemanuae
= @ 1 o [
nIBwmanUNUREINUUUIUNIInsEUan
5 1 = 2 1 & :3 1 =3 ]
- ulwan (Pole) UsEnausiag 2  @AD-LNUMIWLLMENLAZYAAIN dIULIA
wnut (Pole Core) ¥indaaueiwmanu1ey Aumeatulsyneuninduuviadafaduimsy g
dl o b :; A L3 g = ! gj 1
Uaneviiusuldaiuiieldsiugunadne wlsinesiendt dauivan (Pole. |Shoes)
) P I & Ve | a =i o (T o = = B
Inqusradlitaualimdnuaslsnesindaiuainias welilindasennimisufigaoziinali
2/ I 5 1 1 @t (3 -l L L] = = o8 Al
dunsaimdnanuiudmdndwlvddsmesinniian wanibiifewssUaviamaslnvosls
T -] 2/ o 1 A 1 - -
wesinnidumshidtewmesiinidamyu (Torque) dauiasd uaainautuliivin (Field Coil)

] x’l 1 vo L4 Aﬁl IJ |3 ird 1
VWNUDYIDUY LLﬂu‘U’JLLi.'ILﬂéﬂ ?Jﬂﬁ’lﬂﬁ‘\’l"muﬂwi‘Uﬂ'iﬂLi.ﬂ’iﬂﬂ.ﬂ']&iuaﬂLW‘E]ﬁ‘S'HLﬁULLNLLiJLﬁﬁﬂ

[
=

TAnTY uaslduLsalaimantaefnnnswind s tasasufufuauulivnuoseanae $vili
Peusedndu
2. 151985 (Rotor) 1138 fasiau
samuihviliAni feusiununseglundugnii Ball Bearing Fasvnovegly
unutRTving (End Plate) vasuaiwnas mlsmasusznousiy & dumuiufe
- wnuan (Shaft) WushdmSuiareuinmasd Lasdaunuwmdnensiuaes
(Armature  Croe) Uszneuiluimlsmes unumarfiazneguunuis iedsdulivyuegly
wunfislsifinsduazdiouls
- WNUWAND15ILRBS (Armature Croe) VPeuEULan U981
au (Laminated Sheet Steel) {ufidmiuiuamnerfuaostaraussda (Torque)
- peufinames (Commutator)  deanewasesnuuuilududasdfouiu
Tufin (Mica) Fuseninsdvesmeuiuawmes dumdvesneniinaned aeilfesdmiulavans

A18799U9AIN8111Re3 Mrsuluamesidauduiatuunumanduginaunsensyuen 4



whidudatuudssdiu (Carbon Brushes) iiesunssuaannanetloudnlufwaainensun
1909 WaadaduunsaivandndrundsliAnnsindawasiasuiuiudunsadndndndiy
Fafinnuemntiwiungn findnuudFeniufftemewmes (Motor Action)

- PIND15U1L9835 (Armature Winding) luvaainiusglusesaaan (Slot)
YouueNRes avewmnTsdnvilauariuiuseusranuiedentutuagiunis

pankUUTBIIlsmasTilauue enaglimnzaniuaumieg

2.2.2 vanmavinauvessama i szuanss

nMvirudesiursmewesiihnszuanss fussuliassdoiuuyssenluiinen
Tmnes dliunaninifieTinTss TniramnesuliaesiAnaususvanlvihiumn
maudestodutanidany wesdwnndadudilds)  wisudutulivanansinieg
1ndq asunauslimdnudniuie-onsieeiny uldhufiamemundudaian nfeuduaoui
nosumsluing uwssthududaiudsuresmaniianmes wWasululdpuareviles
YA L,wiﬁmaﬁﬂﬁl,ﬁﬂ%gml,ajmﬁﬂﬁm%mLaaﬁmﬁauﬁ’u%Lm'm?mmfnﬁ@gﬂné’ﬂﬁnﬁ% Ml
o fwenifemsgandnlvvuldlufierhwnudaunfinipaana iinno svuyesenfues
Aonawnos ey fitsun 2.5

Magnetic force

F=ILB

JUN 2.5 MTnuTeBLARINTELANTY
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&
2.2.3 TwazideaiugIuvaINamasiWiInszuanse
1. ussaulnin (Voltage)
al = e 2/ 4 1 al e 1 U |
vaimeiyniardussiulvihldaufiuandeiu aunuandRveseinasudasind

Y a

Aranfmuau W wewmesiwiinszuansa 12 Taad Wy dmsunowmesiniinssuansaiy
aunsoldlnnssuansaisanseuaaduils widwlusemesininssuaaduazlilnnssuaadu
Wit wazvusaiulniindisnglsiunemes svfinadednind uazuselaveweinaiie dwnn
wsaulwihanndnssiazissinvesawmasnazannian

2. Msnavaenszualiia (Current Dawn)

Tunsivarednssuatuaznanislunsdfuowmesldsunseuaanundsdne lunsdld
sawmed Lildreruivanlng dussiinssualvaniulan walunsaifsinnsldnuseiulnanasd
Usnaunseuaiiiuanniy - msivavesnseuaiuiianus i@uinazdmnnssualineudn
vawesigliiim gt med wunsiulvan wesnssualwihfidelituneinesasiinade
SnsSuazusslveuinmesmene  ivndtenseialiiliiuuamesuin  dasusuas
wselnvasualnesnazunndae

3. u39Ua (Torque)

dvisuLs DR nisenalaasnssviulvan - linisRIsa i onuemastuiun
wssdntiopaidaulauinandishhviinldinnty kidndiusednfaunnt asnsoldanuty
Tnasiidbmindusrnduls gufulunsfasundentivutawad  Jedndudesidoya
Mg vewerasieiwudefnsantumsifenlinsely

