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ABSTRACT

It is widely accepted that many countries use different types of robots to clean
solar panels, for example, a robot attached to a solar cell frame. The disadvantages of
it are unable to move easily and the limitation of the size of the solar panel. However,
the solar panel cleaning robot could work instead of humans, so there is no need to
have a supervisor throughout the work and it can reduce the risk when the robot is
moved.

The objectives of the solar panel cleaning robot are to design and develop a
solar panel cleaning robot to suit the solar panels by using a wireless robot control
(Wireless Joystick) and a motion sensing distance (Sensor Ultrasonic). The movement
is powered by a motor and controlled by an arduino microcontroller. The robot uses
a spinning brush with a water spray system to increase cleaning productivity for the
cleaning system.

The study results of the robot to clean the solar panel using a gear motor
driven show that it can move on an inclined floor at 0-20 degrees. In addition, the
cleaning system can clean the solar panel to help the solar panel works more

efficiently.

Keywords: Solar Panel, Solar Panel Cleaning Robot, Robot, Brush Roller
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2.1.4 Cleaning Robot Solar Panels Thailand
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M19199 2.1 TePerUszneuiediunsianuazealeaniiwadluusenalny

a9y Fousm N15%11AY Aules
A0
1 | LightConception | lauvitaanu http://lightconception.net/
A0 8UTS
2 | Power Sunlight | laiAuyinA M https://www.powersunlight.com/service
Engineering Ar1nR LU
Co.,Ltd.
3 | kaercher lauinanu https://www.kaercher.com/
A0 8UT
4 | usvm Onlwans | lawhmanw kaercherhttp://www.xn--
Wwaa 9100 A¥01RN LU 72cama6f6bebabjf2ohg6gh9d.com/
5 | Clon avance Tauriapal http://www.lcon.co.th/
service SRR IIIPN
6 | uiew thuloand | vuoud Td1eis https://www.baansolarcell.com/
L@ 9710 wazldiia
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a 1Y

a ¢ v s ¢ Y & aa . 2
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d' v (v a 4 ] ¥ Q" =3 v v a & dl' ) 5 a [ [
WS UNSIUINNLaI Rzt N T usSudianasau Weta1sva 2 sieunusenuiu
#28 P-N junction 3eviliiimdulaansiuad
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lanzi3unin Front Electrode viminiidussudidnnseu P-type 3daoudsagiiuaiaves
6" 2 1 1 (v} aa @ v < v % 1

wadlassassdiulugiluloaun fapafidianaseudslutindnidossiuanues P-type
Farpuazdunulangisenin Back Electrode yMuinNsiusivlea

Watlhaseindnnnsenuinalaanswas hadoindazatgmnasnulriudidnaseu
waglgariliiAanisiedoulns Wendsganendianasousaslaassd udmniiadus fu
Buanmseuariludidu Ntype uarlaaagddludadu Ptype Awansluzun 2.5 Biannseu 39
TUsuius Front Electrode kazlaaialusaunui Back Electrode 11aiin15603995 #1210
Front Electrode waz Back Electrode Tasut9asiaziAnnszuwaliw 19 u 18 9391094

danmseuuazlaadzds Aagun 2.6 [1]

NAILEAIDTRE
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P-N Junction ——p -'U"J ? ; v é:
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JUN 2.5 lgasiwadidlosulasuuas



NaduaI R
Front electrode . _
Iy
mim?ﬂauammiazﬁauuﬁﬂ - A
- *"g’f /] yaan bl
el 13 % P
N type 1 W | i}_
P-N Junction —=p1— I +
o lk
e i Iw
0y 3 a . -
o A R T i I e P i a7
Back electrode

JUN 2.6 lgaswadiilelasukatiazfianisivavesnseualnii
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nsdesiuaruiunauin s1zazdeseg nansuannalmudunainuiu lunsdseney
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JUN 2.10 wUsdludeuiifivunsuazuds

1. vunUsslnaioawmas (Polyester)
ukUsdlndleameseaniuuuioununvuulsiluasuy 1eendsinignaid

anansaldaulsvainvaty gnitmunldanuausalunisnusenisyadauinnit vulnalnd



13

a

uusifesnitludou FellanuanunsolunmsBangudaldd nusoasviazatedosiunsiin
99nT1Atu (Oxidation State) fig aumafigeq Yosdunasunnvauzldunalaudaledd
Armannsalun1sdiniieh annsaldfunuidinniludou fddendeiidu sunsmie
yundn wardvuadusn ausfaisious 0.1524 fadiuas 81 1.905 Tadiuns

2. YunUssnalniiau (Polypropylene)

yundsalnalndidu sundssdadmngdmivnuanraiswuy asnsaldauly
anmadenlfiuegildifurennantu thiuasviazans induanduauiiasonude
nsnuazasldiiuognad wasdimsinguinge Wadisuivruwsasiingy q Tfdented
Hurunsederundn Sunaduihgueiarsious 0.1524 Saduns fa 1,524 Sofluns

3. uiiviteNd (Polytetrafluoroethylene)

yuwlssiiendidutanfesfuiumiasu Tddwiuauniiaiias q awnsaldauld

ARUANTIZNTALAZANNNIN 9] AAINEILIOLUNITAIUNIUAINNS D UsBLTDIEN
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yuny, vunauvsAls, sunnzwazdy 9 aunsthinldiftonugeamnssuviudseyiudy
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2.4.1 Gyroscope

Gyroscope Wuaunsalfendeusiesuasdonyu etiesnysenuiiAniveuwny
Yy v < A o 24 oqva a i a o
iU Usenaunlsdevyusiussyeglunsaudniinile Minlmdeduiiamasing q lolaedase
fo nyuluwnule 9 ALY luwudud@guesdeninanaviTbifuassnviiun e siul fud
£ a va o ! o 2/ o v & v A € 1
N39UdRILdEY MnAuaNTRfnavIiaunsaimannsiluyssgnaldiveysslevisng o
wnunewy Wude wasindudpludfvenniosiu 3a nalndsrumadeveweslin aunsel

Uasiunisnasuuiselug) wazseuulnnaase (Inertial Guidance) sudssuulueiuy
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SUT 2.12 Gyroscope Ju MPU 5060

Gyroscope 1 MPU. 6050 Lugunsainsinvdianilsildausauiuseuu Arduino
dedeuraiu MPU 6050 ué2azldeAy (Raw Value) Aorndildainuiwes Taodslsiuu
nszuaumsuUasailn 9 lnednfisnuldanduining q deusdszana 18000 8¢ 18000 fn
fnaadudniviigunsaleulddssalaimanziuihldldanuaie uwideanisaduiiioily
Wannuazulasireluse Map deunsssuthamendddluldnuass 9 owindfudu &
Alutrniauasdsundamaoning fafuisosdasailieglugafivzauduulag
Hua 0-180 asen FelivaneIslunisutas luidesiuasddids Map iundrouasimunlis
B = Map (Fuus, sanLdis, gsaniis, sanlv, gsaalonl) enfaegne wu fuus A A

