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ABSTRACT

This thesis presents the safety system in five wheels electric stand-up
wheelchair with ultrasonic sensor. The system is developed to avoid the accident
from falling or crashing and hardware is easy to install and cheap. Because the safety
system which avoids accident from falling is scarcely to founded. However, the safety
performance must be further improved because the accident from falling is often
severe and dangerous for user who has narrow sight. The 13 ultrasonic sensors which
are installed surround of the wheelchair will detect obstruction and hole. This thesis
proposes a new safety system in five wheels electric wheelchair that controls the
operation of joystick to avoid the severe accident from falling and crashing using

Arduino controller board and distance data from ultrasonic sensors.
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dygunseiliamiaian x@) lunndawan t=k7, e k Wuavdwiuiy uwag T, AeAu
Qs o ' z . <4 = YY) 1 .
N39nA20819 (sampling  period) lae £, = 1/7, AvAnudn1sindieene (sampling
L 5 s ; (] d ; v s s ) d
frequency) Aaudygraunlidatiomsnaifilaainnsdndieswansadouduaunisi
2.8 fiall

)

X[k] = Xp = x(t)|t=kT5 = x(kTs) (2.8)



t x(1) t .\‘[k]:.r,‘

/'N ” - ‘*-\ ](I
~

’ o X,
I\\ -r-;
g I
2 -l 1 2 3 4
s d‘ 1 A () A
(M) FYYIUNRBLUDIMIAIAN () ﬁmmwmﬁlummuaqmmm

d =l =i 1 s =.i' J EI' (39 IJ
U 2.4 nsiTguiieusevinedygrandedisaiaz lisaillomisian [13]

mwmamﬂmwaua X wiazagegnaiu 7, e 'lmamamauwauaumavmwm
X WHALTEN “yannla (Sample)" wazwauanane s meﬂamﬁamanumwﬂmmmﬂ
mmwa:‘ga (Data Sequence)” mwautmumamaﬂwm X}

23.2 dygrueuifenuadyyiunlnes

dygyrueundon (Analog Signal) ﬁaﬁmmwmﬁuauwﬁgm (Amplitude) Hnsiasuulas
aEhwial,ﬁaqwumanﬁ'@ﬁué’zyzywmamé‘amqnﬁ’mmm%’qﬁaLfJuﬁ’zgfy'}mﬁwiaLﬁaammm o
ﬁaﬁiwaaﬁ’mmﬂmamﬁaﬂﬁ]“L’fJuamfﬁnﬂaaﬁﬂuquﬁqﬁmam‘lusﬂﬁ 2.5 (n)

'lwmvwé'l’fgtmmmmaa (Digital  Signal) ﬁaazyfyﬂmwmmuwaﬂmmamwmammm
aeluwnidnie muuamfg'\mﬂwaamﬁmuwmafym'}mmmmummqnmwsalmamaamq
vannte mugﬂ‘w 25 (v-n) lnoludygraiineauuuiidedemisiaan munnly
syuvdeansidnea) awnsauuveenidiu 2 Ussanie dgyaauaasseaunIadygialuun’
(Binary Signal) wagdtyguiaumaneszau (Multi-level Signal) m:ugtlﬁ 26

/\/\J ! ¢
s ¢ l
] il = IE *— T,
s L - ey l:J ' d
(n) deysyraueunden (U)  AYYIEUATNDAUUUVIADLUBININIAN

(R) deysraidneawuulddaiiomiaian

o s 1 [ =3 s aa !
JUN 2.5 meevdyanueunaenwardynnnInoakuueg [13]
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T T
(n) deygaluun’ (v) dygyruvaneIzau

JUN 2.6 dnvauzvasdyanaluuiiuasdygmuvaneseau [13]

23.2.1 dyaraluun’

Fyaaluudeelssiudyg i M3ousundyn) egassseiu Tneviludya s
wuwv‘mewauamw “or LLauamgcywaﬂsumuwuw"lmmu%auat,am o o muam’iusﬂm
2.6 (n) uennilussuvdeansianea mauaLtma"mwaaﬁ’zymwmlumsuamﬁﬂﬂmm “Og
(bit)” thufedn 0 uazda 1 Inefidaudasinaiieranavinaiu TAwf e T Aeauvesda
(Bit Period) Kaiugnsndioya (Data Rate) aunsailomlilag

R=1/T (2.9)

Tae R fviheidulnsiodund (bps: bit per second)

?Taﬁwmﬁ'fyfmmlvuﬁﬁamminﬁﬁaualﬂﬂ'svu'aama’l,ﬁﬁm%a Lﬁaqmnﬁauaﬁﬁm
desdnIurAoAn 0 uazAn 1 Feaenndasfunisyineuvessyuunsuiames uenaninig
ganuUUIarNsa I NNIBdnnseiindina evhaufudyanaluuifamnsildiheuas
5190 aalsinudedeveanslédygialuus lodeufudyyiamaiesedu) ie
al.,mm'l,'zmmmmumne‘hmuLmu'ua:ua L anummmaamsmwauamaﬂuﬁ {n,v,9,., o}
SR 44 Fdnws LLammmaq'Lﬁumamauaﬂmummu 6 T ( 2° = 64) e?'m'smmumm
FaonwILsaze masm’lmﬁmﬂaaaLuaﬁ'luﬂmmmu«uaga’l,uqﬂﬂimmﬁﬂﬂaﬂ“lmwuasmi
Uszananadeyafazinauiy

23.2.2 e Iuanesesiu

aiymnmﬂmmsmmvmumuazymmaawawsmumaqma‘luwmmnﬂ fotYu
acyzmmwmmmu‘lmﬂw 2.6 (v) Tsvdudnygauvioun 4 sz Tnefidygiaudagseiuas
gﬂwuwmamta‘u {0, 1, 2, 3}
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L B

x(1)
EAYaYiVaYas
T T 0 T 2T

(n) dygraauissiiomianan

x[k]

(@) dygranilisoidomaaan

s

ﬂi Qs 1
JUN 2.7 anwzvesdyg I uluuniee [13]

%’aﬁ%aﬁ’mtywwa1asxﬁ’uﬁmhﬂﬂsawﬁmﬁaﬁlumsﬁmﬁuﬁaga \iu auudndgy gy
wanessuiimidululdiaun 4 an ﬁaﬁuﬁwﬁaammﬂwﬂ’agaﬁ'zé’ﬂws n v na,.8 59
Ve 44 Fdnws waneinaededldia 0, 1, 2 3}adiesdusiuiu 3 @ =64)
dmFuuwnuaiagnyIwaaz edslsinudedsassnslddygyiuvatuseduie 2993
invsedndiiauiudyaavanessivagiinmududouiiutu dufunsidendymyn
?ﬁ]maaLLUU'lmm“l%’muﬁﬁﬁTuagjﬁué’nwmwawm‘tJ‘s::qﬂﬁ (Application) dudgygaluund
feunldfivssuuantuiindeyavesensananlasilurnsidyaamansseduiomianldi
sruvtudindoyavesunudiuavuiudis (Judu

o

2.3.3 dyqyrumusasdygyraddduaiu
s ” X . L= ar dd 1 %’ o [ :l' o
dyy1uAIY (Periodic Signal) ABAYIANLFUTNTNINULBNAY TIIAMANUA
=l 1 nllJl = s ar ny.! s A:i 1 d‘
lnganasendaaaaniiin “a1u (Period)” woadayny e MIUUE LYY TIUATUNABLUDINALIAN
" 4 c Z 4w a1 < =
(Period Continous-time Signal) ABdyR IMNNRBLLBIMIWIEAT X() NawsanIaIuEl T 9
' oo g w
\Huaruanfviale
X(t) = x(t + mT) (2.10)

o ' - =1 o & = s ' ar a =
dwsunnen ¢ e m Wulardnnudu JUN 2.7 (n) uansisgnvesdygraniuineies
d‘ ddy < 4 s al | 1} U )
nanadluniaunsainsanlaindgyyin x@  Dudygranflanuwindu mT v
' < 1 R =] o o [ 2 [ a = '
agulsfinuen T Mieeiigafidemairlfaunisifuadsasisoniy AUYagIu (Fundamental
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. , = FY) o W & o & oo v | )
Period)” Fafiguwnumiedyanenl 7, (MuRawie m=1 wlain 7, =T) wasdrunduves
| < a1 a «
ATULIAT T, Ai58A0 “Anunyagiu (Fundamental Frequency)” f; fmedussed (Hz:
<t <
Hertz) smlsannaunisi 2.11

Fo: 1/7-0 (211)

'
=

d’J A [} d s [-3
uanntidygaunlideiliominal xkl Aaansaludygruniunar N iduavdiuau
4 o v =
N launs 2.12 Wuass
x[k] =x[k + N] (2.12)

s I 4 d! d -4 1 st -l 1 s d
dmiunna k augui 2.7 (v) Saluniagleindeyana xik] Saruwindu N, 2N, 3N,... e
° - YY) & | oo g w 1 a oA

N = 3 Twiweadigaiuduatuyagiu N, dern N wuaawaﬂwﬂmuﬂﬁmmsauuﬂa Ny =3

aryzymmuuﬂmauumwﬁﬂﬂmﬂa azyzmzum‘ummwuqmua“uﬂmanwmvmamm
ammwmmumwm mauumymwmmumawmmumm‘mmm’lmLﬂ'i'\ sidoyasiieg 14
ATUAIY LmumsaLﬂiwuwayamﬂﬁfymmmumwm dwmudynradug Alldddyae
Auaisendndgyaabiiiuau (Aperiodic %38 Non-periodic Signal)

2.3.4 sTuuWaduegIatu

dleduunszuvresiaduagiadundinsi 2 sruunine Aeszuuiadeundenuagiady
wazsvuuWadadIneaegiati [14] wwuusnldnnsuenvddygraeudentiiludiian
‘%wlummmﬁwhﬁ’ua&haaﬁ'}Lauaué";ﬁwﬂﬁeiqlwmEJ‘1 suuuulnedensdnudyyu
sudeniinlinaudussuu PAM (Pulse Amplitude Modulation), PWM (Pulse Width
Modulation), PPM (Pulse Phase Modulation) wag PFM (Pulse Frequency Modulation)
daunuuiiassiveslimuvuianinfinaiwazueundgalnerunisuaunisaeulags
(Quantizing) wagn1sidaa (Coding) Fwvznanlfazidenlunaunds ssuuiuvseenidy 2
WuufAe PNM (Pulse Number Modulation) uaz PCM (Pulse Code Modulation) Waduagia
Fuszuusineg findnundraduneaguldifufuandugud 2.8 wazuansmsiisuidio
anwauelilugy 2.9

PAM (Pulse Amplitude Modulation)

Allalog puise PWAM (Pulse Width Modulation)

modulation .
Pulse — PPM (Pulse Phase Modulation)
. T PFM (Pulse Frequency Modulation)
modulation
systems
Digital pulse

PNM (Pulse Number Modulation)

modulation . . )
R — |_ PCM (Pulse Code Modulation)

4:‘ 1 s Qs
;a'ijw 2.8 Ltamm'sLLmﬁsuwaﬁswwae‘maQLaw [14]
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Tuszuuuuvewnden Usinaiidueundenathatu PAM way PWM 1y leshugndsonn
lﬂﬂamusu muuaﬂﬂﬂuaﬂwmazymm’lm ﬂau‘lumm'mLLaﬂatgzumﬂuaaﬂmlﬂama
uindn Feszuusneg wishililussdunnninvesuuAineanaduegadu usedslsfnussuy
PFM Wunsuagranuuuauiidyananiudaiuasiivesdiesnitves PAM, PWM uay PPM
Sagmhlltlussuunsdsdygranmlvlumialowt

drimsuidan

Augia
dygiudn

b
-~

i
1
I
I
1
|
l
-
PAM
1
1

i e wo
it
~1

FESOREEL’ ST ——
5o .
o ;
(=]

———— e e -
[
L=

7.0 1.6
i ]
I | 1
1 1 ]
1 1 t
c ol [
& | pwm 7.0] | 7.6 )5 601 | | o
% ‘ i]18
= I | H
E S S S N
= ! : ' i i i
i I 0 i 76 i | :
E | 7. a i
= PPM i ! _‘ | 6.04] 3.9
@ I || DO | N '
v L ' e W27 01 1.8 !
A A
! : 1 : i I
! | 1 I ! ] ) . v ]
l SEUEVMINUDINAG !
N TARRTTITT N ey
i . e — ikl T ol CERERCUERE TR TR
) S T '
g | | ! ! :
‘g m 1 |
IR 1] a
2| — 1l fi I LTI
e V78 i3 2 16 4
© | 1 i l N | .
ga | 1 : : I |
\'r:é . : 1 | 1 :
)g PCM ! : : E I
" 1 Ll Ll L1l
01]1:000001100! 01]00]0

— n

JUN 2.9 Waduegiaduseuunigg [14]
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2.3.4.1 Wadinsuagiaty
pugUi 2.10 (n) wag 2.10 (1) Jundnnisvewegiatunasivegatuiuy PWM
e wiynvesneuumisinesandu “High” Wledyaneundeniiueuwigngeninvasdnme
pduwuUudes (Sawtooth) wintiu wazwuiadesiinunadsundasifuuesmagn
VDI YR UL

EELICIUGE) GELIEICER)
dygaeudan '
=== ADNUNLSLADS e 1~wslnﬁa~:mwﬁ -
l LA Anaguatu
. GRTATYY
AauWuLdBe
(n) 1A59E3199099995
&
AduNuAaY —
A
dwaruawdsn
1
|
AL
! o7
v /:
vl
I | 1
R i §:
PWM (amiun l l “ ‘H I” l ' l