4. 9951152 (Speed)

dilngusiasnsyuansasiisnsai§ndi 4000:7000 sausioi? FadmsnFives
yalmasanunsnanaws oL Tule AR THABINS U 4 danndeanisldnuiirenis
Augmnidesdeniamesiisnsuiage Wy dmiunshatauniimyurewelne’
TWinseuansety anansoridlaennssisbiihnssuansadalindrvewawmes Fawandlugy
i 25 wasidemswituiimmeniswuTsiomeiiannsaldlnenisndutanisne

T lnuuewmas

2.2.4 pauautfvawanaslninssuanss
1. n50d No Load
= = 1= & o 4 a 1
nsdl No Load wiolifimszmnanalumavyuvestawmes awvilinenasviyunig
msgeanan e favge dwalinszudlvaduewmediesiign Fslummguiasiirinu
0 udlumfuinssuglifunewes uidminfenisanarmiiwelnes Aaunsavihllag

nsanwsssulndin Vs vidoannsvuailidunewmes
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2. diadauawaslildlviveu

defauowmesldlimuazyild e = 0 nszuadlvadwawmeiaviirgeawiniy
Vs/Ra

3. Wanawmasgnaaiinfiu Load laq

dlewaweignaewdniu Load ansiivesawmesaziuiuussla (Torque) 38 Load -
vpauawes lapimn Load wnnagdunmsvyuresewss viliuameinyudauasss
nszuaun waglunanduiuin Load sumunisvyuiiey ueleiazinssuatiosuasviyu
& &
597U

4. frdenisiiundNusIvaINBINRS

A v = < ¢ o = ) 4 A

Wedoamaifiuauiavgwesios awnsaiiilagnagiauswiulnil Vs wieuiu

2 3 B4 2/ = & @ o LY
nszualiewed uadwindesnisanalewes Nawnsavitlalngnisanussiuldii vs
winannssLalvinugewes

5. NMSNAUTIANINITNYUVRIUBINDS

nsndvfiAnasnnsuyuueales anmisnilalaenisndutaundadteuseiului

Tiuuewes

d 1 1 1 ot 'ﬂl =
JUT 2.6 MasieuvaIinBusITUREAUANTIAYIIN T U BB T NS EIEnSS

2.3 lulaseaulnsaians

Arduino_8nwuin (91-9-5-1u w3e emeli) luvedalilasasulnsaaninszna AVR 7
#n1sWmuLUL Open  Source 79 ﬁﬂﬁﬂwaﬁazﬂawgﬁm Hardware Wag Software f7
vasn Arduino gnasnuuuaiiieliine uazazaanlunisldou Tnenwildifuuesaiasd
Snwauziu C/C+ Tnpdalill Library sineq indeulienldnuldviuiiuinine assuaqs

nsAasafu 170 s ldvanavans msldaudeieadouas USB Aaaaluswnsudiliuni

1
oW =

annsavsvgndldiulilasaeulnsameslavuil degui 2.7

U
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<

- dwuiidu Hardware  @e  vesedidnunseindaumdniilulasnoulnsaass

(MCU) 1uBudumdn gninaunyseneuiuivgunsaBidnnselindauy Wislddenenisly

& oo o 1 & ] s : = i o %) =

U WeNBeniuin vada Arduino, Tapuesa Arduino wenfivanasulidanld muawad
ADIN1T

1 d & & . & o o

- dhuillu Software  Aa mw1  Arduino  Hunwdmiul@sulusunsuniunu

lulasroulnsaass dnsleusuuiedatuniw C/C++  was Arduino IDE  Wule3nsdia

Ausudaulusunsumeniw) Arduino, Aadlwdlusunsy (Compile) kazduluanlusunIuad

va3n (Upload)

3‘1]"?!' 2.7 Arduino

vasn Arduing - Tassadeiisuil 26 wardqaiiude Feuiuarldntie Wesnnd
frdadneq Tusnavayilunislinusistuuidghidudou Saadidn Arduino 1099l
sUwuumsldnuase’ Aulilaspeulnsalaoidus Wi Basic Stamp; BX-24, Handy Board
Judu udllgaruiibimiouiulilasasulnsalaosdus, ed i

1. seilaiune lasann Source Code Wagassuanlsiv ansnsasiaasasiuedld

2. Tsunsuildmunsesiuntsvinanusis Windows, Linux Uag Macintosh OSX

3. fistuuuddsiitedanislin uannsathluldfunuesdiifimnududousnng

2 o/ ko4 o Q!) _ 1 2 v A o dy } 4
16 wazfaanunsnadrsmdauas Library Tusle unldouedds Walinnudungunnduue
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QG — o
29 i
— = - =48 28
3.ma$m ICSP - dwiu USE interface === EE =B
oo Q@ £
H5u e 4 amedm 1O
222 i i

21y Reset

W RONTMAN-S
b ] [ ¥

DIGITAL (Pun~) F &

twadnuUse |

I |« | svodn icsP . Atmesaize

10.MCU : AtmegalbU2

9483 Power jack 712V

&MCU ; Atmega328

7nain /O

8.:0%7 Power

ABA12C} SCL

Ad-{12C} SDA

g‘d‘ﬁ 2.8 1As3a5719 Arduino-Board

2.4 deysynsd PWM

PWM gayann'Pdlse Width-Modulation o isUsussnTivesiadaunsavile
TnethdayanaiansyrsBuiieutiu Invdyaiayausnde dygnaauden fudygrai
FoansUsuAIIN A fuBeNad (dryanaudiede) Ayaqon Pwv - ifuiideminnldaua
guUnsalAnen L USuRnsaves DG Motor wieawainsuemaanty Ingdidedne anns
adewdenu ewininmanssfusgiwaiion uayaNIIBReU Midrocentroller w3e
AovnasiAde dhdesnsdmasnuliisaunsaluin sy Duty Cycle iin windians
dendsanuries USU Duty Cycle Uaw wWusiu ﬂ“’agﬂﬁ 2.9 uay-2.10