Al -100 F9. 100 weisipsnslstAfuysogsening 0 fa 20 Aamnsaldddsdsaunisd 2.1
B = map(A, -100, 100, 0, 20) (2.1)

vdnuuasaind B aelalining 0 uagliiiu 20 39 8 9udu 0 dle A = -100
uaz B 92U 20 e A = 100 wazrdu o sTuinnaciuiasdudndiuiuly

vuzfin1seruAsny Accelerometer Usznausie Ax, Ay uaz Az foaldAnmanily
nsuenaLBenduesm a susmieidu o Tag Accelerometer Jaldianizaanusudaduy
lianmsatamnandadels wivihlufsannsasuaianudesanndiule dufimszimn 9
afafidinnsuyuviedes sunmisesgUnialfasiudou dawaliqaniig 9 vudeueesd
mwms'qL%qLﬁuhjLﬂﬂﬁuﬁuagﬁuaﬂﬂWQQWMLﬁaa Faarusadaduduafiionlfidisuduen g
gadlan fuSansavenldidieuesidesiewn Tnadeuaind ¢

Gyroscope Usgnaudae Gx, Gy wag Gz iiueflazildsundasfsoilefinnsmyu
wuslulnusing 9 uazANEndUINIUsTIN 90 B3 WilouiAunileviganyy Teazlalle

ArsAeurtelimiiounu Accelerometer 109911 Gyroscope vaulagn1sinAuLs7
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Beuuiivguseunnusing o vesgunsal lifimnnAeadesduen ¢ evhemianizneuiiinng
vy A udapiliidu uazbisunsafemlildidengamuudn
nsEUAAIE B UL BEnvzfoniANaInTe Accelerometer uay Gyroscope
UAUIUTIUNY
defesniseudaaniudaslunsmu Aedeniailduiau 90 Welifing
vy Aagldogiivszann 0 « 5 laon1sudly code Tuduil
Gx = (map(gx, -18000, 18000, 0, 180) - 90);
Gy = (map(gy, -18000, 18000, 0, 180) - 90);
Gz = (mapl(gz, -18000, 18000, 0, 180) - 90);
ﬁ’]ﬁﬁmmamﬁmLLazLLﬂuﬁwqqmmﬁu Waulpesdwes Library Jeff Rowbere Ll

ldldnuniugugunsaling q Ineiiameafagun 2.13

U 2.13 fhegrad1 MPU 5060

2.4.2 GPS

GPS W3aTaLfudn Global Positioning System Wiufida31 NAVSTAR GPS 18uszuy
Radionavigation Satellite Service AonsasnAunLAINAATBLamFgUnTaiuLiiuTand
ansnsavhanldnniuiivlanuagnnanimeina senuuulitassutasdamioslaitosndy
31 M9 wazlvimnuusiugregil 30 1wuRmng - 5 1WAS

N5¥19UY89 GPS fanfieuazdsdyyand uaud oenun iedeins eesu

o

Toyayrasuuiiulan 1A39e5UveIREINMsdyaIaaietet1eley 3 A fagun 2.14 Lle

v v

v uldasunagmsregineanial ess i iiisunaazaislagldszegiaatlunis
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A

gﬂﬁ 2.15 Q‘Uﬂiiﬁ GPS NEO6MV2 GY-GPS6MV2

2.4.3 dan3laiauLes

nanATinTEuzmMeadusansleta udnn1sid1AguInITinTsurmeAaUdanily

in Aensderaudansiletadnuiunilseanluandads (Transmitter) Wendulslusuiving

AANATINSALNOUNAULN kA 9NaUlUTUAISU (Receiver) Agn1sButuIandsnausanty

uflalasunaunduin vinianunsamssezieseningingiuduesla
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2 Y Y ) P a ¢ & I3 v
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[

wosanunsaldnunsaduinlavainwanesiin Baingitaauzveavailaeiiluasnivsed

q

A @ Yo v a U WY o v a sl a & !
ﬂ'J']llViu@ﬂa']iJWiﬂlsﬁﬂamifﬂ"ﬁUWL%UL%@ﬁUﬂqﬁmiﬁﬂﬂU‘lﬂ @a@]ﬁ']I‘U‘UﬂLGZIULGZIEWNF’\I'NNQ‘LUGNLLW

20000 Hz Julugadumnudfgaiunimuyudazainnsasuile lnenisauamszesves

v

A o v a & 44' - &
ﬂauaamﬂ%uﬂ%L%JuiﬂmmqmmimaawLLmiw JU

S= Vi (%) (2.2)
dle
S = 28N (LUNS)

Vizg: = ANELSIV00EBS (ANISIAAULEES 340 LunsAIudl)

@ % A & o Yy W v = = | =
dansladaulsasvinaulaglinannisagnound uaedlutie Ultrasound 39
o & v YR aa | o oA ) v I’ f a Ay 1 a
Tududnsiudadenieg fiflnasenisasraduiisiauisalrnudugesviaidlaogned

Uszandnn way dndusessianudilafestupudnuasvesrdusidainou lngaunse

[ '
I =

pS U IR lARIT AN ULAENITUNI NTE8AA U (Wavelength and Radiation)

& a 4 o & Vo A = A "
ﬂ'ﬁ’]llLﬁ'JSLUﬂ"IiL@‘UVI’NGU@Qﬁauuusf]u@E&ﬂUﬂ'ﬂ'ﬁJﬂ'ﬂ@Jﬂ LaEAITUYIINAU I@UﬁaULLNLWaﬂIW‘WW

[%
Y

= < | P = 1 o o A a & v 1 a [
UUISUATTNNITIBYN 3x108 LUATHBIUIN AFINIUARULAEIUU g nINvBIAaULILAn LW

wn tnglusneaelinnuisiagiuszunn 344 wnseeiuil Ngangl 20 esmwaded lay
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A v

7919850y iuu Wewiniguunliinasenniuniwesnaudsig laefinuga

[ |
1Y =2

19 ANEIIAAUILAY FINNIBAILIIETAIINAZBENTUATTINAITZEZNIG LAZNITATRUR

AFAN mez’jwﬁmmazlﬁmqq a1u150 A LAk UgIUINEITY

'
[

nsazviaureerdu (Reflection) Wunswadenisnsiadunisiivielidfivesingiign
o ¥ [ o [ Y N < ! < ¥ ¥ = =
Aduagvieunauln dmsuiagiiduvecuds wu wan 1l Yu uil 819 nienseany gl

[

AuEsatunsagviouniu dslunsesaiuingussiamifulusesiedmsunislddan
Slrdamugesiunisnsaduusdniu d1a vudnd vselowiiu eanfeglddugesuszsiam