() NFBUIUNTUDGLEN

JUN 2.10 ndnnsves PWM wegiatuuasiiuegiadu [14]
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2.4 wénmsiadasdy

n35¥n (Measurement)  Aoiduitugiuiidrdgyeransnatsuaus famedau
ImINTsuAmaniLasInemans Imaavﬂsamauﬁamimn%’ N133UAT N3AIUANTINLURS
ms'smswvwauaﬂﬁmmmmu:u'i mmnmvmamm'm:mwauwuamauummumana
mu%uaanuﬂmwmm pg1avavanenm 1all Banaviediudseneg wesdieindning
unumddgannlumsiaiienisiseminemaniuagnssuaunmanisgramngsy aaonay
szuumuan lutigliuededietnlunszuaumsuaznismunudeyaduuduiidunanein
nsiasugeanegedeiiios Snisdiinnugniesusiugrgeduiifonnainnis
wigfmihedudidnnselind Wand Sagmans Inemansuausdug wasnisuszgnd
vounsedfleiauarssuumsiniflegunneduiudailfaunsoutlatigmsuinnmsin
Timaneusens daduilaiiddylidesdunumedinnstu Inemaniuazmelulad
uFLINA LYot fuaymsmans wazonuing Thilsanugaamngsu [15]

myinaunseSuedasingnisainsssumaldludainadadundnnisiugiud
ddiggmainenmans aosa wwadu (Lord Kelvin) Wnanliin “ilelafmuiiauanunsnias
1§ wazAezlsAmuiinuanunsnuenuaredueidusaiagld uuﬂaﬂmmauwﬂﬂﬁwu Wl
ielafnuiinailiannsained visliannsassuissiududaiaols Asfinnfunasifud
sovfuazdilivmele fwdnliugasusuresmind wimmwiifissiesiaiazniuiule
ﬁ'miﬁryﬁavﬁ'ﬂudmmﬁwawﬁwmﬁwmmam%” nsaresngresnsldautuayld
wauamﬂsmmmaawlﬂmmﬂmwmaaﬂumifmuaumsmmmmauumma'] Tigneias
umum uwmamnmwvwﬂwmmmwaaammmsﬂfmﬂummwadmamqnumfiwm
\Wefovouniesiietn atrelsfiniu ‘lﬂum'ﬂmﬂsammmnuaawn'nnrm'i.ui'mqu
gnAMNTIURIUAT A.A. 1930 IREIfuNUBIEMseTing MAndusvandvienadesetretaniu
MeauannsavenaiasiioTansnifuiugindetiodmivnsinetedaiies uay
TuiinArsudsmei@ndsingg eihliadesdetafisiuauarudesnisldnumndu s
wﬁamﬂﬁuﬁ'ﬁummamqmﬂﬁﬂuamqwﬁﬁuﬁmnﬂmiﬁuwu'lmi'] NRNENINKALIZNIT
mamuammmuaq naansvesnaniou 80 Uikuunldfinsfauiuazufulsanaia
mqn'mmuamqmnma Welinsafumnudeanisvesinineneans Jeans nasnautig
weilniign

2.4.1 AYMAMUIBYBINTTIN (Measurement of Meaning)
s =t 1 - I L7 1 1 Q IJ

ANTIANNIENINISIUTBULREUSENINNUSUIUAIY9IAILUTARIAAD ANTBIRILUSH
2 1 v - s fql ¥
ABINITNIIU (Measure  Value) wazA1919849 (Reference  Value) Hadwsnlaannnig

=l = & 1 oa voa - 1Y) a v as & P

wWiguisuRprwIIsweRinaimulsideimmsu duansudenlassunsulugui 2.11
anwzreIMTInaunsauuANNIngUITaNAls 2 dnvugeail
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mnezie
(Measure Value)

anlsouioy N WOdWS
(Result Value)

" - {Comparator)
191384 M. | g

(Reference Value)

ey

UM 2.11 vdenleezunsuveansin [15]

1. msi’mﬁ'ai wnefensiauTunuesiuslag laeldlfiuadwsiilaen
mMsfauvinsaaugunssuIumswIeUstnana uitailadosnsfiaznstuanSuiinnievh
adid fatuariildarnnsialudnuneiisifesnisauanien ANUYNABIVTOUIUELN
N

2. myiadfiemuny msfaludnvuziszaseunquluisnsindiedie dufe
uenandeIMINTIUUTIIMAdldnnTiaud Sndufotiewadniiildainniste
wanlUlunszuunsiaeity nsmIUANUTIUaIRuUTAnaY Tussuulvined vienns
Uuuslsszsivvesiinaildganmsinlimnyautugunsaiiidesalussuuitelinisieu
veuszuuilusEAnammunniign inszariuaildanmsialudnvaziifetedianuansen
g¢ Trrugnfesiiuduasiimmunidefiomnnideiieuiuiaiies

2.4.2 FJUwUUNIN

uenninguszasrveamsinsiildnaniuuds Ssamnsauisguuuvreanisineentd
W 2 guuwu fe

1. M33IaN9M34 (Direct Comparison)
wingfansiauiinasuuslag Tneamiildainnsintufonadnifideanis

vidoidudfiaunsailldidashisniudeninminsiuaiouiiouieulammiaesn
WU NIRTEEENNRIERdULNT n13TRgamgidieyseon nsldtulansiaseiuves
thifuededusasudvionsimmindaeriosdauie sy

2. MyIanegay (Indirect Comparison)

drulngnisfanisdeusziivadestunistalunieimnssunionis
Inenmans faavdonadnsiildanmstaiussdonhufmunanasimswammineitely
wngaufunsUsuumsia wiednuinune wiliie n1sinviuamulsussannilag
mﬁ'amwé’nm‘sﬁug'mmﬂﬁqLLUiﬁﬂUisLﬂwﬁa gnfogaunsingumniilaen1sina
mufuiilasuulas matadnsnisivalaglévdnnisesianuduunndas msiasedu
shenstahmindudu 9nfersiindrueraneaguldinnistamedentusuiusoad
snanafuiifussrineUinaidensiafumitldannsia fnarsiesilifuysieass
FvAsuwaSInaetdusfuielinadwsldTiemgnieuanivsnsanniian
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243 puaulAiugiuvesniasfiofn (Basic Characteristics of Measuring
Device)
wefleTafllidmiusuamionsiadrfusrine dwulunssurunmsmisgramnssy
wislumsAuaimineimansidu mnueien ausu gamvgll snsanslva sedu
2B¥N1e ALSY nstadeulun Audtumulni ussiulwih nszualniuasiidslni
ma% szdesdimunindetie (Reliability) uasiimuuwaiugh (Accuracy) Tunsmsratanng ms
LﬂﬁauuﬂaaﬁLﬁmﬁwaaﬁ’awsﬁﬁmmﬁﬂLﬁai’mqﬂssaaé‘lumsmmuﬂwmumﬁ Uy
ansaaiudygrafouiiesesiuiuasuseiie (Manual) wisuuunszduligunsal
muauinlaednlul® sasasuielinmsufoRnudulveiivssaniamesdosileds
AnsaimeiuRugIuine Snmaiiusastessdimmdiiudifetedansiumsia

2.4.4 ArilgnilFlunisianisgaanvnssy
ﬁ']ﬁamﬁ't%‘lum's"i’mwnqmmvmsswmaﬁqﬁﬂﬁ’wﬁﬁ’[i’a‘ﬁmﬂﬁ'}ﬁﬁwaa{amﬁﬂﬁw’iﬁ
#eq MiAntuiesanlassadvenndasdiotn Whud
2.4.4.1 #1uda (Range)
grutavsefidunisin vunedelinmnuanunse wiedasidafiedesiioaannsansiaia

e~ DL N S | 1 4 [ [ LY |
visetuiinAla Tnsuvseanduassszau fe
1 °| 1 ar =] 1 é AJ :4 s v @
1. AwgaueEuin (Lower Range Value; LRV) fiapnsngaiinsadiioinsitue

'
1 o

s ! s ! ar 1 1 < ar ) =
sanunsaUivasngusednld sndregatu TueselieTanaluiwieg U asfidsingn

-
o

vestindugud uidwiuniesdiofamsgramnssuuiaisdiotamnuduetatinsige
vosgmindusuiiennaiila Siuegiueuiavesnruiuililussuy Sauduiidents
nsdlussuuiuiiingunng Adaevestniafiornesisuduiielen Alenlaildgud
2. fgegavesgiuin (Upper Range Value; URV) Aarguaniiiainsilaintug
ausaviuiuluguvietuiindld dsluindesiioTaivileq oneiidngean (URV) agvany
sTUUMNE (Multi - Range) ¥89n153AA LA
2.4.4.2 guUu (Span)
A1 “autu”  anefswasiieseninedgeaavesiiuia (URV) fudisngaussgiuin
(LRV) Fslunsdifiiinswdsuutasauiurenniosiioln druimazdonudsuamuilufe
wilunsdingrunisiaasuuvastussduiivinfundeaumnsiuiaiistuiazanas us

P a o ' o o o = ' o W
UBNWILBINNTAAINELEIYI AL uasuuUasm g uTnde
Span = URV - LRV (2.13)

2.4.4.3 auuiug (Accuracy)

Tunsasrataausunalag deineg Asvnasenisinduegrsunnie ausain
\nAeunwade (Static Error) AuAaInLAG ountana (Dynamic  Error) mMadeu (Drift)
ANUEINIAlUMIEEVon (Reproducibility) uasaaulidudadu (Non-Linearity) Ay
wiudhremnisiauazaiugniedlunissiueiu asfimnuieadestulasnss anugnias

139429
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Lm"usfﬂuﬁﬁwmEJﬁqﬁqﬁa’wuiéfasﬁ'mﬁmm’lné’tﬁmﬁ’uﬁ’uﬂ"immgmﬁaam%’ulﬁw‘%amﬁa
wiluprndusdwdimnugnisausiugegvanysaidulifianududvlunsinuiinumis
Waind mselunng msvaassugndeaiudwesmsiassiiinnvietiostusgfudedniu
fuidlsanvnmsaaaadounelusiaes (ntrinsic Error) desriafliinainmswdeuuadii
\ntuegiansumeyiinsda amaulsiafosmalni Electrical  Zero)  wazdesifnain
Aawandon Fedadinsneg Andnnaniiduududinansemulnenssiaranuranandoud
\Antusuiilonnannsta

uenaniimiuuiugrasiuegiunisdeuiiivy (Calibration) meldanmnisieud
ndsmnzan Ingovezimuamanuwiudldannsiaiialdeglusaunvieavees
1nawviaiesidudiidents Fsgunsaluasiadesiionen asgnuususzianaiuany
népasiugwesgUnTaiiung

AL wesszuuitanysaifuiinuduivsfuaugndesusiudiamefves
gunsallsuleasiuUguaii  (Primary  Sensing  Element) gunsnlleueeiuyAngd
(Secondary Sensing Element) uwazgunsaillénu gunsalusiasviinasiinnugndaauiug
luveuirnvesiies 61 +ay, +a, Uar +a; Wumhemuududwesgunsaiusazsiialuszuy
way A Wumarnuwiudlaesauds Avsusmiuwiugvigaannsadeuldin A = £ (@,
+ a, + ;) WarsInTlaoswasruutuaunsadeuldeaunsi 2.14 41

e D eD

A= /(a?+ a?+ a?) (2.14)

L a wa = ' o ar (3 &£ P [~ W wva
wilunsujiRsinfiassvesauwsivinazgniinuntuen esarndululildn
a d aa 44 o 1 1 s
guasaiyndluszuvIziamuemanaauEifiuIniige o fumiezgisnaiety
ﬂI} v 1 ] o d 1 Qs A
laglluda Amuuiudragegluguresauaaiaeiou (Error) lumiisrsanisini

Anuefiduivesauluviaiesifudiunstunisingegn (URV) fisaunnsi 2.15
! o ' a " s 2,
ANIUWINEY = [(A1R39 - AMTALA) x 100 %] / Span (2.15)

= W
24.4.4 AaUNe9nse (Precision)
wa o = Y] | e @ P o )
AMauURdNUsENINsTinaznafisveInisinfenuisansswauniecdiedn
d d nl:l ] - a =
TurgmugwmsItuaIuIsauUInIsiasueenladuasininuming AavneLsnAe
v s U 4 v s ) s ﬂl’ U H [} 1 dl
anuldiAgaiurasafildannnsTavinadeaiu lnenidildesdesegludisminioves
Y] = ! " v a 'Y & A 2 1 a
ATIAYaNUe Favungalnuinasesdoiniinnuaaduni velauaiuisodiadu
s & o v a o] ) v v v al
(Repeatability) Tuie iaTesilaTaniianuiigansegaadnsilaainnisinaziinisnszany
v | d a4 o da - 0w P
UapninATesleTATNAINTIEINSIEn AIgUR 2.12
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/_ Target Plate

A
4

Bull's Eye
a I i o o ! o = o ! P> °
(M) AIMUVEINTIGIUAAMWUNUEIFT (V) AIULNIUEILNITNTZLTAUAANEINTIHN

(M ANULUUGINDNNG (1) AmUaiUEg
gailmnune s uReiuy wardmEImsIgaseLguliy

a =l al ') | ' ) =
gﬂ‘n 2.12 MSUSEUNEUANBALAULANANTENINAIINLNUEaEAUEIRSS [15]

ANgUT 2.12 uandlidiuinedesdienlidmiunsaiatulimuindedoioda dlu
AuINETiaeweIi1in “Ilsanse” AemuaviBuavesnisadessmneiuaiesiletai
flaina (Scale) fiaziduaung vlWanunsosueiildannisinegeasiden Tneazannse
whilddauazainaveuniesletniifiuuuveunden duiniesiietaiiiuwuuiineaied
Yanadeavateq suiadusiu