Counter Value
4

Up-Down Counter

§
[ i dygnnudndy |
i BEE R
7 L . time
Voltage
v i
|
|
vl
Low | oo .
(... > time

U#l 2.9 PWM wuu Center Aligned

Caft
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Counter Value
r

///- Aynnuiss '
i
» time
Voltage ,
\ T—
High
VLm \—‘ .
— — — time

Ul 2.10 PWM - Edge Aligned

2.4.1 msldussloviann PWM _
Tuszuuidnoatiuesddaaioiid Hish uaz Low assiinnnit fkenisasiiszuy
fdmealumunugunsaififesarunusgdnana Analog Wu-n1silUmuAlA S WEInDS
Bt TussiuninoaegliamsnsamonsgUnsainni ldns: |- szsoddewm luniseuau
TneazUuanunaivse High-Low (Duty Cycle) fiafhaghsald éfﬁgﬂﬁ ki
~509% Dty Circle Ag anusianiiiu High 30% wasanubiaiiu Low 50%
=259 Duty Gircle fig ATUNATTITY High25% wayaiuaaiiiu Low 75%
~75% Duty-Circle 0 Aruianiiiu High 75% warmiuwnatiiiy Low 25%

Duty Pulse Width Modulation
Cycle
0% ov Qutput off

N A

3.3v

] | \ I

3.3v

= e I LR L

3.3v
100% Output on 100%
Ov

gﬂ.h'?i 2.11 n3muand Duty Cycle



15

2.4.2 nsdeAdaysyras PWM Tu Arduino

1 e

PWM (Pulse Width Modulation) g ATANISEIEUNIMLUVEIRT WIadeAT

<@

'
o 1

Adnea 0-1 Tnelvdngrannudaed nsaiuanszosa @y Iage-naeiy fazvilien

U

1 s 2’

wsssuadgvasdyanaisiuiie dmsuluga PWM 189 Arduino dauaziden 8 Bit viie

v
@/ s

USUld 255 seiu fdurndyai 0 1aadds 5 Taad asgnuansludyainuuuiinea aela

0 4 255 Feanunsaiieudadrudnuainiarasaduainaidneald fdwgun 2.12

Pulse Width Modulation

0% Duty Cycle - analogWrite(Q)
Sv

Qv

25% Duty Cycle - analogWrite(b4)

SV - 1 1 s S
50% Duty Cycle= analogerte(ll’?’)
i 1 I e !
L= T e .

75% Duty Cycle - analogWrite(191)

SV : Peo ot SR

Ov ' ) — -ronl J L-
100% Duty Cycle - analoante(zSS)

Su—‘r——r-—T

0

U 2.12 n3mluans Duty Cyctetfistiuen Analog 983 Arduine

2.5 LYULYDIHES

\wuwasuas (Optical Sensor) %38 Photo Sensor lasmiluldlusunisasiadunns
wdeulm msnTafuing wagnsmseaevtwiagUitwesing lwuweulaivinalag
fandnnnsaLarsuLas Jarulsenavdfy 2 d@iufe fdwuas (Emitter) wazaisulas
(Receiver) dnwarmansaduiinanmsiiduasnidauas diluasioutuinguiognuns
ﬁguﬁfmi’ma E'Nwa‘lﬁﬁfs%’uLLﬁqi’ﬁmazﬁ;ﬁmﬁuuazLﬂé’l&JuLLanaﬂﬂaxmaaﬁ@mﬂmwwaﬁwu

s luldusgly
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gunsalidudsuuasdnlvefionldinidlalen (Photo  Diode) — n3alwld-
NT1UTaes (Photo Transistor) d@udidenastiulaealuld LED (Light Emitting Diode)
P 1 2 1 o a & =Y & o 2/ 1 -] at 2/

Hasmnmrsldnusuiuiastidanseiindilaie azainlunistizeinum Mnssualwih
i uazlalldsunansenuamnanmzseuinddiasluauuuiven anud aAnuiou ATy

PN TAUALLTIDULUS

2.5.1 Uszinn9a9 LED ANATINENINAUTDIUES

1. LED uwuunadunsnsn danuenndusglutig 910-950 wiluwas ldawnse
wpuiuldmenUan Ianuduvesuasguuazssezadding uwilianunsawenuezauunneiig
Yosdle

2 LED wUULAIELAY Sanuemadulszaia 650 ualuwns daadiulaeenidan

AN nataglussaul U A111500 3299 UNURINT A FUdulas ATy IuUnNuE

LRl

3. LED Auuwasdide Sanuaniaaulsyann 560 Unluiins IRauiduueweenn i
svaznsesITunilng ansanseTunRufaLAsULnuaT LAA

4. LED UssLAvILANa e st s @ ufin a4n1saInaziountun13in

252 UsTANVDIYUYDI e

i
F o e

WU ESRAYELT AU NN YL TNSIIY LagiuiuInIsiessiniuLaLLazs
denaale 3 Usviam

1. R LA szInNnsI99uTnEASe (Diffuse Reflective Optical Sensor) 1u
wulwasviialduas (Optical Sensor/Photo - Sensor) Uswinniididatatuazdiiulasfini
swegmelusifeafil wsiedulagnsasiiouduastagnssiudaing uazlifagiudud
asviouduanduun s uuas - laslidofin1susuweefianiaauas ssagnisasaadulng
P P al -l w - - o ‘ & e Y]
gallaiSyuiieuiuwuuay dsoen1sAsiadulssanm 1 wns wugasUssunmilteuly

o = | a & - nll a_ o v | 2 ¢
wndign Wesnasmnuazdrelunisings Milelumsfndsdos s1angn ldsedldgunsel