Hlun13nsRIumsendngandunay FRsinduaguoy 9 fUN1INTITUTUNUNTNUN

Rovualuguaz ldisau
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v

NANTENUNIR U NN (Effects of Temperature) Tun1sldaudngduigesin

SreEnIUUsanlelalugaTAITIL AR TS DINANTENUNINURUNA IR NS
o < I3 ad = o q v < a Ql' I
Muvesduwes lnsgumgiiniuasuuladluaziinailinnuilunsindeuivesnauibes

WasukUasluaie fsanuisaesuiglaannaunisi 2.3

c=331.5+0.607t (2.3)
Tnedi
¢ = anuEqlunsiadeufivendes (uasAeI )

t = Al o Vouzi (EeFaALTeE)

'
1 I

) Y a & % = S a
Aa uaaWSWI%UQ%mﬂa UVLULUULLUULﬂumﬁﬂiuaWﬂ’]ﬁ TUNITAONBDUNLANINA

'
[

sruen1eluNI1TLARaUNT0IAALEEY HBNAINTIATIET1AEANYULYBT U n30TRT

(%

FDIN15951UATINE LU YanuRIlAY azvinlinisasaunduvesrauluLuUnTEdnnTyaNY

q

YINABDNITHIIIUYDIRISU u‘%’aLﬁmﬂﬁi@@ﬂﬁuﬂﬁumﬂ%umuuaﬂﬁnﬂﬁmmﬁmﬁﬁmuﬁﬁmaﬁia

nsaanauuiv laerudgieainbiAnsanveulaunnInaudnIfIgun 2.16

(t=201C)

7
Frequency

-30

Attenuation (dB)

_40 " | 20 (kHz)
\ 40 (kHz)
\ 80 (kHz)
=50
\\
200 {kHz)
-60
0.1 05 1.0 5.0 10.0

Distance (m)

UM 2.16 nsaaveuriudaniledaluudazaiud
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2.5 wunLmasaLiey
WUALABIaLe e (Lithium Battery) #30 wunnasiatdauloou (Lithium lon Battery)

Sendemunisnniundsnuludifeulesu (Liion) Tnenisasrednglnidnldindusening

[%
[

TIVINLALTIAUVDILUALABS LAY AUMEAUIUTISaNI1 WAL (Separator) fAuanansadula

[
v

° 4:4' s aa = = ] v & ! o
WQQU?ULLaSU'{L@@@u Lﬂaﬁausﬂmﬁsﬁqsfﬂlw aLﬁﬂui@@uf\]zLﬂaau‘ﬂzﬂqﬂsﬂg‘Ujﬂl‘U?J\‘i"U'Ja‘UN']UG]'J

a a

< = = 9 a v v
AulazilonauneUsyy aluulopuasindeunlufirnsaiutnu

q

nswndeunveslszadiuuleeuiilviiinanussdndlniwsensenitlad inu

A =) v Y o v a & & [ o Ay
LLG]L&J@IQJNH’WI‘UQ’]ULL‘UG]L@]@i@]’)ﬂﬁﬁ]%ﬂ’]ﬂﬂ’]ﬂLﬂUQUUUﬂUINImBQSULﬂﬁ’eJ‘LWI‘ZJ’]iJl‘UZJ’] bbe S

(%
[y

A a = Y o ¢ v aa A a d'
LllE]llﬂ']ﬁLa']LL‘UWLG]E]{L‘UG]@LGU']ﬂUQUﬂimLWE]I“U\ﬂu ‘Ui%ﬁ!alﬁ&]ﬂﬂ@auuia@Laﬂmi@umgﬂﬂu@ﬁ]

Y

' [
LY (XY

musaueguuazgnAuliisidmnuld

Usztnmvsevlinvesiuamesddontu d@ulugsonydaniuesralsznourssualng

=3

(Cathode) wsinflfisanauesAusznauyaalalua (Anode) sewduiu AgUA 2.17 931N
meuanldanusaduunld duluisnisnrvgeubilutauasdnuisigazidealiwilaney
WenFeuaziluldau Nelliemnuasnde wazdssdn3nmgegauaziinaauUnnsaniuug

azUssnnisidauvesgunIniviiains ooty | slinvawunneIasenil 4 vilandan 9

wAlyA (Cathode)

£14 (Can)

walum (Anode)

#adu (Separator)

JUN 2.17 drudsznauveauunineifibey
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2.5.1 wuanasalseunage (Lithium lon Phosphate : LFP)

Lunmesaiavean vi3e LiFePOd vi3e LFP iuuummeiaiSen Afldialuuasly
oganniign livloammdunalna Ténslwdiduneluauumned LiPO fiseuengnisldaud
Wi TAeefiyduainudou fussaniameuaillnihia LFP we LiPO 1 wad Ay
asdnduiausenulniuseanu 3.2 Taad drvesnsinluldnudussuu 12 Thad dosonun
sooynsuiy 4 wad ald 12.8 Tad Jadumguadivhludsiunldedsunsvaneiian saud

Irlauuleansiwad Ineinnuanunsoangui 2.18

LFP Specific energy
(capacity)
= Vel S . Specific power
C OZ2 B SXY4
| l AN
i i
} . & ‘\\, & l t
Z ‘ L\. : e -’|
Life span " _ / a2 Safety
Performance

sUN 2.18 wumimesasauvlaaLe

2.5.2 punmasatssulauaanaantea (Lithium Cobalt Oxide : LCO)

1 [

aa a (3 (3 ) a1 o o J o
wusmesasuulAveasaanled ¥3e LCO HAMAIuImIzgaustiidudime
a1 nanfeausadelilaunuddelnliiuvaunsalniulnaslalids fununzuasileluam

gunsaiiannsefindiry Inséwilledie Ndesnismdniosusagliuiu lnen wunme3dSey

laveadeantes 1 was Jusssiulniihuszana 3.7 Taad laedinuanunsadsgui 2.19
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LiCoO, Specific energy

/ILCO
Cost Specific power
Life span Safety

Performance

sUN 2.19 uunnesaseulaveadeanlyn

2.5.3. wuamesatsaunueniideanleq (Lithium Manganese Oxide : LMO)
wunln a3 B ukuInidasenied v3e LMO lddiunanvessmaisvuuuaniila
oonladfuuelng dvasdusznevtassmaueind denufuazasuilinislvavesdoous
Fu fiennugumunielumas dunszudldinniuaziidnsmuseanufeuldinniu §e
Aufifeudumungluadfdsaisafauuuda (Fast Charge) wazsenszuags
(High Dis-Charge Current) Weiluummosaisouusandanenlas annsaianonssudlada 20
y

- 30 wend nefiAandoulidugunnld uinuswesdiSeuwuenifasenled AlA1n1siu

wasulides wazenenisidnunlidlaen Tnelianuannsadegui 2.20

LMO Specific energy
(capacity)
S
Cost . Specific power
A
’\\ // ‘
Life span - / / Safety
Performance