2.4.4.5 AuARIALARDY (Errors)

ANNARIAAFIUINERY AAmLANA1SsERINUS AT S e AU sTideents
JafuAniislfainieiedion die1vazegludnuurresiinudian viawesiduden
imailsngunsaimsaiieeinedatuidlugaunivielummgufifuaiednadls
Msiniauduiusiu dmiumsesnuuunsuaiiwesazgnaisnnianiisinay
wngauuagbinemaiudeensinannsidnusuaiugesezegluguassaunisms
adlamans N3 wion1s1s nefiendnalunsgauaiarlifimsmilsisanmndeuuas
anmymsvhaueaiesiiotue

luneuiatauiinedwavemsiuadeesazldsunansenuanauldiduluai
gaunhvesgunsailunsdiiitaldtinsideauuaindrnis udnnuuandtmieivade
sewidnitinldfiuiaiwesmsinasegluguanuraaindouvesgunasl AnunaineEowil
szuanslugliesidusivaaendnafivaina (Full Scale Output % F.S.) SmsndIuvesady
AanLndeutuALe WAL aNaEFaNT1 Ausiug1vesgUnsal

mNuAAIRLAABUTINANINIUILAnIINAEATAL AR uANzi AR A A luns
UjtRnueeduiuesdemsmuneandeasaanmiuranadouemsuaiuge finani a9
annsaduunmunanndeusenidiiudeq neseasbeaiifsfurisveswanndoud
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1 e 1 -: o v v 3 a L =4 1 o ar
wndnideluliansmhluldielilddeyangndswasiinuuiudrveamsinlagsu
g9t
E o - Y o
L eueaisndeuludies miuaaaedeuduysal uazAIuAaInAADY
o = e g : - = < 4 a o '
\NUBY (Intrinsic, Absolute and Relative Error) muaaaLAisuinuilienieslioiney
v Y a 40 a ' i [ 3 [
mulaannzendamimuaionit mnueaiamdeuduysed (Absolute  Error)  1Tumns
=) ' i ' 1 o oar ' 4=|| a o W &
LﬂiﬂuLﬁaummmucﬂfm'N'i.M'JNﬂ'manumwmulﬁu.a.,ﬂ'muﬂa'mLﬂaauauwuw?amm

ﬂmmﬂaaummmm (Relative Error) ﬂaamqmuiumﬁqmmmﬂmmﬂaauauusmnum
349 mmmsammmauwu*ﬁmLaummmwmmmﬂaaummLuaa (K) ldannaums

Ka— Kp

K= X,

(2.16)
< A a o doywy A ¢
Wwe K, ﬂaml,aaaﬂaaﬂmmumm"lmmuaqﬂquaﬂmwizmm 80% w84 F.S.
= J A ar AU d i.) !
K, ApAnadevesnuduinialaiignsinil 10% o4 F.S.

2, ﬂ’lﬂuﬂfﬂﬂLﬂ?ﬁlaumﬂﬂ’J’]:JthLLu'uEJ‘ULLagﬂ’)’]llﬂﬁ’lmﬂg’auﬁﬂﬂﬂ’]‘ifiu
(Uncertainty and Random  Error) nMsmiannumataadsuiiiinainanuliwiueunay
ﬂmﬂm%‘aumnmidmm'i'lviﬁﬁvimﬁaﬁwmﬁmﬂg’m ANANINANALINY Wiazlaaiunse
mwwmﬂuav‘nﬂmwmmmﬂmmLﬂaauuu,avlummsmﬂmmlﬂ ANVAVBIAIY
ﬂawmﬂaauumwuulwmaﬁwa muLLﬁaLaaﬂmu (Friction) Bane3da (Hysteresis) w89
aU3e dgyaausuniu (Noise) wardue udu Jadesineg wﬂemmﬁmmimﬁmfulﬁwnq
m‘sn}aEJumJaqu:uuluLLuuawuaqasyfgmauwmsmmazyzmmwmuu.avn’maau AIIUARIA
maauumauawmﬂﬂmm'mm's'mswvwmamamawmm (Dynamlc ) lushdnszsudeuls
Yadfyeyau (Signal Conditioner) uanmﬂummammLﬂaaumﬂmmluuuuaumwmam
madsavudnade uazleniafivziinninuaainedsunienudesuuniadi fn
mAaIAAABuTannsamlFIInnsdnaviathAn gL LaUR e T3

3. mnueandsudesuuazeiedleta (Systematic and Instrumental
Error) mmﬂmmmﬁaumnsswuasm‘%‘mﬁai’mﬂumnmmﬂLﬂﬁauﬁtﬁmmﬂﬂmauﬂ’ﬁﬂm
Taginhanlfiieyssneutugunsainstn viainnnseuuieslaenseill

(A) AuAAIALAABULTIsEUY (Systemmatic Error) Wumnuaammdoudisl
Fasilneiinanmaidourasnial (Sensitivity Drift) wavesgue (Zero Effect) wagay
Lidudadubuiuusngmaniidbiaunsadunaiuldlneass usausamildeismeada
Taens¥adhy Aiug waneq ﬂ%y’amﬂ‘lﬁam'wﬁﬂqﬁ’uw‘%aﬁwqﬂﬂsnﬁmqﬁ’u WAAINAAIA
witouwatannsaudlvlinualUldfeismsfigndosuasnga

() mueamAdeuIInAIosdiata (nstrumental Error) Wudwansdennu
gndissainnsenuAvaaIesiiotn Anuranadouriaiiifudiuniisvesniiunain
Lﬂé'auﬁLﬁm'fu‘lﬂas';mmmﬁﬂiﬂmawwmmgnﬁmLLnJu&'J"mmmﬁﬂ FaAnannsidend
fumeluianiidudiuuszneuveaeiesiesswiniivhnmsin vieemsfnanmstauazma



l

fvesaUFineluiniedietn feinfunurainedouteanissiofalnense arueain
Lﬂﬁauﬂssmwﬁ’mmim,l,f'ﬂmlﬁﬁaamsﬂvga%’ﬂmLLas'L"z’fm?aaﬁa"’;’ma&iwgﬂ?ﬁ'ﬂ'smﬂmmmﬁau
Beszuvasinileusuanunanandsusiniadesiietnludesvesnmandd Aoiluainy
AanLAReuvesgUAsIfifiamaua N Tl suwUasmmduidaduresnisaeuiioy
(Calibration Linearity) msideu (Zero Drift) wazaamla (Sensitivity) naent29v890157R
Wusiy

4. mmﬂmﬂmé‘laumﬂmiaaﬂLm‘snﬂmé’mfywm (Interference Error) N9
A5 inUSnaisiidavesdygmmedunnsedusiig dudianandululdegrannitay
Lﬁmmmﬂmmﬂﬁauﬁué’mﬁaqmmnﬁ'zysmmumu (Noise) ﬂﬁu'zumuwiaé’fgzgwsuﬁuwmﬁﬁ
siusdslidesnisliAntuiuldun azyfmmsumumiﬂivmau (Ripple) MIainddvae
(Switching Transient) wardygnsumuthvneiifaanaedaussiulii (Line Transnent)
aqmmuammu,mLﬂummwammaﬂmma'mmaaumﬂﬁmnﬂausumu Fryqnausunud
inengunsellnih aunwimén undsdniamiuieu rdusunluduusseinme Ysene
Manmihdudavesadnduasdiad dygrasunuaninihadinuasdygiusuniuluae
wula msanvSeuslvrmnuaaandeuimaiiaansavldlaeiuauiu (Shielding) fanesh
ﬁm‘%au,amJismwummmﬁﬁ%ifa1sﬁuamuaw‘t%’uﬁhlﬁlumﬁiﬁﬁﬂﬁmsmtu"a“umumnmq
Ihuagauuuivanysalnihatn

5 ﬂ'mlﬂa161Lﬂ%‘aumﬂmﬁﬁmﬁ.ﬁaﬁamwmmmﬂﬁaumnmﬂ%mu (Installation
Error or Application Error) Annamaandeusiaiininanmsienaissdie faluldnusg
‘La.innﬁmmmvamm“mﬁamiﬁﬂmxaaﬂnsaﬁiw%am%‘aqﬁaﬁmé’ﬂwm gUszin wunsldiaiesile
fugamgiivemsduaziiiouiigaiundimiiimun mmuaamnaﬂnmuauLﬂsaamwﬂ
Uivmwuumaa‘lmwma‘lmmsaanu.uuuavmuu~uwawiwwmamawvmminwmu‘m
athaAuUsEaANS AW

6. PNAAIAIARBLIINMSTNUYTBRAIAARLARLlABE A (Operation Error
or Human Error) mrweanaiedeudnuaiziiiiunueainndouiiinaingliededionse
gunsallaense dedednduduniwesnruramndeuiitnifieiuauelnsianzetedenn
nsufuRnumeiunugn sndredradunsusuldamseanailivngas lifinasgiu
TumslfmurienseumAanuinsialigndes mnuerarawdeuainmsswauuumaon
(Parallax Error) aaenauiinseusunazdszaumsalannisldsugunsaiveinediotades
WAuly

7. maideu (Zero Diift) msdeuidumunainindouitanunsadanaldan
winnveiasiietnrusanduduresmsialag mnefimswdsuuaswesitinlaly
traamiliurasiianizvesdgamdunnlifinswdeuadly Tnefiaumgnainnis
watuwasrwessiUszneuingg Wuanmenievieetgnsidnuvesgunsal Wusy

8. ruAaARAsuSuiawanawla (Error Due to Sensitivity Change) Tu
vuefinuemandeuanmsideuluanAduduriernmstedniuaina Tasunfudaie
Idunsguuuvanysel (Completely Random) fiifaanng ﬂ'rsﬁﬂﬁLﬁmmmqna’imﬁgmﬂu
dsilanansarildsnuindauiineslddygraaeuiisuiitevnisnsisaeunisiiauees
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dl I s 1 u 1 f—" ﬁJ v 1 @ =.i' = g
wnseslladalusgnitamsinfinn Amusaineiouiiiuldegdninunignasifiniuvme
a o v | ' ' | <
FUAUNTYINULAEITARAVAITINHIUYINTBINTTFULATEY (Warm  Up) anuAaninfeu

1 A’A ell’ a 1 s al £ 4 v ] v
wiariinnduainnsiasunvasarvesussnulnirndeulst wraunsavilianaslidlaenis
v a v ar as : v - =t
oLgEAgAMNILasMITWTERUTRILITIRUlN (Voltage Regulation) TiAsfl saufians
dnszaueulvvesdygn 1y Balance Differential  Amplifier w3egUnsal Chopper
.. . | ' o o a ] | av o v o q v v
Stabilized Amplifier @ufrAuAAIAARUIiRINELATLIgNABsaInsavilianadls
= -a 3 1 s L2 1 - v cll
lngnsaeuifigunsatianaie ] ATugy nMsdunauaznsinwA1dunalingd anunain

o -1 ad o a & Ll

LAABUINMTENMARTUM LT TSN RN IUARTUMUNITNIZIBTBAUNET Y
] aa .. ] aa
9. AMUARIMLARBUNINANG (Statistical Errors) AUARIAAABUNINELNR (Mean)
d ] 5 g v | | oaw a =
wagAndeauunIgIU (Deviation) @1 Xy, Xz.., X» wnunguvesAfiialdludasunm
U nl - v 1 ) e‘
ALadeneann £ Aldanmseurasnsawldainaunisi 2.17

1% (2.17)
X = —Z X
n
i=1

| v Yy el =t
AndeavunInsguansainlaninnisnsgatevesanenulaanainadalalunis
° o ! o v
AnnaeInALeie lnemlavinaunis 2.18

(2.18)

<4 1

ol <
LB ABAILUEILUUNINTEIU

A d' 1 A a1 e -
d; ﬁamimmmu‘umqm VRINAURAGNAUIAY |x; — X
n

v
o o s

ADTIUIUASIVBINITAWNA

2.4.4.6 AUAINITOBIANAY (Repeatability)
mmmmsnsgﬁmﬁwmaﬁamii’mﬂ%mmaeﬁuuﬂwﬁmﬁmﬁuﬂiwmwmm ASa9n
gunsaivaiAdaseinduieaty Tnedrfiswldnnmsialuudasafsiuritunieiinng
TndiAaiu faildinanauuwdluidevesnuiiemss (Precision)

o

2.5 wiandnviadanirleila (Ultrasonic Proximity)

[
= o YV

wiendfnvinsanileiabugunsaiisueeslivdnnsiugiuvesnsusnszaeniy
Audigaiaglutisssning 20 kHz e 1 GHz senlunsevuiuianiiegneluuiinmvesaunu
pAuAMALAzaTiBUNdUNIS U WiaFendn “Echo”  msiulgpiuasuenueyAdy
ﬂ')"lllgﬁﬁ\‘iB@ﬂlﬂﬂﬂﬂuﬂﬁdﬁ%ﬁﬂL‘U%EJ‘ULﬁﬂUﬁigfg’]tH‘Vl'Nﬁ’lULﬂ']ﬁﬂﬁlﬂ?&!ﬁiﬂﬁﬁlﬁ[ﬂ&lﬁhﬂﬂi
Bidnwseiind gunsalmunu (Controller) w3agunsalreninines dadyarammadiuending

) I v o ] 4 aa & ) [ <2 a @ fad 11
tuoaduldviseundenviefineatuegiumsldanu swlufiinmsiaduazeunsaitsosay
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[

= I v s - al =)
lugun 2.13 wassanwuzRINTaYieunduAduAungelunTznuiuTan Paa s
= = a
YaIuTmEogun 2.13 (n) uasmamsogul 2.13 (a)

Ultrasonic Sensor

(n) WuweiTreErvesing (4) lULDITLAUAINGIVRITDUNA?
o 2/ [ o [y o g <
UM 2.13 msasneunauvasnauIIMagiiiuvesudalasveaval [15]

N1SWHNSERBAAUAIMNAZIBY Ultrasonic Sensor avduiudfiuseiuiinsiinaensy
Franailumsaziiounduresrdumuifinssmuiuianuaniudadiulnenseiuszosises
Fan fromni wienddavinsansledaialugunsaliiussyndlinruidmiunsaein
srgeiavasianla wunsnsedanasmsmuauseay Wi

wiendfifvindanilednannsalinmetusiavestanldnannaeiuiaiifulans
uavelany Yanlussuamdefiuuas veamainazveauds vietaniudiaidng Afud
Wiganelunsazvieunduvesnau ToRdnusgnswilsues Ultrasonic Sensor Aefinaiiinain
aveeshmIeruiutiosningunsaisin Photoeletric Sensor usteehilsfinudesnfinves
ﬂ'ﬁ'lm'mﬂauaamﬂﬂnuﬂﬂa qamwmaamww%umaﬂuuaﬂwmvmma'lﬂuwuwuqu W
mwuaﬂvmvaauuu Duudwveduguns wazidulnumienoni Lummnaaﬂmﬂanumu
AANEW (Absorbing) il foundundeiiu