o
ot s 1 s  as I‘L

uiuAwTEivsfdwasivegludiieniu ansanmaduinglainounnuila onviu

[
o s

Tgifidnvaruindundegandusauaz ingfildswas ngdmiunsasinduinghi

U q

Fnuarinuiitey Wusuinuesfiuuas sseznisnsiadulusgiudnvasvesinginesnis

9

v = o

as19du 1wy # wasanuSeuiiuvesing lneszeznsnsindvavanasedwndnluingde

NguN 2.13

=D



17

Tx \

e

Diffuse Reflective

g‘dﬁ 2.13 #ann13191U Diffuse Reflective Optical Sensor

2. Lsduvd’e']'S‘LLﬁaﬂﬁxmwﬁmﬂﬂﬁzﬁaunﬁu (Retro Reflective Optical sensor) W
wuweiuas (Optical Sensor/Phato. Sensor), iadendnmsasviounduresaduas Inadde
uasauLasAsadT e ElusRefu AT uTan fuladnse s sfuiiuses
Ussionidedddiliuiuusiudsiaunas (Reflectorn) Wiaussloudlunsdiamuduvasuas
Ty Snarldsrgenslurisarassuiisa ndusae T5zpsnisnsaadulssuna 3-10
wns Sorvauwwmeilduas (Optical Sensor/Photd Senson Wssnviifle misUsuLsisfian
duasilding Ankene dsvtiznisn 1930t unats-nsnsseduledseiynisnsaduly
@ @ = e

uiudveeing udllanisansariuingdifatunanas el nenvinghiidnwne

1

e

i

LS | =) ] “ ./ ) ar e o d
umﬁnﬂmﬂauuﬁmaﬂummiaawauuﬁanaummmw FIGE‘UYI 2.14

=

Reflector

object

Retro-Reflective

g‘dﬁ 2.14 #dnn13Y1197U Retro Reflective Optical Sensor

3. luLBsuaIUsTINNAEIUAAEA (Through Beam Optical Sensor) (du

wuoswas (Optical Sensor/Photo Sensor)  Midigisnsansaduasiledingiifosnts

L2 1

H5VULAADUNKIUTEMINIIS VLAY WU asUSE LN NURRAIIFILAINUA IS ULE LN

s At

2 ! n/ct' @ | g€ a k4 da @ =
wazdosinglwliisidwariiiu uanilueugeivialduasiiiszeenisnsiadulnaiga

o
Y

aglsimuguresUszinvilfinfienn wasdsimanitussnvasiadulaensaagiuas
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Qs

dumaen lasduazanudiuinvesingliinasaningadu ansensiadulaanenghd

1 s

anwazduifivwasviny Waunsonsafuingidanminlusaadla deassrledmiv

D

nsfndagugesuatlssianilfa desliunsgudvesiniuuasdiddvinseiuians dagy
2.15

Object

Through Beam

gﬂﬁ 2.15 ann1911391 Through Beam Optical Sensor

2.6 wialulagnissudetayanuulsans
U

1
s =

=l o o > o/ < 1 =5 = = ]
wialulaBnsdedagaivuliane aafieatuudinanluiindugenansidoygyiua
| ' = L\ -4 5 &
ansauuInuT R IvesRautmanlwiale ¢ alle el
= e 4 H' 1 v 1
1. Buvlsse (Intrared) \Judnvaizvataduililunisditoyaszozlngy Tugas
o o w1 o 2 w @ e 2 o B @ 0w
anuidiiuauinn Mrssmedeanstios Sinldfunistom Hoyafliiaiausemineidety
msudyan lngdesdlditnisdoansaantundunss svozmdlinfiu 1-2° Ldns A1u57
. ' (ALY as a v o 1
Uszanal 4-1 wnnsUnaowtit 1y ansasduanuainsimpaulnsaludelnsfimi nsiwouse
a ¢ - | ¢ e &
AaNImBsaRATaN e 1UNDTA DR SR s
& a f | - o
2. AAWIY (Radio Frequency) l¥asdyaalilugania lasiisnsyaiedyan
daludaiaudyaa wasldaduinglurnanudiadneg fu dearandiszanm 2 wnnedn
] =l 1 P 2/ 2r - - =1
doundl 1w n1sdearsineldszivisana nasdesslussuuinglanidy (Frequency
Modulation : FM) totd3 (Amplitude Modulation : AM) (&g
3. lulastan (Microwave) azldmsdsduanaumduiimanindilulueiniandoudu
v o v | v aal o v A o W P o
Toyafidoinisds wazfesflandfvimihfduazSudeya iesndygalulasianay
wumaduduasddannsaifemislfmueulanld Fedeadinisfsaniisu-dudoyaidu
szuze) wazdsloyasdafiuduneny sewianiiiveanni aundziEnnivatens uazusaz
anilagdaglufias wu mafvesings seawn Wusu iendnidesnssudaiaviduws

nsiAunvesdyaa wnziunisddoyaluiuivindlng
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4.  e1ndien (Satellite) \WuandSudsdyaalulasiavivuaiai dalasunis
o = P L T S S Y Py \ a 4 gva i w |
Wauduuiilendnidessdedinvesanilsu-ddalasnuuiialan ieldiluaniiu-de
Fuonalalasonuueinie uasmudanaluiuilassvedan Jeasdesdanaaiuiu i
wihiunarddyanudulivuaiiioniilaasegasainiiulanussana 35600 lud lay
afivEntuaviafeufifauiivifunswguedan Jaaileutuariiieudusyil
o al o @ o 4 [ N c‘i” =
fuiungAlanuyusaudaes shiinsdedyarailulaswananiinieulduuanaiion uas

msnszedauannandisuasndweninugeniie vuiiilaniuluegrauiug

aa A = 3

2.7 wunmaadeulnawes
Ha o = L3 2/ A;i'/ g:" a L4 = L3
wuameiateulnduesgnedituniunlaenTsruddninslan-ndmes Tuguuuy

wie wazuds adrefuildinanain daldnaeonandegusntsdidnvasun uddsasdl
puausnlunsfsagn1stiEled uananiluunmesviintddiniuiug wasgnuiuuy
ThfinnuUsendegudduudiTfaidefs’ wuaingivssnviissaageniuunneiases

= 1 o Tty =
lovau wardaunuiniiraumasiueen i negun.2.16

Semi-Rigid Wrap

JST/XH
Balance Wires

High-Current
Connector

Stacked Cell
Construction

Hard-Wired

Lead
12 Gauge .