JUN 2.20 wunnesalseuuuniianenlyd
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2.5.4.uunnasaseuiiraussnifialaveaneanlen (Lithium Nikel Manganese

Cobalt Oxide:NMC)

a a

LUALMBSALSsutAakuandalausaneantenrsa NMC aagnisiiiudAa Ni il

ARndInuTIas Walvludiuusenauveualng vlikunneiaiSeuildauuaniila

& a 1 o o

laveadoantes damaanuinmegdu nalarslagadnininusidndvsousaiulnings

a

feUszunns 4 adnowad Wuihelwunmasassuiddatuanitalaveansantanviin NMC

U Ay =

Lyilsfdrunauveawusniila sdemntnidedslaiuwsnidadnluioiunnuades naffowy
amesaseuilidaussnitialaveadesnlyd Ivemauadosuayldnulalununseiugs (High
Voltage Applications) n1sUsuLUAsUAILNANTE IS UiAa usnlla wazlauead vilLAn
a 1 wa a J Y U ) Y a 1 1 ] '
yindouazaanianuanssiuuazdinatugaviguesindnusag ey U NMC111 Ju
NMC622 30 u NM811 TudaguuuunimeidseiliAawuiniialaveadeanles dnay
Aoin13gdlugnavnISUIALUR EV InszmenuauURtimngugs Ienseudalaas Jadies

A wagnusiogaumgiilanuin dlelusaeudlnivatesuu Tesla Model S, Nissan Leaf,

Chevloret Volt, BMW iugy Iﬂﬂﬁmmmmsaﬁagﬂﬁ 221

NMC Specific energy
(capacity)

—

Life span -

St

Performance

JUN 2.21 wunnesaseuiifausanilalaveadsenlys
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2.6 M3nuANsTEEing

nsdeasviiommunusrerlnavemjusufluigtuiuivareguuuulunisdeas
Tnsmadenldtutusgifutssnnisléou Taenismueusserlnadulduvady 2 vindufio
wuulSane wazwuuldany

wuldaeduanmnyausuusudiidanuafiosinn dfunsautuyusudilad
nsidoufinaranuannsntuarannvanediaiSeudiisuuuuulians

LLU‘UI%'mﬂﬁ?uasmmsauﬁ’wjuauﬁﬁmmmLﬂﬁauﬁlﬁlﬁﬁmﬂﬂﬁﬁw%maé’aumpm
Annnudrumnzdmiviusudiiedouiinaunasaan Imamiﬁamiﬁu%ﬁﬁmEJE'ULL‘U‘U

1 Bluetooth, ZigBee, Wi-Fi, Slundayayrading (Radio Frequency, RF)

2.6.1 SlundgyeyrauIng (Radio Frequency, RF)

v q

=y

A a IS { 1 I a ~ A oa X 1 aa ¥ o
mawIngluad uwdanlwirydanianiiad ulugeanuddnguuduaiuna sy
wiiwanlui pduinglideseduianaidlunisiadoud audverdu veds S1uiuseuy
= = a o A4 A a a0 A o v o !
voansiUisuwdatvesnduluig 1 3l aduidesdinnunyisiyeesrusuilsla Ao A
20 1830 £i9 20 Alawdsnd durdwingdupduwivaniniiainudge e1alisaus 3 Aladsnd

LUauiie 300 Angldsnd ASUINELAREYII9ANUALYNINUAMALTIINAUAN 9 AIUAY

o v r-ﬂ'

wangau lag3landyaraingianvagaagun 2.22

a

e (Radio Frequency, RF)

gﬂﬁ 2.22 Slundayeya
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2.6.2 Sandyeyrauss@dunsnsa (Infrared, IR)

$9AduNs IS undNT IS A ldwAe vSaTedmuseu WumduwswmAntWH AL

AUETIINTURY TENT AR UINLAZRANTANNATUYI 1011 - 1014 \F5nd Taudluyis

Wwerdululasian danuenadueyseninuaduasiunauingaaisyneiandoungdeg

Y

F¥UI19 -200 earlwalgeatie 4,000 asAaalgyd dzUaegTeddunsuIneenin AuaudR

LY

Y v aa 1 A 1 13 P J v @A a
LRNIZAIVDITIADUNITUIALYU 11] Weanuuluauiuu L‘Viﬁﬂl‘W‘W’TVILLWﬂG]’W\‘Iﬂ‘L!ﬂﬂ@F’]ﬂJﬁQJUWVl

v
v Aa

Juogiuaud anudgunTundsuiadumneg Ineslundyayiusiddunsise Tanvus

1Y

mgﬁﬁ 2.23

o

sUN 2.23 Slundausaadunsusa (Infrared, IR)

2.6.3 Slundaysy1 Zigbee

'
a (Y] o

Zigbee anunsnaiansevivadium ngldnfuingfaneandanum winzdmiunis

delayaniliuwin (Bandwidth) @1 Zigbee tugneaanuuuinlaeiinguseddlvldaudig

Y

UsenganasanuuazsnaIgnnInaIeYiedinuanady 9 1y Bluetooth n3e WIFI lagvialy

A a o

L7 Zigbee 9MNNUUUARLINYASITNEAMTUNAIMNTTN 2.4 Ansliad uagdnsinisas

]

| v 1 a 1

heteyaeei 250 AladiasioTuil 7l 2.4 Anzidsnd udffursemaldanuddudu 784 w
neldsnd, 868 wuneidsnd, 915 wnudsad 1udu n1sdatoyaves Zigbee Yuilsverlng
1NN 700 Wes quUnsal Zigbee 1 3 Ussinnusenaume

1. Full Function Device - Coordinator (Master)
punsafUszaniasdifiosnilsfvinduluuday Zighee Network fivtndilunisifiudoya
Renduindetieuazimundunisnisdsleyaiivanzandigaszinduunvoaaietne

2. Full Function Device — Router (Slave)

gunsalszianilazyuinimduluunnans wazeglu Active Mode ilevinisanelou uay

9

v |

darnutoyaszninegunsal
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3. Full Function Device - End Device (Slave)
punsniszuaniiagdl Function es wiiidedadedoasdisloudoyatulnuausdiviady
Coordinator 138 Router Unfiavatlu Sleep Mode wazlianunsadneloutoyaniugunsal
Julngmsale

Zigbee Network ¢3uUfA13NgUNTalfNNe 9 WagdadH1U RS-485 Uay RS-232 ANt
yhnsdedeyaninueiolny Zigbee itorthluuansnavuviiae vise vnsemuaugunsaling

9 91n3UN 2.19 wildnguuuunisdealsazadte fu WIFI w3e Bluetooth

1))« == »((¢

Zigbee

RS-485 / RS-232

5 i ) ) k]
ZT-2570 (Host) ZT-2571 (Slave) NS -y ¥
G Node ID: 0000 Node ID: 0001 et
Pan ID: 0001 Pan 1D; 0001 V v v v
RF Channel: OE RF Channel: OE . v