2.5.1 Tassaievaawiondfinuinsaniileia

dulszneuiugiidwyvemiendiadiadaniTednaunsaundldiiu 4 daw dgu
7l 2.14 Faustazduiineandoadsil

1. MsuaEmLweiuaziiu (Transducer and Receiver) NuaRIwasvimii
dendumnuigiliuinszargsenlumeiiamiwesiaieusesnioufuiunsasioundures
pAumNAdlasinsnsE UL Ye T TaY

2. 2995WTsuiisunaruenueEANE (Comparator and Detector Circuit) %11
wihiFeuifisuusnuegssninaduauiidieenlufuadumiuifiasieunduaiuas
Aunamnsserievesianlaefiansanainmiuslumsiiunseesnauanddslunsenudu
Tasuaazvieunduindssulumievesian
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3. gunInidnszAuvasdyyInmIesueIswn (Solid State Output Switching
Device) v‘i’mﬁﬁﬁL?Jue?hﬁ'uﬁmé’zyfmmlwﬁﬁﬁLLﬂmmmﬂﬂﬁummﬁ (Frequency to Voltage)
Tnerumsgunsalifeusie (Interface Device) 13U PLC (Programmable Logic Controller)
JUwuuvasdygrumsinueiwnazaunsouveentldduassdnvay fe dyginuuy
Aimeauazuuvaunden dygraiegluguvesiineassuansaniizvesnsieuigedly 2
annzfle nselififagegneluuinundumiuiivesnisieused uidya muvueudense
annsaudasdssaziariumisvastagiegneluuinaedumuivesmasuigesldogn
saiilag

4. arwdldau (Sensing Frequency) Taealudisaruildinuvsmsondiin
yiladan3lelinlugnaimnssuazagsewing 25 kHz fis 500 kHz Tunenisunmdaseglugas
faus 5 MHz vieenaannaamiy etslsimummiilddmiunsisuresaafudadiunndy
fuszezvisvesidn wWuawud 5 kHz enaldauldsyesiie 10 m (33 f) wiemnnndniu day
WA 200 kHz azdiszezlunnsieueasidliiu 1 m (3 ) winiu

Target

~
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gﬂﬁ 2.14 @Usgnauves Ultrasonic Proximity Sensor [15]

P~ . #
2.5.2 sreEmswuesuazsresimutzaudanslde1u (Sensing Range and
Effective Beam)

wermseuestemsendfinviindanileliafeusnaiuilinunieoveuunseniig
v = 3 3 v v ow -
svulnagauaslnagafigunsaliuwesanunsaldouls dwandugui 2.15

le— Maximum Sensing Distance

Sensing Range
\ \

A} sok’| Target

Ultrasonic Sensor |-

7 ,I ; /
— Hlind L— Minimum Sensing Distance
Zone

' v
= ar 1

JUN 2.15 uansszeglunisiwueeiveansendfinviadansleda [15]
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2.5.2.1 seuglndgaveenisiwuweas (Minimum Sensing Distance)
nswugeiuuulidudalasldndusaniletassiidwmisigunsalliannsavhauld
agluvinalngs MRamhwesiisuses Wuidsnduauisenlunsenuiaquéaasiou
nduindehisugesluvasiifwuresdundummifiasiounduintounthildsliauysol
quasalisuigesfazlianusaiuaduauilmidasfoundunnlfogrsgndaausiugy Aud
UinaiiFendn “wnuen” Blind Zone) 9Augnues Blind Zone winufivsvayvinaiilndiian
fissugasanunsaldnuldegaiiuszavinm wiuduasindete
2.5.2.2 588U YRUYUIYDS (Maximum Sensing Distance)
syepvsgeanveInIsIsueitsgnimuadsnnauasylinuesian Muanduguil 2.16
ondaegratu T dile wavens Wutagifiarwanuselunsgaduaduenud msldou
rausaniledatuiaqmariitsroudrsenmmenisasfounduresndunudivosnn 1
wileuiuminvin wanafin w3oui

Ultrasonic Sensor

Ultrasonic Sensor

JUN 2.16 uandszepinsgigalumsisusesvosTaquaazyin [15]

drdunsldnuniendlnviladaninleilaiutanlag szdosforsantsnuaisalunis

@ o o d d PR Y o s i a

geduidymsondurmnvesianuu Wuddy Weswinanuanunsalunisgeduaduainud
vesiaquiazinasduimmunssesiegegausinisiwuasmeduiy

2.5.3 szuzvineseninegunsal (Spacing Consideration)

Tunsalldnuimwuwaisaus 2 MUl nMsirunszeziesenIguIgasasRasan

o = 1 dl c:l 4‘ = 1 = al (-1 -
AN3ARVDINTUANTE8AFUAIINDBENTIY FevzmadlszasvnruisswenazldvinlmAnnis

L3
=

o EJ dd =3 . . .
#@0auNsn (Interference)  WIBNIUAUTBIAAUAIINDTILAATUIIN Ultrasonic Proximity
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1 v el A 4‘ A o 1 ; ﬂl—" = !
Sensor uAay FRUAMIFUN 2.17  n1TdenunINYaIAAUANARINEItuRTISENIN
& i a = i ' i oW v =
Crosstalk” Tnsanunsai91saniessegvinuasusswinusugesurasi Ui 2.18

T

e ‘8’ LAty
-

Correct Incorrect
| a v o 1 A o o a ! = =
(n) svpzviefigneeuazanzan (1) MuvdsiviliiAanisniuiuseninenaualud

¥ s v/

JUN 2.17 szepvislumsiiasisgunsainiondinviadanileda [15]

8

jccsd

——

—-—

T Zm S
2m 2m '

o
- s 1

d i -y e -
JUT 2.18 szezvinanasguremiondfifvlindanileda [15]

o 1 d . .
2.5.4 gunisnmunzauvaaldnmung (Target Consideration)

= v = e ¥ o a = Vas o a L ‘%' =
lagundudmiendtiviadaniledinezldifunansenuilifinanaudnunziuiives

o w

Taaeunitgunsaivila Photoelectric Sensor ae1alsimiu lunisisuiesTaniilldnyos
() o 1 s s ar ‘J s 1 a 1 s
WuwsiuGey shumidunsdmnssivresTanifidnvasduteuq ualiabiaue wudsy
< = = ' 1 o = a o ' a ]
71220 wazingudl 219 eufiuitnisasiounduvesnduniuilaeindsyiyuliiiiu 3
' Y i v v 9 4 o v a deve o o -1

ety uinanliannisasiieunduresniudaniiledailifuagdnvasiasiiany
B .

LB TR
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d o ¥ @/ a J a = 1
FUN 2.19 MUMINSNNIEAURURIT sV aMINgEw [15)

Level

N\ T

= @ ' )
sUil 2.20 mleuwesanilsifiauasiae [15]

Y o & a v aa a o 1 o @
uennildnwasiuinvesiannigungluineidesiiinansenuiveulunisiwuees

=l = i

C v W { % a a 3 4 o v a &£
iy YaqniigamalgeuazudanuieusenunliiinauRaieuresnausanilaiinty

9 v oY

o = ¢ ¢ 1) v ¢ i
dauandlugui 2.21 Tneszevmsiwuwesvasgunsalavduauaznailldannisisuiefarlal
wuuau
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b

Optimal Correct Incorrect

o o W aa a
JUN 2.21 dnwasnisiwuweiagiiinansznuaingamgil [15]
msdsggnaldanunienifiisledanileliafiedauonianlaenisiwuwesamnumun
ql 1 ‘d - ﬂ’-” ‘i L% o a d 1
annsauanalalugun 2.22 dauguin 2.23 uamanshinsaiiensiatiudunuvesianiiussqey
melundedlagdnluda

Ultrasonic Sensor

JU 2.22 msussgnallunuguigesanuvuivesian [15]

Ultrasonic Sensor '

< o Y
JUN 2.23 msussynaldlunisnsisaeuduiang [15]



unil 3
¢l v
UNIUNINYIVDY

3.1 nar
@ U Aaw & w £ o v a o4 & aa
szuuinmmuvaeadeinivildeenuuulagldivugesdaniledadaundenluns
ATIAMsyeEnIedainvglurunsgratnnssy Tagvinausuiuussamiuau Arduino
= @ ¢ v v & o & Va w U v
Mega 2560 dsamnsnsesiunaindeya loidudwiunin uenainimegidelaneten
e 1 A d a & )
penuuLLandenidgunsaidug Tuvswaiaiiefizaunsovnasuasinassuuiounasly
@ v L ll: o = g
sodulwivihdeusuduld “sTANDY” dnfudsdnudesideyagunsalvessafulnilviing
[ =t va o Y vo cv W <
fy Famufidelasunnunganananzenasdfifudivedasimssaduliiunlaenaon
=l cal a v L a e oo -::’
gavlBsavegUnIningIteiuITeiinag

3.2 Wwuwasdaniladia (Ultrasonic Ranging Module HC-SR04)

Tuga HC-SR04 Tugud 3.1 Wusuwefifeldlunisiasreemenendusaniladiais
simgn wnzdmiudisuduAnunmslinuadldldtuuesamunuldnneiin udnnsdens
Udespdusanledaludeingiilutmnsuasdunainmsnduaveadesaeieuitothun
AUIUTEEENN

JU# 3.1 lugalsuiweidanslelin HC-SRO4

L]

lugadaniileda HC-SRO4 ausainssezlenud 2 lwufiuns §9 400 wufims Sen
AU Eanaaliiiu 3 fadwes anglulugauszneudisisesdmsvaduaziv
= ar s 2 -
AAUdYINdanIleln

3.2.1 wdnnisiugiulunisienu
1. Gusilnensdsdayyias 10 Trigger 81 10 lalasiundl
2. vésnsulugassdsnduenud 40 KHz senly 8 Wad uavsensavdeudnd
deuqrauiadndu (Echo) mé’aﬁ'ﬁw?alz,iﬁaLtama'[,ugﬂﬁ 32
3. iildgyaranduinlusziuiigmdnndsdayga 10 Trigger nafildrous
Iosudyni Echo azgmimndnamszezni lasgnsnisuandiail
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YHLVNIT = AU NVOITYYI0dazviou x 340 (m/s) /2

10uS TTL

Trigger Input ‘
to Module

8 Cycle Sonic Burst
Sonic Burst |IHH ”H”“
from Module

Echo Pulse Output
to User Timeing Circuit

Input TTL lever
signal with a range
in proportion

U 3.2 uanensiunazdswadliuga HC-SRO

3.2.2 msibeusaiialday
Tuga HC-SR04 Husifusedawetulilasroulnsaiaesilinavin deitedelums
vhouduandumsiei 3.1 aziidedeiddyiaalunisldoudsl
1. anglndmiudne 5 Taad
2. aneldmsudeyan Trigger Pulse Input
3. anglwdmsudygn Echo Pulse Output
4. aelndwiu 0 Taadt (Ground)
Tunsldawesmi3deiitu sxlduesamuny Arduino Mega 2560 Fsamnsaseidnity
Tuga HC-SR04 lelawnse Tnsmsidousenutiuuandlidagud 3.3

Arduino MEGA 2560 HC-SR04

UM 3.3 wiufamsiBeusieluga HC-SR04 1 fuvedarauAy Arduino Mega 2560
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A519# 3.1 wamarnsineg Adudulunisléonluga HC-SRo4

Working Voltage DC 5 Volts

Working Current 15 mA

Working Frequency 40kHz

Max Range 4m

Min Rang 2cm

Measuring 15 degree

Trigger Input signal 10uS TTL pulse

Echo Output Signal Input TTL lever signal and the range in
proportion

Dimension 45*20%15 mm

3.3 Upn1slu Wi 2560 (Arduino Mega 2560)

ueda Arduino Mega 2560 HuuaiaruauiiiiiugIuinaIn ATmega2560 [12] & 54
duma/teming @sdl 15 desfianunsalduuy PWM1#) & 16 Suwsuuueunden, 4 UARTS
(13a5TiSuanesn), 1 Fo9v09Asasna 16 MHz, 1 ¥oesdmSu USB, wialw, 1 ICSP header,
uazusidn duandugui 3.4 Wuvesadsiinnaeiesaiuayululasreulnsalass o
\Feudafiupeuiameifisane USB wiafu Adaptor AC to DC vi3suummsdiitei3usuns
vhau nanliti u Mega 2560 Wujuilesnuuuinilliazmnuasiinasnfogaunuiu
Arduino Mega 2560

5UT 3.4 uasa Arduino Mega 2560 R3 [11]

3.3.1 fnwuEYaIUasa Arduino Mega 2560

UpA Arduino Mega 2560 uwansnsanuasaiweiiuues Arduino e tossngy
Lilelld FTDI USB-to-serial Driver Chip usiaxil ATmegal6U2 (ATmega8U2 luvasaju
Revision 1 uaiz Revision 2) gunsaluazdnwazsneg éignadunelilumsne 3.2
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=i '3 ) s . o
A139N 3.2 gUnIndlazdnwuEYed UBIA Arduino Mega 2560 lnedaay

Microcontroller ATmegaz2560

Operating Voltage 5V

Input Voltage (recommended) 7-12v

Input Voltage (limits) 6-20V

Digital I/O Pins 54 (of which 15 provide PWM output)
Analog Input Pins 16

DC Current per I/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 MHz

3.3.2 UNAINAIIY

UBsa Arduino Mega 2560 annsavhauldlaenisiioussriuans USB wioundssne
AEUDN UNAINANIUITgNIFRNlASH LR