Maxx Cable

UM 2.16 dudsznounelununneifiBenlniues

2.7.1 pusntivaswunmeiaseulndnes

1. \iudseglnflu 1 Vlegliranausey

2. yoswmdululaifnly Jaends anpnudssdosyida
3. w¥ouldu uneeanannassudrldaulaviui

4. UNATINLUY WANIEEAIN
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2.8 Tsunsu Arduino IDE

Arduino IDE %38 Arduino Integrated Development Environment #9 \Sasdtefily
dmsudulusunsumurun1sinemuves Arduino  aganunsaldanuldiu Arduino yngu
TU5Un3U Arduino IDE WHulusunsy Open Source @unsalnanluldnulaws wazdwilan

fedhalimaaaugUnsaline wu Wsinsulinseniu WWsunsunageutewnad s dagu

]
=i

217

2.8.1 JUABUNIT 1G9 Arduino IDE

o
1 4

1. AAUBSALARSINUUETAT LTI

1 €

AmasAaNdatulas (NSUABUDSATIY)

ee

2.

=

ee

3. faAriinn1s@sulusunsi (NSaReUeIAI59)
4. JFeulusinsy
5. nalyl Compile-figndatinailunwieias

6. natidulvdauaie (nsfidevsingia)

A 1 1

ll &3 <kétch janda | Arduing 1835 2 | b9

File Edit (Sketch Tools Help, L/ (oioao i)

skelth jan04a §

£l e Al

EPCRE sfTi 35" RAar®, UE run Shies

Arduino/Genuino Uno on CONM

o 1

g'ﬂﬁ 2.17 f9g19mtn9lUswnsy Arduino IDE
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N1388NWUUUEUATIAMUAZR IAlgaNSIwas

Tuunilagnanfanisdenldounsalidemadenisvirnuvesjusudinaiuagenn
Tgarsiwad waznisiaunssuuauay Welimusudinanuareiaundleaiiigasyiaule
DEHUTEANTA W

3.1 gunsaldmsunisvinsuvesjusudiitauazaaleasiaad
winseanuuusruuiulaaeutazavallngazidiuiisqusznoudae

lulpspraulnsalans UaLasATLARNS WUWOsRII9TUTE Uy wiasdae L vesaduuawmas

ATELANSY Wseinadazete Slunderusyeslng

3.1.1 lulasmaulvsaines
Fonldlulaspeulnsaiaasiue Arduino | Mega 2560 iasannuesasuiliiaiiu

wnganfugUnsel insiedut sl smueiiiustion dWemaesenisliou
Aanandlugun 3.1

5Ufl 3.1 Arduino Mega 2560

3.1.2 4DLADINTLUENTS
denlduewmesnizuansy 12 V Ju ZGA60FM3341 Tusiduindiauvuend 1ilasan
Wunewmesiilinidge wasilunawedifed vnlddelufinseualuveimes fusudazll
= < & o @ =
\mFBUNANAEINIUEY fuandlugun 3.2
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U

5Ufi 3.2 nawmednssuanss 12 v U ZGA6OFM334l

wazidenldueweinizuanss 12V 3u ZGAs77 —flushiuutseharuazenn
= ¥ j o - /) bl WA, o ‘ g v
Wissnmsfiseulunisyiaid 80 | prw inasunnsineRayeIn wagdildnsyudlunis

viudites dauandlugdi 3.3

gﬂﬁ 3.3 ualfasnIvuanse12'V qu ZGA377

3.1.3 vafaduinfounaineinizuansy

Tududuindeuueud denldusiatunoimesnszuanss Ju Motor Drive Module
(BTS790)  43A with H-Bridge o nausaduneimeinszuansslaglddyana Pulse
Width Modulation (PWM) wazasnsadunszudldanngs 43 A fszuudesiusiieg laun

Over-Voltage, Under-Voltage, Over-Temperature ﬁ’mam’lugﬂﬁ 34
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gﬂ‘ﬁ 3.4'BTS7960H-Bridge DC'Motor Drive Module

TudrudirdounysevinnTuayedn aanlduainduteinainszilanss su Motor
Drive Module’ L298N 488N ASyieIuasinilay BTST90 wsausadunssualatioanin
oSN TuLU T ase A lls U ilin 189 aan AeRNSLLaT [ITUT WA INe

) =
Aauanslugun 3:5

gﬂﬁ 3.5 Motor Drive Module L298N

3.1.4 UnaeIeWaIUlnAn
wasdnenasuliivesueud wenlduuaneiussinn Lithium Polymer (LiPo)
wgirdenszualiilagsniuunmeiundaly laelduunnes 111V (3 Cel) mq

5200 mAh F1enseud 35¢ vilfiganerensvinaunelu 1 $alus dgud 3.6



24

5200 =

High Drzcharga Lithium Polymer Battery
Powered radio controlied models

3‘Ll”7i 3.6 WUALABS-Lithium.Polymer (LiPo)

3.1.5 Wwuweiipssey
Fonldeuiwosiasyoeainduninn Ju Sharp GP2Y0D805ZOF. sz dnfivuinian

asonTaduszes eeane 0.5-5 e vhnuluiuifilgasigiigels Jamngnsilldlu

Wuinaeway dagun3s -

qUi 3.7 lsuigeidaseuy Shiarp GP2YODBO5Z0F

3.1.6 Sluvaaulniaszeslng
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E‘U"v:i 3.8 PS2 Wireless Controller
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AARNUIN N

Arduino Mega 2560

QOverveiw :

The Arduino Mega 2560 is a microcontroller board based on the ATmega2560
(datasheet). It has 54 digital input/output pins (of which 14 can be used as PWM
outputs), 16 analog inputs, 4 UARTs (hardware serial ports), a 16 MHz crystal
oscillator, a USB connection, a power-jack-an_ICSP header, and a reset button. It
contains everything needed.to support the microcontroller; simply connect it to a
computer with a USB-cable or-power it with a-AC-to-DC adapter or battery to get
started. The Mega is_compatible (with- most -shields designed ‘for the Arduino

Duemilanove or Diecimila.