216 O

SUN 2.24  3ULUUMSYINUYeY Zighee

2.7 WeunsuaantuuasnAgauueus
TagunAuain1sdnrimuesuddosdinisesnuuuilunmdiasssia 2 16 uaz 3 47

nasntuaga U sTaviwaeimulagldlusunsudmdduniseuny

2.7.1 Solidworks

Solidworks 1 ugenduasifi olineenuwutldiduinag saflelunisesnuuunis
Anssu Wieadeiegnamdnsudidiasduneufiumesnoufinzaiwdndasiduwuusi g
fhepiuasardnaglunsza CAD (Computer Aided Design) Svansnsnadnatusiusiassly
3ULUU 3D Solid Models Buuvuauneniu LLazLmeuﬂizﬂaULﬁaﬁm’hicjﬂﬁmaaam
19 9 wasiduduuuulunisadianuass Jelusunsy Solidworks dnduSimulation Tae

#HeAdu Simulation Tulusunsu Solidworks wusuan ¢ 16 4 wiinfe
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1. Simulation ABnN153tATIEYIANLTINTIvRslaag 3 R (Strength Analysis) lng
1435 Finite Element Analysis (FEA) Tumsdnasmaraudauss Ssezillugades q Snvang
yiaudielfneulangaundomefifldvarnvanssuuuudaielud

Linear Static fomsiinresiamundemerestunudieldfunsnssin aunsogns

FULSY (Stress) MFUMUAANN 9 209U wazan150n%e (Displacement) 161 fsgui 2.25

JUN 2.25 N173LAT12RANLTINSS (Simulation)

Frequency ABNITILATIZNNIAIUAGTINYIAUAE Mode Shape anwazwIafiAnNIg
YDINITEU

Thermal ABNISALATIEANITANYNAIIUSDU @NU1TOTLATILILRN9N1TUIAINUSU

(K%

ANSWIAINSBUY ALNNSLHTIE

Drop Test AoN33AT1LHNTANNTTUNN IAgaINIanTMUAANEIVEDAIS MDY

(% [ ¥ Y
=] o

FUMUAANITNTTUNAAURY MVUALUANNTZENN UaSAIMUAATAIINRDIIVBINUTITUIIUINN

nszunnle
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TR $ewdetee [T
PeeEOSsMOn 2R LE V. 90y AT

TEA CUP all DROP TESTS

JU# 2.26  M3ATIZVNTTIATIEINSANNSEUNA Drop Test

Optimization AONISAIVUIATIRLIZAUVDITUIIUMBTUTUATY @IITOAINUARY
Py d' | s | A, ° dll | Yy  a
wUsAAeInITUABUYY UIResT Ui 1udu Avuaiauluiu desdl Safety Factor
i & A a I a a a iy of ° a v | !
110N 2 wsednsDanuliiiu 1 Jedwas [Judu wagmuualmuneNdesnisiau 113
Fuaundumdnuingaaewinls 1nglusunsuagiUaeuauinresd U umudnysninmue
laggnlugdh LasMTUNUNLUINGAAENTUNUAILY 9 dosinuRaulue
Linear Dynamic A9N15lATIZRNTAUAZLTION @13030NMUANTAUAZITIDULARAT
Y oo = . o all& | Y
WAIATIUIBINT Stress %30 Displacement MAATL (U 1181519 4 19
2. Motion Analysis Apn1Tatasigieauiiduszuunalndsinisiadoulmvestuany
lnganragingeulmiliainnislavamesnszuengu wseliugig a9 waansnlarenisdnass
NS9UY09LATEINNTIU 9 Ta0E9AIEY AT AANIIMSAREUN AMdwwsine SRy

lAENT15IATIENNIY Motion Analysis WuanusaAwIsiarlunsadounveiueguslauwag

% A 14 ¢l
gyaunsadonltuomesiuunza



29

S i | Floss Simulation

VEE - Ral azss~io Hal
105 e 36 P 50w pran i a0 o130 o140 o Jiai 07:10 70
i v i o (B R [EEREE SR EE NS N ¥ by (e i 1 i 1 i

= 2
-
-

hen Gy

3UN 2.27 shegramseaniuulag Solidworks

3. Flow Simulation fian1siasisinginssuvesvesiuanlvaruluea 3 46 Iagld
3% Finite Volume Tun1531A5189 A18@114158989 Flow Simulation @1115073 1AS189
woRnssuvesvadlvaly Ass iemansivaninuey aenigi 8nsinstia ANy va9
e a s aa e s \ 2 & v
FANTIATITUNUATM IUEY Tasagviuniviasuly (Dusy
4. Solidworks Plastic ABN1SALASILIIURANAERN iBNSIVFBUINUARTIDBNWUY
wansadlu@anataintaaimield mninadavudu Air Trap, Weld Line, Sink Mark,

Warp %184 agiindisunsle dstaelisivtymiiazifatazsmnnaudluneuniazndnasa

2.7.2 Wsun3u Sketch 984 Arduino %3alusunsy Arduino IDE

TumsBeulusunsumuaumsiausesuesa Arduino Board imnsztdulusunsud
THude @eusmeniw C wasilu Open Source sinlilgnulalaglifianldany lasunau
onge o lifuvasdeyalidnuduaiuinduluivuesavieivledludumesidngn
wnang uagludimvasuesa Arduino Board Lesiiu ifluueialilasneulnsaaesiduwese
Sunnnaziodnafiunnelunisiluldouess awnsodesuwumesldisuuy Digital uaz
Analog wazdsaliioTugunsaliordnalivinaulasiisasdoudeulusunsuiiedsauly
a3n Arduino Board aninsamuANgUnIaling 4 1wu Auaumadalianasalil Udnluih

= d' Y v DAY & A Y a v
Wi@Lﬂi@ﬁiﬂu’]m‘iﬂau \Wusu u@ﬂ'ﬂqﬂULW@ELWLﬂﬂﬂqﬁUiSQﬂGﬂfUﬂ']ULLUU loT Lﬁ']a']il’]iﬂﬂ')ﬂﬂll
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vosarundumesidalalassauasalasy Arduino Fthernet Shield Wduuasaundn Taeil

sULUURagUTl 2.28

g‘iJ‘Vi 2.28 1Usunsy Sketch ¥849 Arduino %158lUswknsu Arduino IDE

int led = 9;
int brightness = 0;
int fadesmount = 5;

## the setup routine runs once when you press reset
void setup() {
11! pin @ to be an output:
P le(led, "LFI'F’LIT)
}
// the loop routine runs over and over again faorever
d loop{} fo
/458t the brightness of pin 9
g«rno(lsd hrlghtnass)

nange the brightness for next time through.the loop:
brlghtness = hrlgh‘tness + fadeamount;
£/ reverse the 'diraction of the fadihg at-the ends of the fade:
f {brightness == 0 || brightness == 255) {
fadetmount = -fadesmount ; A
4 vatt for 36-milliseconds-to see~the dimming effect
-