WAAINANIUIINATEUEN (Non-USB) ansainlaainesuauines AC to DC (Wall-
wart) visuunne’ ezuavwesanunsadousedienisideuudnuuin 2.1 mm Centre-
positive i lluuiavasedald druuvasefinanuunmesannsaldldlagnsdu Gnd
way Vin 9839 Power ADULUALABSLA

vasaaunsavinnuldneurasitginauin 6-20 Taad dlvlwilesndn 7 Taad a1 5
Taadenadelwldlidosnia 5 Taad vlvinisviheuvesvesaeisasliiaties dldlwuinnin
12 Taadt fmuauusiueszinmufaugIasvhatsuesald Mututaswesuseiulniing
wangaudsmsidu 7-12 Thad

' 4 .
3.4 uwuaadesdasiau (Acoustic Sponge Foam)
' v LY = a t a
wruandgsazvieulutagiulunfenlulssaugeainnssy, T, agile wavenans
] L] da o 4 o oy o =4
wrdlvdeingg wuunieuldlulagiufeuuy Egecrate  iflpsarnilunuunidisnagnuasd
s v ' s Cl
ruansnlumsgauagtasiumsasvieuldduin dwueandlugui 3.5

3.4.1 ANy
1. SiaemnuynuLiuegil 23.5 - 25.5 kg/m’
. Ansnaneuadsslannsau
. aduidesasyiou
- 3Alaiung
. Fasadeheminmassi
i

(S 2NN E 1 B ~ N CL R A
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gﬂ'ﬁ 3.5 Wwuandesazyiau Acoustic Sponge Foam

3.5 sadiulwivihdeuuuuiuduld (STANDY)

sovfulritirdouuuuduguld sTANDY [1] Tugud 3.6 Wusadululasanisideues
AonTsEBsgnoanuuuliiuFuduld wasiannyamualildnuie Swaunselusunsuang
Aasn1svagldiu neamusdldesnuuulasiaitavessaduielusunsuneuiinnes
Solid Works IngsaifuazUsznaushe deduindeu 2 & dongs 3 & uewmefmuauns
ol 2 § ueimeimuausumistu-thueu-teunds 3 WURLMEIANYEe 1 9 19a
oW 3 9n uazdwvsBidnvselinddmiumunuaisyihausngg

U 3.6 nmenesauiulwiivhdeuuuususuld STANDY
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n1seenuuuisaduinainnsinsaduduaeiniheeauism LEVO 9antufem
gunselluviesmanmingunssilawanyay uastosnitetavuanareonuuulasairevesiase
Widhfugunsaliifiesns msvhauasnmsimvesssuumelusiisaiugineli STANDY
annsauandluunuislugui 3.7

BLDK BLDK

MOTOR MOTOR] MAIN
HUB 1% ™ HUB Controller
(left) | | tright)

Controller

Driver Motor + stick
IM-50B

29939139 + Key pad

220V

U 3.7 unudsnmsanvesszuumelusadudUaslvihuuuuiuiulg [1]

mm&_

o

BMS |
t n ] I—’U:::," Ududu | |YFuueu
wunines .
24 Tag N . '_
Advurean 2|_ J_ 2
] |Linear actuator LAN Serie (1)

3.5.1 gunsailuszuuressadudUaelviuuuuiuduld

¥

o R LN

BLDC Motor HUB

Brushless Wheelchair Joystick Controller
BMS

NISWIFUUANADS

wummes 24 Las Aseulossuneann
ixuu‘l%"ﬂﬂ%’m'nuqatﬁ"lgﬁﬂw Linear Actuator

limit
gswitch




Lt

7. Aduna LAPAN
8. Apulnsalans LAKAN

3.6 BLDC Motor HUB Model: PW-12H Wheelchair Hub Motor
lugui 3.8 WHunewesuuu HUB  Fsgnesnuuuanliunuvesueinesegnalude
Fuipdeuriliuszndaiuiianeluvassaviovusus srsvesiewesaunsoendeulfuas
i
3.6.1 Fednudm3unisld BLDC Motor HUB Model: PW-12H
1. usesulwihnszuanse 24 Taan
2. Madluih 220 ol

3.6.2 AnaNUAYaY BLDC Motor HUB Model: PW-12H
AT 5-8 Alawns/Falus

N850 15 Nm

A§IluN I 180-300 rpm

HUTEANS NN 78%

Usuanudala
uwesdeiiiusniumuwuuwlsaanuy
dorhmsisndaluifideudesimunuassain
gansaenasuldieg

vuitn 7.2 Alansuy

0o N Rs W e

U7 3.8 BLDC Motor HUB Model: PW-12H Wheelchair Hub Motor (brush/gear) [1]
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A1319it 3.3 ArsaniAves BLOC Motor HUB Model: PW-12H

anuMY U I P1 M n P2 Eff
(Description) (v) (A) (W) (Nm) | (rpm) (W) (9)
Noload 24.06 0.729 17.54 0.40 110.3 461 26.3
Max Eff 24.03 3.376 81.14 5.62 101.4 59.66 73.5
Max Pout 2591 13.09 313.1 23.82 72.6 181.0 57.8
Max Torque 2391 13.09 313.1 23.82 72.6 181.0 57.8
End 2391 13.09 313.1 23.82 72.6 181.0 57.8

3.7 Brushless Wheelchair Joystick Controller
fneulnsalaeidanierduinnisnunuueineidivosannluguil 39 vhaudae

Wsunsuanudnlalasin Wunsesdufagudidaegmslinurememessnidulédfa 10 wh

wnnindwemessadusisumaiuwuiliussdwiitinelunan

Brushless Wheelchair Joystick Controller

= 2 ¢ IV
JUN 3.9 egarnuazaeulnsaiaessnituglas IM-508 [1]

3.7.1 dsisndudensldeesannuaslulasreulnsaiaas IM-508
1. wsenulndn 24 Thad
2. neuaw 50 wouuwus

3.7.2 ausanlAvewsdaanuazlulasraulnsaaes IM-508
s o« & o .
faTesraunsa@asiduluu Programmable All-in-one
aadasIle 5 sedu

I .
ASLUSNLUULUU Regenerative

—_

e

Parking Brake Open Circuit Detection
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5. Parking Brake Manual Release Microswitch Detection
- | ¢ = ¢
6. FUNIWoURDIUNINBLADTUALIATEIUST

E‘Uﬁ 3.10 satannuazAaulnsaaes IM-508 U BLDC Motor HUB Model: PW-12H [1]

3.8 swidpiineadas

dlefthevednmsanunsaiasiadeunesumidldesadasyannniuddeu vilvan
mudunvesdguaatldinn witdewniimideangiiefieguusaduiuisndn vhivile
indeuieiumisnuenihliflenaiagifmmiiiasnnissunieants dnidevare
vinudsldneeuninaueninudnlvig lunistlesfundeansunsefiinainanusiinves
vie3dedUas vieanwussinalumsadnliiesiian ieliitroviedinsiimdmings
$1in anunsaindeszuulestufowmdniuld nannseaguismanaudssdunsiesneg A
wefimsidanudldfaeluil

U3T8784 DA Sanders, U Stott, MJ Goodwin, IGE Tewkesbury, H Cawte uwazagy
21 yhmsifeRefunsifisueeisaniledalumaimesaduiasiutesseglngld
rouiumeifnadeyatildanddindusanileinaosiuaziaiuasiadudiesalunis
afuamitegdramisauazduintesmisiisnesamnsasiululd msduamvessass
famenuiululdannisnseiuldaunsd nsdusnfeliiimsnmenudsiiamisnits
aoasues Tuusisaannsandouiilutramhldesaund nadilaesiie lwwiwasiamils
awnsonrduingihaihlfussndliannsansieduld sadussgrindoulumsiudld
n3n5293ulsl nsdifiaueisuise fasansiaduldvisg Fsonnluingiaiemieaaiiu
funs sauszadeuiilumsdnuassiuituvasiiamase

UIYes Amal Elawad uagame [3] lnAnwiuasvaaesainejueudlunisvudny
finsiieanmsfianussnureaywiasssviaalddeduyaansmelulsmeiuia ns
sanuuuuaznaassliiriuusuddiassvuindn gunsaildlunismaassdeisuires
BUNTUIA (IR) wazhTuewas L293D Uszananalaglulasaoulnsaass Atmegal6l 4113d
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dilfuftmnuusevdauasaundestilunisouds wuweisunsusaldvuazasnaduidu
vl

UIVEYBY Hiroki Murakami uag Hirokazu Seki [4] leAuaiuazesnuuusaiuau
fimsfiannsavauvindsfinyndasedeisnms Fuzzy erdetonannieusessanileia
Asmiieage %aﬁﬂmqﬂLﬂulﬂlé‘[umsmgauﬁgnsf'?a"li'ﬁ'iL?’fumqm'sLﬁamﬁuma'[mfwﬁuae‘j
ffunaennsAwanaIn PID Control uAdeilituimsidenidunmsilagdrantisaduios
RERNETE

U398 v89 Gang Liu, Lei Zhang, Meng Yao, Chao Zhang [5] laAuaiiuavesnuuu
sadulwiiiaunsavaundndeinvnndaeisnms Fuzzy Awnudaedu 8 On Sudieyasn
\wuesdanilaila UT-180 anugadumingn iesuiumidumsidululfannduma

13T8Yee Mohamed Fezari uay Abd-Erahman Khati [6] lseenuuusaidulniid
NEUNSAILANTIINIINVaNEBUNALTY dayasinvesain, deyavinisuiseisaniileiln
MSU05 wazfdwmnlulasiiu Ussananadelilasreuinsaiaes PIC18F252

udeYes Tilak Dutta waw Geoff R. Fernie [7] lafinwnisldisueidansnleia
dmullostunisuzne ieenfudeyalunisesnuuuaeszuudnmainuvasnsiely
au1AR wazAunuIuwesdanledalidediiaursusenislunisasiadudumssegluung
anmuandeuimuuni esntasusialudwndesiimuarmansagaduniudedls
pefiu Msasreduingdeiinuin ifedrnluesuillflunansaty wieuiusigusnees
JnqAswesusesaiuigeslianusonsaadulfidudy

113889 Malek NJAH Wwaz Mohamed JALLOULI [8] Idoanuuusaiulyiingsends
M5 Fuzzy lumsduamidums lnslddeyaneugesdanileiindaniilodauuai
seussa ieAnadumMeadulUlAiarmuaumshnuvesesain

1MAT8Y8e H. Seki, S. Kobayashi uagane [9] lWeenuuuidessuutihsasuuuisdase
Iﬂﬂl%’ﬁ"aa'iqﬁ’mtywmﬂﬁuﬁam%’ﬂ«ﬁﬁﬂuummuﬁ'amsﬁuﬁq%’ué’am%’ﬂ%ﬁﬁﬁaqwmLﬁué’ﬂw
#8 ID Code leszyfifavessaifulwiuazuansinmiuoiwosiisadu ssuuilgninds
uaznadeululsmenaioanmsliyrainslunsmgiaeludiesing Tagguasfannsa
flasmunuiiAmevessaruIBLaRnIAfEAULDY

3.9 unasy
Tuuniiidumsnanfmquiuszndnnisiauresgunsaliifisrveslunside Wy
Wwulesoanilede, Ua‘i‘@ﬂ’mﬁgu Arduino Mega 2560, WHu Acoustic Sponge Foam Wag
wanmsiauagiunnranvmaasneg deglihlvldlunsesnwuulasaimneeniowns
wareaviuIsveIsEUUSNwIAlasasitlusadulnivindesely
mAteiiumessadulingug dussiiuiiszuunisewassefassiinannsey
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n1suFulddednilusgaeserduniseenuuunisdnineainuizan saudan15ld
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lulasmoulnsaaeiuazlusunsusneg Weouuseaniammsviinuveasuges
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vhauvesdaniledafuszuudmivsadunie feaessruvilunndefuiiviavesaesain
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4.2 A9RNIUUNITINAMUITBSan leliauusalty

wnARlumsnaumiwsusueisaniledalusafusdwansmmguil 4.1 wuiwes
Sanilufavsauidamazgninsaseushn Tasasdaluuinaiifudovessadu Weduwes
SamleianilsfmFernaiianniniaszegnsldunniriildenly duwadiinquuie
msinesgivlusumisiy durazidstuuesanuauiirldfudygimunsauauein
spuanndeiirniuusediu vesamuguarinnsaninnneugesilauasinisiuan
dyqaiimnzauiinsizgnasludahmuauueineivessaidy ﬁ%mwsaaﬁawqmm 1oy
szuudaniluiiniltariiogansdufe

4.2.1 daudmiunTianimiennesedu

sMsITIMIeAesERUTagsaufsaiugaustasinanuas e Tassdumis
wuwesazegUinaseuderivhvessadu meneidefivzannsnsesiumsindeulmuesse
lamnguuuy v:'faﬂ'mﬁwﬂ'], neENdY, 13829, 107971 viseusuAnsIAdeuTlua i
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JUM 4.1 MINMuugeidmiunsnamniwinageausauiise

4.2.2 dudmsuasIanndenauang
Tudruveaguwasdmsunsramnasinviesldieuwesoaniletavianun 4 /1 wans
° ' o a w « W a = = @
fumidslugun 4.2 Tagfimnsnsadureasuweisznsuiuiuiisnisiedoui wi, nds
4 ¢ ) -t v o = Y '
19950 Walruiweimladimilansiadvdsiavinldluszesidosnit 2 wes vesamuauae
[ 4=| Qs v 4 ) uv.v | 74 4'-" & 1 1 v v 1
Uuasudyanalvsandeuilufiemaiuinas wazilowumesslddosnin 0.5 wns
@ o @ ) & <
veinmuAuIzUTuAsudygalisavganisindeun Wudy

ol ¢ o y = a v v v w
E'U'VI 4.2 ﬂ'\'ﬁ'}'l\u“uut‘ﬁﬂﬁﬁ'l“i‘uF‘li?ﬁ]ﬂqaﬂﬂﬂ‘ﬂqqﬂwﬂgﬂquﬂuquaﬂﬁﬂJﬂaQ'ﬂﬁ\ﬁﬂ