Summary:

Microcontroller ATmegaz560

Operating Voltage 5V

Input Voltage (recommended) 7-12V

Input Voltage (limits) 6-20V

Digital I/O Pins 54 (of which 14 provide PWM output)
Analog Input Pins 16

DC Current per 1/0 Pin 40 mA

DC Current for 3.3V Pin 50.mA

Flash Memory 256 KB of which 8 KB used by bootloader
SRAM 8 KB

EEPROM 4 KB

Clock Speed 16 MH

Power:

The Arduino Mega can be powered via the USB connection or with an

external power supply. The power source is selected automatically.



41

External (non-USB) power can come either from an AC-to-DC adapter (wall-
wart) or battery. The adapter can be connected by plugging a 2.1mm center-positive
plug into the board's power jack. Leads from a battery can be inserted in the Gnd
and Vin pin headers of the POWER connector.

The board can operate on an external supply of 6 to 20 volts. If supplied
with less than 7V, however, the 5V pin may supply less than five volts and the board
may be unstable. If using more than 12V, the voltage regulator may overheat and
damage the board. The recommended range is 7 to 12 volts.

The Mega2560 differs from all preceding boards in that it does not use the
FTDI USB-to-serial driver chip-Instead,-it features the Atmega8U2 programmed as a

USB-to-serial converter.

The power pins are.as follows:

VIN. The input voltage to the-Arduino board when it's using an external power source
(as opposed to' 5 volts from the USB ¢connection ‘or other resulated, power source).
You can supply voltage through this pin; or, if supplying voltage via the power jack,

access it through' this_pin.

5V. The regulated power-supply used to power the microcontroller and other
components on the board. This'can come either from VIN via an on-board regulator,

or be supplied by USB oranother regulated 5V supply.

3V3. A 3.3 volt supplygenerated by the on-board regulator. Maximum current draw is
50 mA.

GND. Ground pins.
Memory:

The ATmega2560 has 256 KB of flash memory for storing code (of which 8 KB is used
for the bootloader), 8 KB of SRAM and 4 KB of EEPROM (which can be read and
written with the EEPROM library).
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Input and Output:

Each of the 54 digital pins on the Mega can be used as an input or output, using
pinMode(), digitalWrite(), and digitalRead() functions. They operate at 5 volts. Each pin
can provide or receive a maximum of 40 mA and has an internal pull-up resistor
(disconnected by default) of 20-50 kOhms. In addition, some pins have specialized

functions:

Serial: 0 (RX) and 1 (TX); Serial 1: 19 (RX) and 18 (TX); Serial 2: 17 (RX) and 16 (TX);
Serial 3: 15 (RX) and 14 (TX). Used to receive (RX) and transmit (TX) TTL serial data.
Pins 0 and 1 are also connected.tothe corfesponding. pins of the ATmega8U2 USB-
to-TTL Serial chip.

External Interrupts: 2 (interrupt 0), 3/(interrupt 1), 18 (interrupt 5),,19 (interrupt 4), 20
(interrupt 3),/and 21 (interrupt 2). These pins can.be configured-to trigger an interrupt
on a low value,aTising or falling edge, or a change in value. See the attachinterrupt()

function for details.
PWM: 0 to 13, Provide 8-bit PWM-output with the analogWrite() function.

SPI: 50 (MISO),-51 (MOSI), 52 (SCK), 53 (SS). These pins support, SPl-communication
using the SPI library. The SPIpins are also broken out.on the ICSP header, which is

physically compatible with the Uno, Duemilanove and Diecimila:

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

12C: 20 (SDA) and 21 (SCL). Suppert 12C (TWI).communication using the Wire library
(documentation on the Wiring website). Note that these pins are not in the same

location as the 12C pins on the Duemilanove or Diecimila.

The Mega2560 has 16 analog inputs, each of which provide 10 bits of resolution (i.e.
1024 different values). By default they measure from ground to 5 volts, though is it
possible to change the upper end of their range using the AREF pin and

analogReference() function.

There are a couple of other pins on the board:
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AREF. Reference voltage for the analog inputs. Used with analogReference().

Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset

button to shields which block the one on the board.

Communication:

The Arduino Mega2560 has a number of facilities for communicating with a
computer, another Arduino, or other microcontrollers. The ATmega2560 provides
four hardware UARTSs for TTL (5V) serial communication. An ATmega8U2 on the board
channels one of these over USB.and-provides-a-virtual com port to software on the
computer (Windows priachines will'need a .inf file, but OSX and Linux machines will
recognize the board as a-COM port -automatically. The Arduine software includes a
serial monitor/which allows simple textual data to be sent to and from the board.
The RX and TX LEDs. on the board will flash’when data is being transmitted via the
ATmega8U2 chip sand “USB | connection  tos the wcomputer (but_ not for serial

communication on pins 0 and 1):

A SoftwareSerial ‘library: allows: for’ serial communicationjon anyof-the Mega2560's

digital pins.