2.8 TUsunsun1e C Ul Arduino

TAseas19lUsensuN1ET C Ul Arduino asfianuazuusienu C N121U Fafaed

1%

=) I v ‘é}
‘WL@’]‘LJﬂWiL“UEJUIUiLLﬂﬁJﬂTUWW\‘m

1. WSlnsiwawaslasniin (Pre-Processor Directives)

Tasunfudiiovynlusunsudead lnsdrullaziludiuiinoulnass (Compiler) aziinig

Uszananalazyinmumdsnosunazinisereulndlusunsy feazisudumeainsasunslasniin

(Directive) M3uAT09VMUNGELAYY # LAIIINUMILTIAIFINAINSTENL tneUunfnaldiu

favegludiuuugansediuhvadivsunsy uazdoseguanilsndunanta o Anu

#include Wupdnldo1edelndnieusn wWinSenldfaidu nsafuwlsniinisasna

wsaimualilulnaiy suuuunsldnude #include <welwg.h>

ADY1YU

#include <Wire.h>

#include <Time.h>
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fegsaztiuilainise1edalnd Wireh uazld Time h Jadulavidiiugunied

Y
=

T Arduino vhlanunsaldileiduieatunaiilaus Library) Time finnsadralslildany
16t Fansensdalaidarnanelu viensesdslidlavsinfogudalu Arduino vieilulausn
Fiindnly agldiedemune <> lumsaseudolndly wWisliusunsunelmassidilainas
lWmlidwadanluliameslovn’ wimnfesnssreddldiieglulnaimesinaand ados
19adoamune ™ aseuuny denexlmasdasidlumlngdlnesredannlidlsunsud

LHISRLER]
AI9Y19UU
#include "myFunction.h"
N899 1uUL Aedlwaasarddlunlng myFunction.h nrelulnainesinsianaiui
1 @ Y @ Y a
N lUNUNITLINTUTBRANAINDBNUN
#define 1umdsnldlunisunutamnuisinusly sedenuannivuald @015ty
Andall ToRrealuinsa1edsiumlUsunsuLaL
2. @uve9nsnuuaa (Global Declarations)

1 aill < 1 Y o a o & = & o dl' v & o
drutlaztdudgruntolunsinnuardasiwl shuuue ety MseUsenIARNTY Wa lAnengy
Msznieausaninun wsesenlulaannndiuvaslusunsy

AU
int pin = 13;
void blink(void) ;

3, #andu setup() wazitandu loop()
ey setup() wazilandu loop() Wuedeignusdulisesdlunnlusunsy Tnefeddu
o x5 a = Y A v o ' A a v o a |
setup() azluilsituusniignisenld dedldimuncn viosunuldnulausiisang q wu lu
Hardu setup() azlAda pinMode() 1iernualivle o Aanudundaviaduns wseedng
duilaridu loop() agtduflenduivinanundsainiteddy setup() lavinanuasaduliudl uwazd
(7 o & o o @ v & o I3 a
n1susoukuuliiau Weweddu loop) s1uATUAINAEIAT ety loop() AvzgniTen
Juunladn
AIDYIWYU
int pin = 13;
void setup() {
pinMode(pin, OUTPUT);
}

void loop() {
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digitalWrite(pin, HIGH);
delay(1000);
digitalWrite(pin, LOW);
delay(1000);

}
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Handson Technology

User Guide

BTS7960 High Current 43A H-Bridge Motor Driver

The BTS7960 is a fully integrated high current H bridge module for motor dnive applications. Interfacing to
a microcontroller is made casy by the integrated driver IC which features logic level inputs, diagnosis with
current sense, slew rate adjustment, dead time generation and protection against overtemperature,
overvoltage, undervoltage, overcurzent and short circuit. The BTS7960 provides a cost optimized solution
for protected high current PWM metor drives with very low board space consumption.

SKU: DEY-1012

Brief’ Data:
e Input Voltage: 6 ~ 27Vdc.
e  Dnver: Dual BTS7960 H Bridge Configuration.
e Peak current: 43-Amp.
e PWM capability of up to 25 kHz.
e Control Input Level: 3.3~5V.
e Control Mode: PWM or level
e Working Duty Cycle: 0 ~100%.
* Over-voltage Lock Out.
e Under-voltage Shut Down.
e Board Size (LxWxH): 50mm x 50mm x 43mm.
o Weight: ~66g.




Schematic Diagram:

Microcontroliar Vioitage Regulator Rewversa Polarity
Protaction

Hagh Current H-Brdge

Control lnput Pin Function:
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Control Input
Pins

Description

| Forward Level or PWM signal, Active High

2 LPWM Reverse Level or PWM signal, Active High

3 R_EN Forward Drive Enable Input, Active High/ Low Disable
4 L_EN Reverse Drive Enable Input, Active High/Low Disable
5 R_IS Forward Drive, Side current alarm output

6 LIS Reverse Drive, Side current alarm output

7 Vec +5V Power Supply microcontroller

8 Gnd Ground Power Supply microcontroller




ARDUINO

Overview

The Arduino Uno is a microcontrollér board based on the ATmega328 (datasheet). It has 14 digital
input/output pins {of which 6 can be used as PWM ocutputs), 6 analog inputs, a 16 MHz crystal
oscillator, a USB connection, a power jack, an ICSP header, and a reset button. It contains everything
needed to support tha microcontroller; simply connact it to a computer with a USE cable or power it
with a AC-1o-DC adapter or baltery to get started.

The Uno differs from ali preceding boards in that it does not use the FTDI USB-lo-serial driver chip.
Instead, it features the AtmegaBU2 programmed as a USB-to-serial converter.

"Uno™ means one in fallan and is named to mark the upcoming release of Arduino 1.0. The Uno and
version 1.0 will be the reference versions of Arduino, moving forward. The Uno is the latest in a series
of USB Arduino boards, and the refarence model for the Arduino platform; for a comparison with
previous versions, see the index of Arduino boards.

Summary
Microcontroliec ATmega328
Operating Voltage 5V
Input Voltage (recommended) 7-9v
Input Voltage (limits) 6-20V
Digital /O Pins 14 (of which 6 provide PWM output)
Analog Input Pins 6
DC Current per /O Pin 40 mA
DC Current for 3.3V Pin 50 mA
Flash Memory 32 KB (ATmega328) (0.5 KB used by bootloader)
SRAM 2 KB (ATmega32s)
EEPROM 1 KB (ATmega328)
Clock Speed 16 MHz




Ultrasonic HC-SR04 moduleTiming Diagram

Trig Pin H

10us Trigger Pulse

Pulses Hl““””””'
from module

Eight 40KHz Sound wave generated from HC-SR04

ECHO Pin

Time taken by pulse to leave and return back

Ultrasonic-HG-SROY \Gming diagram

For example, if the object is 20 cm away from the sensor, and the speed of the
sound is 340 m/s or 0.034 cm/us the sound wave will need to travel about 588
microseconds. But what you will get from the Echo pin will be double that
number because the sound wave needs to travel forward and bounce backward.
So in order to get the distance in cm we need to multiply the received travel time
value from the echo pin by 0.034 and divide it by 2.