4.3 %uvlaun'ﬁﬁ'mwaﬁzuuﬁaanwuu

'Luis‘uuﬁw%’umuﬁuuaLma%&hmaaaénmaﬁmﬁuﬁu aaaaﬁﬂﬂmimﬁu%ﬁaﬁ’mm'\m
viavun 4 esdygralusunmunaeines FaspuuiiRntuasdrluunsnuasmuaumsds
dyyrudouaziediunruguuainaifuanddusui 4.3 szuuiiesnuuuldldlusunsy
Arduino-1.0.5-12 uasamuauasFudynadininniesainuazsueessanslediaseusise
wioniu uazAnaimswzddygauuulaludvnmunuueneivessn
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) Motor HUB
Arduino

Joystick i Mator

Yy Mega 2560 control unit
(MCU)

User HUB

[ Remote Ultrasonic Motor
Control Sensors

= [ o d
gﬂw 4.3 UaaNRTuNTUNITINILYDITEUUNDDNLUY

ON-OFF  RESET  sate distanced sale cistances

QI®

HC-SRO4/

for

RELAY1

RELAY] GND ARDUINO
HC-SRO4 | TrRIG | 1

for ECHO RELAY2
RELAY2 GHD
HC-SRO4/ TRIG

for ECHO RELAY3
RELAY3 GND P—
HC-SRO4 | RELAY4

for ECHO
RELAY4 GND

Power Supply |—1

JUN 4.4 unuiamsidendiavesgunsaiingg Tusadudass

4.4 N15RRNLUUSEUUAIUANAMSUN1SVasdaunsvineulusaidudass

ssuumuauiildvadeunshaureneuwesdaniileda HC-SROG Yihausauiuuedn
muAY Arduino Mega 2560 TngvianusanfuassainuuunafnUsoesu 4 fiemmauay
19s3iaddmiumusumahauaesewes DC 12 Taad madousesswinagunsaisneg du
wanslfipugui 4.4

4.4.1 NM39BNUUULONAWIF

luniseenuuugenalslainisfnwarufiRoudu 2 diw fie

1. 99NMUUNTEUIUMTTINNUYBITEUUIIINGIY, vesamunay, Wwuwesdanilela
Tagvnisvaassiusadhass uazldmendnde Arduino-1.0.5-2 ieulAmiiousvauay
gunsaivivuall Tnsuamsacumaeiines

2. epnuuUMsdeudaliounIniInsindeseninsssainuaziimuANNELADS
(MCU) Wszuusuransssainviedld uasinnmufudeyaiouseidaniledaseusain
%] mnﬁ‘:u%'aﬁﬂﬁulﬁ]Lﬁaﬂﬂ%’uuﬁqﬁ’tyfmmfiaulﬂé’aﬁ?muﬂuuamaﬂumaamumifﬂﬁ
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4.4.2 MIvBNUUUKAALABS lABTLNTY

NTATUANNITYINNUTBUNTRIFNY m,Lﬂumaqmummuuaimmmm Arduino Tag
UE]‘J'G]F‘]’J‘IJF]&J‘\]»'EUFHWN‘] wu AussiuaInTeann, dygrnuansuieeisanileia,
Fygrannslum Wudu deSwihay fldasdesnataianinuasiussosuaniuiiiol
vesnmuauiufinArszegvinniureseueesnsIasumesasEaUe 9 dumis wazen
awvasaselunsisuwlasdygin deiinnslenvesadn vasamuANaztiAusaiuilin
Aunfusiisugefsausisataldtimseuiteulalatia Lif‘iaﬁwu'aml,a%suLLﬁauai‘mmUﬂu
alvmm‘mlaauuﬂaqmmqmumnaaaamLl,a'aaqlwﬂumﬂwﬂuuamasmammmvauﬂu
amumsmuu‘] sy

|3'u
§l¥nau RESTART /
uasl.ﬁanri'niuzx]anaﬁ’u
l8lunvovannluly /
ﬁnnlwffa

sruvinsiuAnninagy

uazfudoyavinisuwed
sepzioonin 05 wms _— Areasy szuzdeundt 2 wns
" seorsEwinusuived uRNINNT 0.5 LUINg
'ui'ﬂaq/
ﬁt}[i.ulmm:ﬂcu v ﬂ'DJWWIU.MCU
Han AN uaA naUAUBIUBYM
P 2 (sngniinmnanda)
fugrngh) soviauuni
(Listnsvgn
w3iovxan)

nIIINUNGUAN \f ATI9NUNRUEN

] /ﬁmh WA 3 B0

W R mmdnvesiy :

mum//
Fyeuly Mcu Ayyraly MCU
syilafAnTuiy noaaupldinn

(somtm) (sounieululudimiu
103)
oy
Uni
[wm‘svhnu

d o
JUN 4.5 adensamsinnuvesssuy
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4.4.1 fAunusvesdaniedalusadiudiass
o o 1 ¥ cJ -l v W = o ]
sawiudanaiinisanesurisdanidsunuusadulni1as 09939 MWL IaY
& a EJ 1 s o 1
wulweszAntanudulUlinsaduaraunsalaanIenI9sEAUTaUSa FILNLITeIe UL S
' £y o o v oa ' @ ¢ ° v oo '
wriagmluguil 4.6 aslimihiuansdeiu Tnawuwees 1, 2, 4, 5 sxmihiiasaammasing
w a0 ¢ ° - ' v o v a
FEAUNREAUMINGD lwuwes 7, 8, 11 WIMNInTIIMINEIsERUTEgAUNaIsa
s ° v oo ' v o 1w I ¢
WWUEBs 2, 3, 9 W IMMNTATIIM NN TEAUTDEAUEIEYDITD UasleuLLes 5, 6, 10 9
o G‘ 1 r n‘ (7 Qs :i ar L7 I3 1
VAR T1amIneesEduegfuunvesa fanandlugui 4.6 aruduiusssnang
GJ [V Y 4” 44
e sInUvauAURAIndasn s nvenlununisei 4.1

o ° i ¢ @ 2 = W o
JUN 4.6 mareiumisesuweidaniilelia 11 1a seudsalusadiass

< o W ¢ R 1Al W a v oa
A13190 4.1 awdniuSseishumisiiuwesdanilellansaanungu Auiiani
Y0398EARNNIYNIINA

Number of Ultrasonic Direction that was
Limited

B L

4.4.2 mM3Feudasening Arduino Mega 2560 AuLgULYas HC-SRO4
Tunsléemusuiges HC-SR04 nilshezdpudeuserunvansuwesfuandugui 4.7
(9) 1wuLwe3 HC-SR04 Tuiavun 4 witdrdrymuguit 4.7 (n) feil
1. 1 Vee wiolidssdmsuarusining 5 Taad
2. 1 Trig dwmiudtyay s Trigger Pulse Input anUesnAIUAL
3. 91 Echo dmiudgyayed Echo Pulse Output ddlviuesaniunu
4. 41 Gnd dw3u 0 Taagl (Ground)
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Arduino MEGA 2560 ‘ HC-SR04

= - ,'/ ‘\““\
Vee Trig Echo Gnd

| ¢ = 1w ¢ .
(N) P19V DAYULYDS HC-SRO4 () MIABURDAVUBINAIVAN Arduino
o ' & af 1 e (3 &
JUN 4.7 910199 veguwes HC-SRO4 wagn1siaunanuuesa Arduino
TuamAdeilldueinniunu Arduino Mega 2560 fauanslugy 4.8 (n) FeilviAdnea

(Digital /O Pins) viavium 54 91 nsieusiafiuieuiges HC-SRO4 azldunamoalunis
\ousaifunn Trigger wazn Echo Teusuiwes HC-SRO4 vanum 22 Aauandlusy 4.8 (v)

TRIGGER ° 2 (1)
24 @

(n) UasA Arduino Mega 2560 (%) wanawdeusiadiu SR04 11

3U 4.8 v1v8suBsARIUAN Arduino Mega 2560 fulwulga’ HC-SRO4 ¥ia 11 ¢
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5.3 Wisuisuiinuldiiusivandesnudesaeviau
idleusznausavaaeasIudmngaunsThuressTuUNUTITIndvessaniledai
mmﬁmﬁﬂuqa Suilewnnisugessaniledanamunndusumiilndtuiulusaan
Tuguit 5.4 Snvisdnvaismaneessuiresfainiuiy uasguvsasuesiluukuoya3an
Sevdsannsaviliifnmsassiouldd fauamdugui 5.5

d o A e 1 =l v
JUN 5.4 sadraeadielifinusiuanidesasyiou

BASE OF ULTRASONIC MODULE

TRIG ECID

FLOOR

o o d o Lo = 1%
JUN 5.5 amdnaesnsunsnaenvesnausaniiledalaen

Lﬁas?mﬂé}l’mmuamﬁmasﬁausaummaewuwa%ﬁ’mamlugﬂﬁ 56 () Wang
Wigusunserumvsaguweasdaniledanuiwuuldutuandesasiouaiusoanuay
desfiumsunsnaeniuuasiuveseduld Tugui 5.6 uansmaiUSeuiisussvinauuulsifiusiy
anldnsazviounazLuuiuiuanidesasyiou uazuansdfisruldanlusunsy Arduino 1.0.5-
12 zifuiuuiiukuandesasieuaunsodiay suaiudansledaldnuund



(n) Liglueiuandesazyiou () HuwHuanidesazviou
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Real distance
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AuansalumInsduiusssiuldnnlesisda TunsmnassarldsTunidushaua
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5 LURLUAT

519UAAS | AuvTian weadfdesaing sadnsanunsadsldelunasanyng
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PUgIBEN weadidesadny sademansoddldaelunazanni
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ANTZAU
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4 \YURUNT AN9SEAU
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6 LHURALUNT

v o o ' a 1 o vy v S v (YY)
FNUVIAN soldaunsalmalutamtnle weadsnnuviasu
6 LHURLUANS

v ;7 -t

FNUGEAN solalannsadsweludrminld weasiaudesu
5 L@URLUNS

AULIAN saldiaunsalwalutravtinle weadanuwneu

5 L URLUAS




64

5.5 N1InsIvseUNIeduyInvetsssinvassadulia

Aouflagynisunsnussssuunstsduiianuessaidulnilifidotdy sududoss
sUnuuvesdrygnideansivesannididnou lugui 5.8 Feguil 5.15 uansmsindyana
nnvwenesanninyifesadalaalavvniiiinislonvesannlufiamnesing Taeiduanm A,
C, B, D muddu iieannsavenveuivavesdayeadiaeannanunsalild [ud

d ! e g d 1
13190 5.2 mammﬁmmﬂmwawaaamﬂmaag”luaﬂ'msm&q

e AdeaIa Adayanauiiotendudsdulufiamanieg QG0
YA ERVALEY Wi WA gy Y71
A 2.88 4.24 1.84 2.88 2.88
C 2.44 3.60 1.28 2.44 2.5
B 251 2.51 2.51 3.76 0.88
D 2.66 2.66 2.66 3.92 1.04

e oot o
Fro=++sst4
Ugme =g F req=#sstios

Tims 24

Times 288.8ms

= ) ] 2 7 9
U 5.9 dygmnine A vueiiinslensseannludnmiuasassvis
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5.6 nMsvadaUNITWNINUYEYLYIsERdsRessERniudIAIUANLBIAES

suwmmuﬁﬂmwaqsm%ulﬂﬁﬁﬁqﬁmww%’uﬁﬂﬁ “STANDY” l4vesafnuuusead
Lamwmaaamn mﬂv‘lwaryzmmLﬂuﬂwmmmmmna Fadudyyrveurden ninng
UNINUBTY svuummmu.ﬁaw"maqaasvmﬂwaaamnuavmmumuamaﬁ Pnfuazdu
dyanmueundenannvesannidun uavandsudygraeudendudyganineaiieuily
Uszanana Mntudsugdedygn PWM Tifumauauuenesieaudsdinddminfiy
dyqnaeurdeniisuidunluaaunsaifiund wiidlefinmsnsanuguasse svuuagyhnig
Usudsumdagouitelisandoudnvarmsivitennu

ﬂﬁwmaaaﬁ%wmaaaﬁﬂxiﬁmaaaéndqﬁmzynmamﬁamﬁwaﬁiua%mmmu Arduino Mega
2560 ﬁlwﬂﬁu%ﬂﬁua%ﬂﬂwﬂuLﬁaw%aﬂ%'uLﬂﬁﬂuﬁmﬁymmuamumioﬁmﬁaq aufieues
Saniledinldgnialy

vaiamuAx Arduino Mega 2560 fivnduwneundensy dsfldannsaideuldn iiesu
ﬂ"]LﬁaﬁumnmﬁuwmmmﬂgﬂmaLuJaclﬁtﬁuﬁmgaﬁ%maawuﬁﬂLUuLa%ﬁﬂuauLﬁuaq“Luﬁ'N 0
09 1023 w38 10 Un muAuazdenlun1sulaiA19999995 ADC  (Analog to Digital
Converter) ﬁag‘meﬂu uazlddnde analogRead(; Tunsideuldn uarlunsneastayldan
ﬁ%maa%‘qﬁmmaaﬁLé‘ﬂmmﬁ’fgmmag'ﬁ 0 fis 255 w38 8 On zduvAldlunsdsdyaod
Iifumsivasunlaussuudludsimuauuamesvassadu daagldsds analogWrite();
Tunsideulen