The ATmega2560also “supports 12C (TWI) and SPl communication. The Arduino
software includesa Wire " library | to~ simplify  use of the- 12C/ bus; see the
documentation enithe Wiring website for detaits..For SPI communication, use the SPI

library.

Programming:

The Arduino Mega can be programmed with the Arduino software (download). For

details, see the reference and tutorials.

The ATmega2560 on the Arduino Mega comes preburned with a bootloader that
allows you to upload new code to it without the use of an external hardware

programmer. It communicates using the original 5TK500 protocol (reference, C

header files).
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You can also bypass the bootloader and program the microcontroller through the

ICSP (In-Circuit Serial Programming) header; see these instructions for details.

The ATmega8U2 firmware source code is available in the Arduino repository. The
ATmega8U2 is loaded with a DFU bootloader, which can be activated by connecting
the solder jumper on the back of the board (near the map of Italy) and then
resetting the 8U2. You can then use Atmel's FLIP software (Windows) or the DFU
programmer (Mac OS X and Linux) to load a new firmware. Or you can use the ISP
header with an external programmer (overwriting the DFU bootloader). See this user-

contributed tutorial for more information.

Automatic (Software) Reset:

Rather then requiring a_physical press of the reset-button before an upload, the
Arduino Mega2560 is.designed-in away that allows it to be reset by software running
on a connected computer. One cof the hardware ‘flow control lines (DTR) of the
ATmega8U2 is connected to the reset line of the-ATmega2560 via a 100 nanofarad
capacitor. When this line is asserted (taken low), the reset line drops-long enough to
reset the chip. The Arduino. software uses this capability to,allow you to upload code
by simply pressing the upload button in the Arduino environment. This means that
the bootloader-can have a shorter timeout, as the lowering of ‘DTR/can be well-

coordinated with the start-of the upload.

This setup has other, implications. When the Mega2560"is.Connected to either a
computer running Mac @S X.or Linux, it resets each time.a connection is made to it
from software (via USB). For the-following. half-second or so, the bootloader is
running on the Mega2560. While it is programmed to ignore malformed data (i.e.
anything besides an upload of new code), it will intercept the first few bytes of data
sent to the board after a connection is opened. If a sketch running on the board
receives one-time configuration or other data when it first starts, make sure that the
software with which it communicates waits a second after opening the connection

and before sending this data.

The Mega2560 contains a trace that can be cut to disable the auto-reset. The pads

on either side of the trace can be soldered together to re-enable it. It's labeled
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"RESET-EN". You may also be able to disable the auto-reset by connecting a 110 ohm

resistor from 5V to the reset line; see this forum thread for details.

USB Overcurrent Protection:

The Arduino Mega2560 has a resettable polyfuse that protects your computer's USB
ports from shorts and overcurrent. Although most computers provide their own
internal protection, the fuse provides an extra layer of protection. If more than 500
mA is applied to the USB port, the fuse will automatically break the connection until

the short or overload is removed.

Physical Characteristics and Shield Compatibility:

The maximum/ length-and-width ‘of the Mega2560-PCB_are 4 and 2.1 inches
respectively, with_the USB| connector ‘and power jack extending beyond the former
dimension. Three screw holes allow the board to-be attached to a surface or case.
Note that the distante between digital pins 7, and 8 s 160 mil (0.16"), not an even
multiple of the 100 mil spacing of the other pins.

The Mega2560 is designed to.be compatible with 'most shietds designed for the Uno,
Diecimila or Duemilanove. Digital pins 0 to:13 (and the adjacent AREF and GND pins),
analog inputs ‘0 to 5, the jpower header, and/ICSP' header are all in equivalent
locations. Further.the main UART (serial:port) is located on ‘the same pins (0 and 1),
as are external interrbpts 0 and 1 (pins 2 and 3 respectively) 5Pl is available through
the ICSP header on both.the Mega2560! and Duemilanove / Diecimila. Please note
that 12C is not located on thé“same-pins on the Mega (20 and 21) as the

Duemilanove / Diecimila (analog inputs 4 and 5).



46

Schemetic:
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Motor Driver 43A BTS7960

The Motor Driver 43A BTS7960 uses an H-bridge driver module that
composed by Infineon power drive chip, with overheating and overcurrent
protection. Double BTS7960 H-bridge driver circuit, with strong drive and braking
effect, uses 74HC244 chip to effectively isolate the microcontroller and the motor

driver. It can operate at high current up to 43A.

Applications:

e Current diagnostic

o Slope adjustment

o  Dead Time generation

e Overtemperature, overvoltage, undervoltage, overcurrent protection

« | Short circuit protection

Specifications:

Input voltage: 6V-27V

Model: IBT-2

e Maximum current: 43A
e Input level: 3.3-5V
o Control mode: PWM or level

« Duty cycle: 0-100%
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Schematic:
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Infrared Sensor (Sharp GP2YOD805Z0F)

Distance Measuring Sensor Unit Digital output (50 mm) type

Description:

GP2YOD805Z0F is a distance measuring sensor unit, composed of an integrated
combination of PD (photo diode) , IRED. (infrared emitting diode) and signal processing
circuit. The variety of the reflectivity of the object, the.environmental temperature
and the operating duration are not-influenced easity to the distance detection
because of adopting the triangulation method: The output voltage of this sensor
stays high in case an-ebject exists in the specified distance range. So this sensor can

also be used as_proximity sensor.