SPEED OF SOUND:
v =340 m/s

\ \{((‘ v=0034 m/s
) oo
s us

20CM

Nickianses ralrnlafino
vistance caiculating



the pulseln) function will wait for the pin to go HIGH caused by the bounced
sound wawve and it will start timing, then it will wait for the pin to go LOW when
the sound wave will end which will stop the timing. At the end the function will
return the length of the pulse in microseconds. For getting the distance we will
multiply the duration by 0.034 and divide it by 2 as we explained this equation
previously. At the end we will print the value of the distance on the Serial
Maonitor.

Steps:
1. First do the wiring as shown in the picture

2. Open Arduino IDE Software and write down your code, or download the code
below and open it

3. Choose your own Arduino board (in this case Arduino Uno), by selecting Tools >
Board > Arduinoe/Geniuno Uno

4. Choose your COM Port {usually it appears only one existing port), Tools > Port >
COM.. (If there are more than one ports, try It one by one)

5. Upload your code by pressing Ctrl + U or Sketch > Upload

&. To display the measurement data you can use Serial Monitor by pressing Ctrl +
Shift + M {make sure that the baudrate speead is 9600
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< PREVIOUS . NEXT >

Results:

After uploading the code, display the data with Serial Monitor. Now try to give an
object in front of the sensor and see the measurement.
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TUs1n5UN15719UU89 Arduino
#include "BTS7960.h"
#include "Wire.n"
#include "12Cdev.h"
#include "MPU6050.h"
MPU6050 mpu; //Usznieswls mpu
intlé_t ax, ay, az;
intl6 t gx, gy, 9z
int relay1=3,;
int relay2=4,
int relay3=5;
int RPWM1 Output = 6;
int LPWM1 Output = 7;
int RPWM2_Qutput = 8;
int LPWMZ2_Output = 9;
int const SENSOR1 = 10;
int const SENSOR2 = 11;
int const SENSOR3 = 12;
int const SENSOR4 = 13;
boolean objectDetect = false; // Flag to show whether an object has been detected
void setup() {
Wire.begin();
Serial.printin("Initialize MPU");

mpu.initialize();



Serial.printin(mpu.testConnection() ? "Connected" : "Connection failed");
pinMode(RPWM1_Output, OUTPUT);
pinMode(LPWM1_Output, OUTPUT);
pinMode(RPWM2_Output, OUTPUT);
pinMode(LPWM2_Output, OUTPUT);
pinMode (SENSOR1, INPUT);
pinMode (SENSOR2, INPUT);
pinMode (SENSOR3, INPUT);
pinMode (SENSOR4, INPUT);
delay(2000);

Serial.begin(9600);

}

void loop()

{

mpu.getMotion6(&ax, &ay, &az, &gx, &gy, &sz); // LLUaﬂﬂ'WLLﬂﬂﬁL‘ﬁm@ 0-180 99A"
ax = map(ax, -18000, 18000, 0, 180);
ay = map(ay, -18000, 18000, 0, 180);
az = map(az, -18000, 18000, 0, 180);
gx = mapl(gx, -18000, 18000, 0, 180);
gy = map(gy, -18000, 18000, 0, 180);
¢z = mapl(gz, -18000, 18000, 0, 180);
if (ax > 90)
{

turnLeft(1);



Serial.print("Axyz \t");

Serial.print(ax); Serial.print("\t");

else

turnRight(1);
Serial.print("Axyz \t");
Serial.print(ax); Serial.print("\t");

delay(10);

if ( digitalRead( SENSOR1))
{
if (objectDetect == true)
{
objectDetect = false;

coast(1);

else

objectDetect = true;
forward(1);
}

delay(100);



if ( digitalRead( SENSOR2))
{
if (objectDetect == true)
{
objectDetect = false;

coast(1);

else

objectDetect = true;
forward(1);
}

delay(100);

if ( digitalRead( SENSOR3))
{
if (objectDetect == true)
{
objectDetect = false;

coast(1);



else

objectDetect = true;
forward(1);

}

delay(100);

if ( digitalRead( SENSOR4))
{
if (objectDetect == true)
{
objectDetect = false,

coast(1);

objectDetect = true;
forward(1);
}
delay(100);

}

void forward(int time)



{ motorAForward();
motorBForward();
delay(time);

}

void backward(int time)

motorABackward();
motorBBackward();
delay(time);

}

void turnLeft(int time)

motorAForward();

motorBBackward();

delay(time);
}

void turnRight(int time)

{
motorABackward();

motorBForward();

delay(time);



void coast(int time)

motorACoast();
motorBCoast();
delay(time);

}

void motorAForward()

analogWrite(LPWM1 Output, 255);
analogWrite(RPWM1_Output, 0);
}

void motorABackward()

analogWrite(LPWM1_Output, 0);
analogWrite(RPWM1 Output, 127);

}

void motorBForward()

analogWrite(LPWM2_Output, 255);
analogWrite(RPWM2_Output, 0);

}

void motorBBackward()

analogWrite(LPWM2_Output, 0);



analogWrite(RPWM2_Output, 127);

}

void motorACoast()

analogWrite(LPWM1_Output, 0);
analogWrite(RPWM1 Output, 0);
}

void motorBCoast()

analogWrite(LPWM2_Output, 0);

analogWrite(RPWM2_Output, 0);
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[1] Nawat ronnaronglit, Noppadol Manrrrat “ A CLEANING ROBOT FOR SOLAR PANEL”
ICEAST 2019 THE 5TH INTERNATIONAL CONFERENCE ON ENGINEERING, APPLIED
SCIENCES AND TECHNOLOGY Chanthavinh Resort & spa and Pullman Luang Prabang

hotel, Luang Prabang, Laos on July 2-5, 2019.
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The International Conference on Engineering, Applied
Sciences and Technology (ICEAST) was inaugurated in 2007 to
provide opportunities for enhancing collaboration and
exploring current interdisciplinary topics. This year is the 5
event and being held in Laos, a country with beautiful nature
and culture.
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A CLEANING ROBOT FOR SOLAR PANELS

Nawat Ronnaronglit
Faculty of Engineering,
King Mongkut’s Institute of Technology Lakrabang,
Bangkok ,Thailand 10520
Nawat.ronnarong(@gmail.com

Abstract = Many types of Solar Panel Cleaning Robots are used
in many countries, such as Solar Frames Connected Robot.
Developing the Solar Panel Cleaning Robots can be used to
work instead human especially it is not necessary to have a
supervisor for working control and reduce a risk of damage
Jfrom moving a robot. However, Solar Frames Connected Robot
still has defect which limited size of solar panel and not easy to
move. This research aims to design and develop the Solar Panel
Cleaning Robots by studying Solar Panel Cleaning Robots
movement which work suitable in Thailand, Wireless Joystick,
Sensor  Sonar  using Gear Motor and ARDUINO
microcontroller. The robot will clean a solar cell by using a
rotary brush with water spray to improve cleaning system.
Result of studying Solar Panel Cleaning Robots movement by
using Gear Motor can operate at a surface level of 0-3( degrees
Celsius and cleaning system by using rotary brush can be clean
80% of solar panel.
Keyword: Solar Panel, Solar Panel Cleaning Robot,
Robotd CLEANING ROBOT FOR SOLAR PANELS .