Tuszuuiinaassegiuasldussduagi 0-5 Taad mndesnsliussdiuileeniddneail
Aifuussuiidneunden foeisnsdiusenindaiiiuazdniioen vioaunsam
Alalagfds val = map (val, 0, 1023, 0, 255); 91nlUsWN5U Arduino Sketch Ferimler
Pnmsldddvestusunsulduandiidiulumsned 5.3
A9790 5.3 Anuduiussenieandygaeundenuasandygafines Sudsiu

ansfuLssuidsnantesannlusarithiflovassaniedsiinunnadag

k]

aoumsel | A3 ﬁﬂﬁfgzgwmﬁdﬂulﬁmnaaﬂaéﬂLLasﬁmfmm PWM 31nuasnniun
AIUAN A C B D

ﬁlﬂﬂaﬁﬂ In Out In Out In Out In Out

laidl Udey | 580 | 144 | 494 | 122 | 501 | 124 | 535 | 133

guassm | wih | 840 | 209 | 712 | 177 | 500 | 124 | 535 | 133

G 402 100 291 72 520 129 552 137

4ne 573 142 484 | 120 | 746 185 | 761 189

4N 578 144 495 123 212 52 244 60

Nnseil 5.3 udrfiguldnueiimesdudeuretuuesnniunu Feinuinsi
audlanastufinnanisnaaes fadulusuddeissinstuiinnaifuniisves
ussiulnihdnstuiinnnueiwesveasistooadalaalay Fsainansnedl 5.3 anunsataain
seadalaalauldmmuensned 5.4 dail
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aounsal | s /i Vavefisnulfansesarnuazdygies PWM INUDIAAIUAN

AUAN A C B D

’ﬂﬂﬂﬂ§ﬂ In Out In Qut In Out In Out

Tug Uges | 262 | 265 | 220 | 219 | 224 | 226 | 241 | 242

E;'Uaﬁﬂ 9N 3.88 3.90 3.26 3.33 2.21 2.19 2.42 2.45

V) 1.76 L2 1:25 1.22 2.33 237 2.44 2.46

918 2,56 2.56 212 2.17 341 3.46 3.48 3.51

U 2.63 2.65 2.20 2.18 | 0918 | 0.842 | 1.03 1.03

Tummeaessfiunmsiiouiioussinensvvesdygrasineesann @) uavns
Y8 IUYIDBNIINVBIAAIUAY %'wsLﬂuﬁzyiynmﬁ’aéﬁméuagmﬁ’u (@Awdeq) Imﬂ,ugﬂffi
5.16 Ltamﬁmmwmwﬁw (11 A vosvoLEnn) wava0en (1 10 PWMl)'lwm.,ﬁh.iﬁmﬂaﬂ
maaamn U 5. 17 u,amamfmmmaumﬂamaaamﬂwmwuﬂ ﬂvﬂﬁLﬂﬂ1ﬂ’J’] dledyayiounn
L‘U’]LWN?»@UHQ"UH fmumwwmﬂauazymmmuwummu High 2zt TukazUsiunse
fuueunagavesdynuvidnnnvesann uaz3uT 5.18 wansdoyganiledinislenvesann
TUshunds Funnldin dedygyrnwiinansedugeas miuniisvesndudygiuduiiio
W High %acﬂaqLLazw'srﬁ’umqﬁ'uLLauwﬁfgmaqﬁ’muzmmw.ﬂﬁ’wmaaaﬁﬂ Tnestavaily
vauritliifiguassaviedanionandag

d ar a <4 3
3UM 5.16 dygnuanne A (1) wasdyguainyy PWMI (wdes) vesuasamunay
Tuannglifinsmuruuarhifiguassalag



69

Vamr= 4.7T&l

Time 1.800ns

JUN 5.17 dygranine A (1) uasdygneine PWML (wéied) vesusinmuay
Tuanngleneeannlusmmiuaslifiguassalag

Time 1.988ms

U 5.18 Fyanainen A (1) uardygnaeinen PWMI (indes) YDIUDIAAIUAY

luannelenvseannlusiuvduazlifiguassalag
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\nFeseeadalaalatinfiazen aumsniedeumsvhauesssuy lunmsveaesiu szuu
zddlifinuusaduliin udesdsegfuilasssduiioumesnnaumeinsssiuseussoiiy
ssfinmstmundssesUasndeienly Weduiamaaey sseviludavieusesannsadulniu
szgniinpenifinaiisaaunisainsiaevauiiudiu drunismaassfuieuisesnsiamasi
191 maideldansreenisivasndeain anduivuslisnesisdnasiisves 3 was
uavazvgaiiszez 0.5 Lums anaady saegisirauilesnasieinacilszey 30 wuRns uas
ngaiszazving 15 iwudums iemuazaanlunsmaaes Tasmsisazuianiuaesmsie
navouLIeTnTIRduAsinraianan 4 M Fuandlun1sned 5.5 uarm139i 5.6 uanwa
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' o FY 4 a
A Vavghenulannaseannuardyg s PWM 9nussamuau

gunsal | s
ATUAN A C B D

’«Jﬂﬂﬁ%ﬂ In Out In Out In Out In Out
Wi [Udes | 262 | 265 | 220 | 219 | 224 | 226 | 241 | 242
guassn wih | 388 | 390 | 326 | 333 | 221 | 219 | 242 | 245
N& 176 | 172 | 123 122 | 9% | 237 | 284 246
% | 256 | 256 | 212 | 217 | 341 | 3.46 | 3.48 | 351
¥ | 263 | 265 | 220 | 218 | 0918 | 0.842 | 1.03 | 1.03
Soqvie | Wdew | 261 | 265 | 220 | 218 | 224 | 227 | 242 | 242
wuwes | wih | 385 | 323 | 324 | 275 | 227 | 218 | 239 | 242
wneeu 3| way | 172 | 172 | 124 | 1.22 | 228 | 230 | 243 | 249
30>X>15 | 4y | 253 | 256 | 213 | 208 | 3.40 | 342 | 348 | 350
¥ | 260 | 265 | 220 | 220 | 0918 | 0.838 | 1.08 | 1.03
Tagvine | Udes | 260 | 266 | 220 | 218 | 224 | 226 | 2.40 | 2.42
wwees | wih | 3.82 -3._7- 21 | 218 | 23| 242
wnele3| wis | 173 | 172 | 124 | 122 | 228 | 227 | 243 | 238
X < 15 9 | 248 | 256 | 212 | 208 | 339 | 332 | 338 | 3.49
¥ | 259 | 256 | 220 | 2.18 | 0916 | 0.836 | 1.02 | 1.01
Soqvne | Udee | 260 | 265 | 220 | 218 | 222 | 226 | 240 | 242
wuwes | wih | 383 | 3.23 [324 | 275 | 222 | 227 | 235 | 2.39
e 4| way | 173 | 179 [ 124 | 122 | 221 | 229 | 246 | 252
30>X>15 | qw | 251 | 257 | 212 | 217 | 331 | 341 | 345 | 3.50
¥ | 255 | 257 | 217 | 2.18 | 0.905 | 0.834 | 1.06 | 1.03
Tmgvine | Udew | 260 | 2.64 | 220 | 217 | 222 | 226 | 240 | 241
Wwuwes | wih | 3.82 3.24 228 | 227 | 239 | 245
wnelerd | way | 174 | 178 | 124 | 122 | 225 | 227 | 236 | 242
X< 15 g 255 | 249 | 213 | 208 | 3.32 | 341 | 3.44 | 3.47
¥ | 254 | 255 | 223 | 2.18 | 0906 | 0.835 | 1.03 | 1.01
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= ' a ] o ¢ = a =
A5l 5.5 Avneeadialadlauvaviduaruneenvesueiamiunuidionudin
YINNITBLANE (D)

'3 i d' 1 v g e/ ¢
#A01UNTTE 13 mﬁ’fgty’lmwa’m'lﬂmﬂﬁlaﬂﬁmﬂuazaﬁycmm PWM 31nU83nnIuAu
AIUAN A C B D
DUARN In Out In Out In Out In Out

Togyine | Uees | 260 | 264 | 220 | 217 | 222 | 225 | 239 | 242

UGBS YN 381 | 389 | 324 | 332 | 220 | 219 | 238 | 243

VNeaY VGN L.72 P 174 BN 220 | 225 | 236 | 242

12 e 248 | 255 204 | 217 | 338 | 340 | 340 | 347

30>X>15 Y 260 | 259 | 219 | 217 | 0954 | 0834 | 1.04 | 1.03

TV el | 260 | 260 | 220 | 217 | 222 | 226 | 239 | 242

LWULEDS 9N B81 | 388 ['522 | 325 [ 280 227 | 239 | 245
NUNLLAY A9 1.77 g2 | 226 [ 296 242
12 i} 254 | 264 | 212 | 217 | 335 | 341 | 338 | 3.42

Ye

X <15 e 265 | 264 | 220 | 227 | 0.906 | 0.834 | 1.03 | 1.03

Tagvine | Uaew | 260 | 264 | 220 | 217 | 223 | 226 | 239 | 242

CCH ATk 3.80 | 3.88 S0 | 322 | @by 21T | 25T | 247

NUBLEY G 174 | 217 124 | 169 | 228 | 227 | 240 | 250

13 %18 291 2.55 442 | 216 @88 ] 331 | A84 ] 347

30>X>15 U7 263 | 264 | 219 | 217 | 0903 | 0.835 | 1.05 | 1.06

Yogvine | UAes | 260 | 265 | 220 | 217 | 223 | 2.26 | 240 | 2.43

LHULEDS N 381 | 389 | 322 | 322 | 220 | 217 | 236 | 2.39

nueLaY GR 1.76 1.25 229 | 227 | Z41 2.46

13 48 2.60 | 266 220 | 217 | 336 | 341 | 343 | 3.50

K< 15 97 265 | 265 | 220 | 219 | 0907 | 0.836 | 1.02 | 1.05

Tugui 5.19 WunsmiuTeuisudyyiuene A vesvesdin (Fudin) wasdyga
Waadnsuegiatusnueinmuanlugiimuauueinef (Eudindes) vnuzlontevannly
s luaaumselund wieguit 5.19 (AWisufudleiidsinvegsumiieuises 3 Tu
sveg 30 > X > 15 vi303URl 5.19 @)ezifuinmnunieesdygyaiading “High” asuau
nidielimudsiavang vilieussiuedeiieananuesamunuiirtesas iuwelfenisld
H184

lugﬂﬁ 5.20 WunsiSeuiieudyaiaenne A seseandin (Fudin) wazdny
Wagdnsuaguatuanuesnmuaulussiimunuueines (Eufindes) vurlontesannly
s lugeunisaiunivieguil 5.20 (n) Wiesududlelidsfnviegsumdieuses 3
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=4 o ' v o v € . 49 '
seEg X < 15 v303Uf 520 (v) zwiudnnnuninvesdygiaiadtas “High” ezl
Ei. o @Yo s d‘ A [ 1 1 =
wWiguwlas vilvimussiuadenesnannuesaniuauiiawingy WWuwvelisovge

(n) @n1un1saIung () WUEINAVI

JUR 5.19 nsmilSeumisudyganslensssainiumumitluaniuniseiunfinu
A aa o "y 1% ¢
Welidsinvrnegaunieuees 3 Tusser 30 > X > 15

(n) @aa1un1sadund () WUFINAYN4

d o g v -
JU# 5.20 namilSsuiisudygravaslonsssainludmuniluaaunisalunfiu
Wieiidafinvsegmunminiouees 3 lusses X < 15

Tuguit 5.21 WunsmiSeuifieudyagnuaine A vesesann (Fudi) uasdygiu
Wasinsueglatunueinnuauludafimunuuained (Fudindes) suzlentesannly
shumi luaaumsaiundvieguil 521 (n) Wisurudlesidainunsegdumitsuees 12
Tuszey 30 > X > 151&%6‘31]17} 5.21 (¥) uiunAnuaisvesdygyIuwaddas “Hish” ay
nhanddisliwudainuans vildeuseduiadefivonanueiamuauiidnunnitfissaandy
Huwmelsesnsevadldledhag

Tuguit 5.22 WunswiFeudleudygiaann A vesvavann (Eudi) wardyega
Wiaainsuegaduainuesamuaulugamueutewmes (Fudivdes) vurlensesannly
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dunth luanumsaiunAvieguin 5.22 (n) Weuiuidlefidefinvinsegiuminguges 12
= = | 1Y Y] w6 T '
luszye X < 15 vEegun 522 (1) aewiudnanuninevesdyguwadyns “High” agld
=l o 8 w1 Y | o a I a v
wWaguwas viliduseiuadenesnannuasamuauidawviniu 1umelisoves

(n) @aun1sadun® (v) wudanmarna

c‘ =i = o g v ar L3 -
JUR 5.21 nalilSsuieudygrauvnuslonvssannlusmunasluaaiunisalunfiu
A ce o " w w ¢
Wiedidanavegiundwiaeuees 12 Tusvey 30 > X > 15

(M) aaunsalun® (2) WudenNnvNa

ot =t = e g 4 -
JU# 5.22 nsmliSeuiisudyyinuuslenvseainlusmuvddluaaumsaiunfiu
4 aa a " LY ¢
diedidsinyivegaunawinaeuees 12 lusves X < 15
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= ' a ) o 3 |
A1599 5.6 AnneeaaladlaunaviiiuazueanveeuainmIuANEENUNI
ANTEAUNF MUY