Applications:

1. Touch-less switch (Sanitary:equipment, Control of illumination, etc.)

2. Robot cleaner

Features:

1. Digital output type

2. Short distance type Detécting distance : Typ. 30 mm

3. Low profile Package size : 13.6X7x7.95.mm

4. Consumption current : Typ. 5 mA

5. Battery drive possible Supply voltage : 2.7 to 6.2 V

6. Sunlight tolerance

7. Add Vin terminal, and an external transistor of Vcc line is unnecessary at

intermittent operating



Block diagram:

Ve

,,,,,,,,,,,,,,,, s

: i N

; :

i | Signat , :

| processing eireait T Voltage reguistor | - )

: : Rﬁcﬁ}fj Il
........ ‘E — E ' V

i Oscillation cireuit | r 773

- L ; A8V,

i | LED drive gireuit Output circwit ¥ J '

. Ry

Distance messaring IC LED FB& -

Ri(LED current adjustment re§istance = 4.3 ) (LED Pulse current Typ. 70'mAj}
CrCa= 01 uF

QOutline Dimensions:

50

795 Light omiticr ‘Light detector i
rE] Jut 120 |
| o e 1
-~
i O | =
o = & & Syl
D] Cathode
Gl _@| LED FB
vu4001 [~ Sump (Easmple) @ LED
SHARPIS) T
: : @| GND
) &0
t aP2Yususiar ;t';r —
'[‘ ol LOTNe @& =
Monihil w9, O, N, D) pr s
{DIN Standad syrabol) @| REG
Yeart LN Standard symbul j _@ —
o —
DU Standacd v producinm b m
Remove (0, L0, 0,¥, &) P
(3x repunts Mself by & period for 20 yeaes) b Voo
. vess ] Mark " | g
2 1 1 --g-z-- Vie
e P o itk et 1w & Vo
B OE Less DLV Mgt a0 Sy S W ® A& iac i
c BOSICHlue Bilacky TR -—:; =
B | zoed ATALLVRER A pwlings ] i
R
(i3 (11 2026 te]
(MNote !} Unspecified tolerances shall be = 0.3 mm. Prodoct mass : approx. 0.7g
(Note2) { }: Reference value




AMANUIN

Arduino Code Programming

#include <PS2X_lib.h>
PS2X ps2x;

int motorAl=T;
int motorA2=8§;
int motorB1=4;
int motorB2=5;
int motorB3=6;
int motorC1=22;
int motorC2=23;
int motorC3=2;
int motorD1=24;
int motorD2=25;
int motorD3=3;
int sensor1=AQ;
int sensor2=A1;
int sensor3=A2;
int sensord=A3;
int sensorll,

int sensor22;

int sensor33;

int sensord4;
byte vibrate = 0;
void setup() {
Serial.begin(57600);

pinMode(motorAl,OUTPUT);
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pinMode(motorA2,0UTPUT);
pinMode(motorB1,0UTPUT);
pinMode(motorB2,0UTPUT);
pinMode(maotorB3,0UTPUT),
pinMode(motorC1,0UTPUT);
pinMode(motorC2,0UTPUT);
pinMode(motorC3,0UTPUT);
pinMode(motorD1,0UTPUT);
pinMode(motorD2,0UTPUT);
pinMode(motorD3,0UTPUT);
pinMode(senserl,INPUT);

pinMode(sensor2,INPUT);

pinMode(sensor3,INPUT);

pinMode(sensord, INPUT);

ps2x.config gamepad(13,11,10,12, true, true);

void loop() {
ps2x.read_gamepad(false, vibrate);
sensorll = digitalRead(sensorl);
sensor22 = digitalRead(sensor2);
sensor33 = digitalRead(sensor3);
sensordd = digitalRead(sensord);
if((sensor11==0) || (sensor22==0))

if(ps2x.Button(PSB_PAD_UP)) {

analogWrite(motorA1, 255);
analogWrite(motorA2, 0);

analogWrite(motorB3, 255);
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}

digitalWrite(motorB1, LOW);

digitalWrite(motorB2, HIGH);
delay(50);

analogWrite(motorAl, 0);

analogWrite(motorA2, 0);

analogWrite(motorB3; 0);

digitalWrite(motorB81, LOW);

digitalWrite(motorB2, LOW);

if((sensor11==0) && (sensor22==0) && (sensor33==0)&& (sensordd==0)X

if(ps2x.Button(PSB [PAD. LEFTIX

analogWrite(motorAl, 0);

analogWrite(motorA2; 255);

analogWrite(motorB3;.255);

digitalWrite(motorB1, LOW);

digitalWrite(motorB2, HIGH);

delay(50);

analogWrite(motorA1, 0);

analogWrite(motorA2, 0);
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analogWrite(motorB3, 0);

digitalWrite(motorB1, LOW);

digitalWrite(motorB2, LOW);

if((sensorl1==0) && (sensor22==0) && (sensor33==0)&& (sensordd==0))

if(ps2x.Button(PSBPAD_RIGHT))
analogWrite(motorAl,255);

analogWrite(motorA2,-0);

analogWrite(motorB3, 255);

digitalWrite(motorB1, HIGH);

digitalWrite(motoerB2, LOW);

delay(50);
analogWrite(motorAl, 0);
analogWrite(motorA2, 0);
analogWrite(motorB3, 0);

digitalWrite(motorB1, LOW);

digitalWrite(motorB2, LOW);
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}
if((sensor33==0) || (sensordd==0)}
if(ps2x.Button(PSB_PAD_DOWN))

analogWrite(motorAl, 0);

analogWrite(motorA2, 255);

analogWrite(motorB3, 255);

} .
if(ps2x.ButtonPressed(PSB_RED)){

analogWrite(motorC3, 255);

analogWrite(motorD3, 255);
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digitalWrite(motorC1, HIGH);

digitalWrite(motorC2, LOW);

digitalWrite(motorD1, LOW);

digitalWrite(motorD2, HIGH);

N

ORI

()
i
o

digitalWrite(motorD2, LOW);

if((sensorl1==1) && (sensor22==1)%
vibrate = ps2x.Button(PSAB_PAD_UP);
}

ifi(sensor33==1) && (sensordd==1))
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vibrate = ps2x.Button(PSAB_PAD_DOWN),
}
delay(10);
}
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