L. INTRODUCTION

Nowadays, greater sources of renewable energy are
available by replacing limited resources of oil and coal with
abundant natural resources. The most popular option would be
the sunlight energy that is obtained from the solar panel or solar
cells. Although the use of solar panel to reduce energy
consumption is simple and saves a lot of electricity, the main
problem is that the solar panel cannot fully absorb sunlight if it
is not cleaned regularly because of dust. Research has shown
that in Europe, the efficiency of solar cells is reduced by 3-6%
each year, and the same problem occurs in the Middle East
countries with a lot of dust. In Thailand, there is a problem with
dust and stains which will reduce the efficiency of solar cells by
35%. Normally, solar cell cleaning can be operated by humans
themselves, but there is a high risk due to solar cells in some
places are installed at high areas, and the cost of cleaning each
solar cell is very high. The researcher therefore sees the problem

of cleaning the solar cells and wanted to create a robot that could

978-1-7281-0067-8/19/§31.00 ©2019 IEEE

Noppadol Maneerat
Faculty of Engineering,
King Mongkut’s Institute of Technology Lakrabang,
Bangkok, Thailand 10520
Kmonoppad@yahoo.com

clean the solar cells to reduce human risk to work at the high
area. The robot can work at a height that is difficult to access
and can operate longer. It can walk on the solar panel by using
the gear-motor and cleaning by scrubbing using the brush with
water nozzle to increase cleaning efficiency. The solar cell
cleaning robot is a good alternative way in the solar cell
industry.

2. METHODOLOGICAL PROCEDURE

There are development of robots for use in various
missions, including military, terrain surveying, medicine, or
even increasing convenience in daily life. Cleaning robot is one
type of robot that has been developed in many ways such as a
floor cleaning robot, a glass cleaning robot, etc.

2.1 Cleaning robot R-SKUG605

Robot vacuum cleaner for house cleaning: IROBOT R-
SKU605 uses a 3-step cleaning system with a spinning side
brush and vacuuming to remove dust, hair and other dirt from
hard floors and carpet floor, with effective vacuuming route

navigation: The navigation system sensor helps detect and
prevent [IROBOT R-SKU605 from falling into different areas or

stairs

Fig. 1 Home cleaning robot IROBOT R-SKUGO[11]

2.2 SOLA BRUSH cleaning robot

Compared to the maintenance of solar panels manually, the
use of cleaning robot for cleaning solar panels will operated only
during the night to prevent losses that occur from the shadow of
robot that affect production of solar power, cleaning robot can

support the use in extremely hot environments, including saving



water because water is a valuable resource in arid regions such
as the desert, etc. The cleaning robot uses energy from 5 electric
motors, of which 2 electric motors act as horizontal drives along
the row level of the solar panels, while the other 2 electric
motors act as vertical drives (Up and down movement), and the
remaining motors act to rotate the components of the microfiber
to clean to maintain stability in the up and down movement of
the robot smoothly. Cleaning has an average potential in an area
of 54 square feet at the time of operation, equal to 30 seconds
and starting to work at the time of the sunset to avoid the shadow

of the robot that affects electricity generation.

\

Fig. 2 SOLABRUSH solar cell cleaning robot [11]

3. Design and development

In the design and development, the organizer will carry out
the planned work, and provide the most suitable equipment for
the work and design of the robot system with the following
details:

3.1 Robot cleaning solar cells with ultrasonic cells

Brush Sensor

Fig.3 Prototype a cleaning robot for solar cell panel.

Jtrasonic sensor

Battery lkpo

Relay12 v

Fig. 4 Robot design for cleaning solar cells with Ultrasonic

3.2 Ultrasonic control

For distance measuring sensors, choose the Ultrasonic
Sensor HC-SR04 because it can accurately measure 0-20 cm and
can work with Arduino board. Ultrasonic will work as
Automatic system which will work through the sensor to

measure distance and will consist of all 4 sensors together

ULTRASONICY

MICROCONTROLLER

(ARDUINO)

L=
ULTRASONICE }“—-

fr ——————
50
|
|
ULTRASONICE |7 —
DRIVE MOTOR
Vv |

MOTOR 12 v

Fig. 5 Robot design for cleaning solar cells with Ultrasonic



SOLARCELL

START

Fig. 6 The walking path of the robot.

Fig. 6 shows the walking path of the robot. The robot starts
by moving in the Y axis direction. When Sensor 1 reaches the
edge of the solar cell panel, the robot will stop and turn the
direction to the left 45 degrees, then back and turn the direction
to the right 45 degrees to return to the Y axis direction. After
that, it will move back until Sensor 2 catches up to the edge of
the solar cell panel, triggering the robot to stop and walk to the
front and process the loop until the Sensor 4 catches up to the

edge of the solar cell, thus robot will stop working.

4. RESULTS AND DISCUSSION

Experiments and testing of the efficiency limitations of
solar cells cleaning robots in different conditions
4.1. Testing the robot's movement speed in various tilt
angles on the solar panel

To find the speed and the ability to move at a plane angle of
up to 30 degrees, which will affect the ability of the robot.

Fig. 7 Test the robot's movement speed

4.2 Robot's towing ability at a 15 degree angle.
Testing the robot's movement speed at a 15 degree
inclination angle and towing ability to find speed and towing

capability that will affect the robot's performance.

Fig. 8 Robot at various tilt angles on solar cells

4.3 Test the ability of the Sonar sensor in various conditions

Testing the ability of the Sonar sensor in various conditions
by testing all 4 conditions, i.e., testing in the sunlight, testing in
the dark by sprinkling the powder in front of the sensor while
measuring the distance and spraying water while the Sensor was

operating by placing the Sensor at the distance of
10 cm.

I { S ™ " [
Fig. 9 Test the ability of the sensor with water

5.CONCLUSION

1. The result was that the robot had the highest speed when
the solar cell was horizontal or 0 degrees by the speed was at
0.70 m / s and the speed was reduced by the slope of the solar
cell, with the maximum slope that the robot can move was 20

degrees with the speed of 0.51 m/s.

9 e amce | Time (seconas Speed (m /s Distance (m

|
Al N«

Tablel. Results of the robot's movement speed at various
tilt angles on solar cells.
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