' A Y 2 o «
ArdygnneulinIesaRnuardygy i PWM 31nuainmiunu

dgounisal | A3
AIUAN A g B D
ﬂﬂﬂﬁéﬂ In Out In Out In Out In Out
wuiwes | Udey | 261 | 267 | 220 | 220 | 225 | 228 | 240 | 2.42
1 wih | 3.82 3.24 227 | 221 [ 235 240
WUNNAN | wdd | 178 | 174 | 126 | 1.23 | 224 | 228 | 243 | 250
sgiudin | dwe | 255 | 257 | 217 | 219 | 315 | 3.14 | 332 | 3.40
N3N | g | 259 | 267 | 218 | 219 | 124 | 116 | 116 | 1.16
wuwes | Uaes | 260 | 259 | 221 | 218 | 223 | 227 | 239 | 2.43
2 wih | 377 219 | 2.21 | 242 | 247
WUNWANY | wds | 173 | 173 | 151 | 151 | 228 | 228 | 242 | 245
SYUAN | e | 247 | 259 | 218 | 211 | 3.13 | 3.14 | 332 | 3.39
MN3eU | a1 | 261 | 260 | 228 | 218 | 1.23 | 122 | 117 | 1.18
wuwes | Udes | 260 | 260 | 221 | 220 | 223 | 226 | 238 | 241
5 wih | 173 | 381 | 294 | 3.04 | 222 | 226 | 240 | 245
WUNWANe | wds | 173 | 174 | 151 | 151 | 222 | 218 | 236 | 2.46
sguan | dhe | 253 | 247 | 213 | 210 | 3.10
AN3eN | a1 | 255 | 266 | 218 | 218 | 1.24 | 121 | 117 | 116
wuwes | Udes | 260 | 259 | 220 | 220 | 224 | 226 | 239 | 244
6 wih | 374 | 379 | 294 | 303 | 220 | 226 | 241 | 244
WUNEN | wda Lid | 172 [ 481 151 | 298 226 | 245 | 244
SEAUAN 8 | 254 | 249 | 214 | 210 | 313 | 3.13 | 332 | 3.42
AM3en | wn | 257 | 269 | 223 | 227 | 123
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= ¥ - n‘.‘; 2/ & =
A15197 5.6 Aneeadalaalauiiiu i inay1enesueinnIuAtElanun g
1 a ld 1 1 1
ANNTEAUNAINLEEE) (D)

anunsed | M3 Adeyanaienlfinlesannuazdeygias PWM INUBIAAIUAL
AIUAY A C B D

ﬂaﬂﬂgﬂ In Out In Out In Out In Out

wuwes | Uaee | 260 | 265 | 221 | 222 | 223 | 227 | 238 | 2.40

7 9N 3.79 3,19 2.96 3.05 2.24 2.28 2.37 2.36

WUNNAT Vo) 1.75 1.50 221 2.27 2.45 2.38
seivdn | 4w | 252 | 265 | 213 | 219 | 313

1 3 . N 60 1 265 | 286 | 222 [ LIG | 113 [ 121 1.20

wuwes | Uaes | 260 | 265 | 220 | 220 | 224 | 227 | 239 | 240
389 | 324 | 332 | 220 | 218 | 236 | 242

8 wih | 3.82
wunmene | wd | 177 PR 220 | 218 | 236 | 238
swivdn | e | 254 | 265 | 211 | 217 | 339 | 342 | 339 | 335

A7 3 %l Lok 264 | 266 | 228 | 227 | 0919

wuwes | Udes | 260 | 266 | 220 | 220 | 225 | 227 | 242 | 243

9 wh | 388 | 390 | 422 | 323 | 221 | 227 | 208 | 243
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Product Overview

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.

Technical
Specifications Page 2
!I;!oog;;\grrsgir%SEenv/i\rorgglthgsic Tutorials Page 6:
Terms &
Conditions Page 7
Enviromental Policies Page 7
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Technical Specification

EAGLE files: _arduino-mega2560-reference-design.zip Schematic: arduino- 560-
Microcontroller ATmega2560
Operating Voltage 5V
Input Voltage (recommended) 7-12V
Input Voltage (limits) 6-20V
Digital I/0O Pins 54 (of which 14 provide PWM output)
Analog Input Pins 16
DC Current per I/O 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 MHz

Power
Led

|analog pins)
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Power

The Arduino Mega2560 can be powered via the USB connection or with an external power supply. The power source is
selected automatically. 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:

e 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 regulated 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 or another regulated 5V supply.

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

e GND. Ground pins.

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).

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:

e 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 to the
corresponding pins of the ATmega8U2 USB-to-TTL Serial chip .

e 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, a rising 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 SPI communication, which, although
provided by the underlying hardware, is not currently included in the Arduino language. The SPI pins are also
broken out on the ICSP header, which is physically compatible with the Duemilanove and Diecimila.

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

® C: 20 (SDA) and 21 (SCL). Support I°C (TWI) communication using the Wire library (documentation on the
Wiring website). Note that these pins are not in the same location as the I°C pins on the Duemilanove.

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:

* 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.

RS ~radiospares RADIONICS /4
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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 ATmegaBU2 on the board channels one of these over USB and provides a virtual com port to software on
the computer (Windows machines will need a .inf file, but OSX and Linux machines will recognize the board
as a COM port automatically. The Arduino 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 and USB connection to the computer (but not for serial communication
on pins 0 and 1).

A SoftwareSerial library allows for serial communication on any of the Mega's digital pins.

The ATmega2560 also supports 12C (TWI) and SPI communication. The Arduino software includes a Wire
library to simplify use of the 12C bus; see the documentation on the Wiring website for details. To use the SPI

communication, please see the ATmega2560 datasheet.

Programming

The Arduino Mega2560 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 STK500

protocol (reference, C header files).

You can also bypass the bootloader and program the microcontroller through the ICSP (In-Circuit Serial
Programming) header; see these instructions for details.

RS ~radiospares rabDioNICS Al
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Automatic (Software) Reset

Rather then requiring a physical press of the reset button before an upload, the Arduino Mega2560 is
designed in a way that allows it to be reset by software running on a connected computer. One of 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 OS 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 Mega 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 "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 Mega 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 Compatibilit

The maximum length and width of the Mega 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 distance between digital pins 7 and 8 is 160 mil (0.16"), not an even multiple
of the 100 mil spacing of the other pins.

The Mega is designed to be compatible with most shields designed for the Diecimila or Duemilanove. Digital
pins 0 to 13 (and the adjacent AREF and GND pins), analog inputs 0 to 5, the power 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 interrupts 0 and 1 (pins 2 and 3 respectively). SPI is available through the ICSP header on
both the Mega and Duemilanove / Diecimila. Please note that I°C is not located on the same pins on the
Mega (20 and 21) as the Duemilanove / Diecimila (analog inputs 4 and 5).
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How to use Arduino

Arduino can sense the environment by receiving input from a variety of sensors and can affect its
surroundings by controlling lights, motors, and other actuators. The microcontroller on the board is

programmed using the Arduino programming language (based on Wiring) and the Arduino
development environment (based on Processing). Arduino projects can be stand-alone or they can

communicate with software on running on a computer (e.g. Flash, Processing, MaxMSP).

Arduino is a cross-platoform program. You'll have to follow different instructions for your personal
OS. Check on the Arduino site for the latest instructions. http://arduino.cc/en/Guide/HomePage

Linux Install Windows Install Mac Install

Once you have downloaded/unzipped the arduino IDE, you can Plug the Arduino to your PC via USB cable.

Blink led

Now you're actually ready to "burn” your R R =k
first program on the arduino board. To
select “blink led”, the physical translation (®)(o) ]

of the well known programming “hello
world”, select

ledPin = 13;

File>Sketchbook>
Arduino-0017>Examples> iy
Digltal>BIink {ledPin, Llf‘!'il-’i):

Once you have your skecth you'll
see something very close to the

screenshot on the right. S iy

{ledPin, HIGH);
(1000)

In Tools>Board select MEGA (ledPin, LOW);

(1000} :

Now you have to go to
Tools>SerialPort

and select the right serial port, the
one arduino is attached to.

E.va

‘ o d2h o
Done compiling. ‘ T
22

P Compile button
e e g TX RX Flashing Blinking Led!
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Dimensioned Drawing

*****

RS ~radiospares RrabioNICS

)

d



91

Terms & Conditions 1904

1. Warranties

1.1 The producer warrants that its products will conform to the Specifications. This warranty lasts for one (1) years from the date of the sale. The
producer shall not be liable for any defects that are caused by neglect, misuse or mistreatment by the Customer, including improper installation or testing,
or for any products that have been altered or modified in any way by a Customer. Moreover, The producer shall not be liable for any defects that result from
Customer's design, specifications or instructions for such products. Testing and other quality control techniques are used to the extent the producer deems
necessary.

12 Ifany products fail to conform to the warranty set forth above, the producer’s sole liability shall be to replace such products. The producer’s liability
shall be limited to products that are determined by the producer not to conform to such warranty. If the producer elects to replace such products, the
producer shall have a reasonable time to replacements. Replaced products shall be warranted for a new full warranty period.

13 EXCEPT AS SET FORTH ABOVE, PRODUCTS ARE PROVIDED "AS IS” AND "WITH ALL FAULTS." THE PRODUCER DISCLAIMS ALL OTHER
WARRANTIES, EXPRESS OR IMPLIED, REGARDING PRODUCTS, INCLUDING BUT NOT LIMITED TO, ANY IMPLIED WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE

14  Customer agrees that prior to using any systems that include the producer preducts, Customer will test such systems and the functionality of the
products as used in such systems. The producer may provide technical, applications or design advice, quality characterization, reliability data or other
services. Customer acknowledges and agrees that providing these services shall not expand or otherwise alter the producer's warranties, as set forth
above, and no additional obligations or liabilities shall arise from the producer providing such services.

15  The Arduino™ products are not authorized for use in safety-critical applications where a failure of the product would reasonably be expecled to cause
severe personal injury or death. Safety-Critical Applications include, without limitation, life support devices and systems, equipment or systems for the
operation of nuclear facilities and weapons systems. Arduino™ products are neither designed nor intended for use in military or aerospace applications or
environments and for automotive applications or environment. Customer acknowledges and agrees that any such use of Arduino™ products which is sclely
at the Customer's risk, and that Customer is solely responsible for compliance with all legal and regulatory requirements in connection with such use.

1.6 Customer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements cenceming its

products and any use of Arduino™ products in Customer's applications, notwithstanding any applications-related information or support that may be
provided by the producer.

2, Indemnification

The Customer acknowledges and agrees to defend, indemnify and hold harmless the producer from and against any and all third-party losses, damages,
liabilities and expenses it incurs to the extent directly caused by: (i) an actual breach by a Customer of the representation and warranties made under this
terms and conditions or (ii) the gross negligence or willful misconduct by the Customer.

3. Consequential Damages Waiver

In no event the producer shall be liable to the Customer or any third parties for any special, collateral, indirect, punitive, incidental, consequential or

exemplary damages in connection with or arising out of the products provided hereunder, regardless of whether the producer has been advised of the
possibility of such damages. This section will survive the termination of the warranly period.

4. Changes to specifications

The producer may make changes to specifications and product descriptions at any time, without notice. The Customer must not rely on the absence or
characteristics of any features or instructions marked “reserved” or "undefined.” The producer reserves these for future definition and shall have no
responsibility whatsoever for conflicts or incompatibilities arising from future changes to them. The product information on the Web Site or Malerials is
subject to change without notice. Do not finalize a design with this information.

Enviromental Policies

The producer of Arduino™ has joined the Impatto Zero®
policy of LifeGate.it. For each Arduino board produced is
created / looked after half squared Km of Costa Rica's
forest’s.
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Ultrasonic Ranging Module HC - SR04

Product features:

Ultrasonic ranging module HC - SR04 provides 2cm - 400cm non-contact
measurement function, the ranging accuracy can reach to 3mm. The modules
includes ultrasonic transmitters, receiver and control circuit. The basic principle

of work:

(1) Using 10 trigger for at least 10us high level signal,
(2) The Module automatically sends eight 40 kHz and detect whether there is a

pulse signal back.

(3) IF the signal back, through high level , time of high output IO duration is
the time from sending ultrasonic to returning.
Test distance = (high level timexvelocity of sound (340M/S) / 2,

Wire connecting direct as following:

5V Supply
Trigger Pulse Input
Echo Pulse Output
0V Ground

Electric Parameter

Working Voltage DCsSV

Working Current 15mA

Working Frequency 40Hz

Max Range 4m

Min Range 2cm

MeasuringAngle 15 degree

Trigger Input Signal 10uS TTL pulse

Echo Output Signal Input TTL lever signal and the range in
proportion

Dimension 45*20*15mm
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Vee Trig Echo GND

Timing diagram

The Timing diagram is shown below. You only need to supply a short 10uS
pulse to the trigger input to start the ranging, and then the module will send out
an 8 cycle burst of ultrasound at 40 kHz and raise its echo. The Echo is a
distance object that is pulse width and the range in proportion .You can
calculate the range through the time interval between sending trigger signal and
receiving echo signal. Formula: uS / 58 = centimeters or uS / 148 =inch; or: the
range = high level time * velocity (340M/S) / 2; we suggest to use over 60ms
measurement cycle, in order to prevent trigger signal to the echo signal.

10us TTL Timing Diagram

Trngger Input l\
to Module
& Cycle Sonic Burst

Sonic Burst ‘ ‘ Wmﬂ
from Module
Input TTL lever
Echo Pulse Output signal with a range
to User Tunemg Crrcut in proportion
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Attention:

() The module is not suggested to connect directly to electric, if connected
electric, the GND terminal should be connected the module first, otherwise,

it will affect the normal work of the module.

® When tested objects, the range of area is not less than 0.5 square meters
and the plane requests as smooth as possible, otherwise ,it will affect the
results of measuring.

www.Elecfreaks.com
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Hardware computer Processor Intel Core i5
Memory 4 GB of RAM
software Operating Windows 7
system
Program Arduino Version 1.0.5-2
Simulation




2 TUsunsun15vineuas Arduino

#define TRIGPIN1 22

ftdefine ECHOPIN1 23

#define TRIGPIN2 24

#define ECHOPIN2 25

#define TRIGPIN3 26

#define ECHOPIN3 27

#define TRIGPING 28

#define ECHOPING 29

#define TRIGPIN5 30

#tdefine ECHOPINS 31

#define TRIGPIN6 32

#define ECHOPING 33

#define TRIGPIN7 34

#define ECHOPINT 35

Hdefine TRIGPINS 36

#define ECHOPINS 37

#define TRIGPIN9 38

#define ECHOPINS 39

#define TRIGPIN10 40

#define ECHOPIN10 41

#define TRIGPIN11 42

#define ECHOPIN11 43

#define TRIGPIN12 46

// Pin to send trigger pulse

// Pin to receive echo pulse

// for Ultra 12
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#define ECHOPIN12 48 // for Ultra 12
#define TRIGPIN13 50 // for Ultra 13
#define ECHOPIN13 52 // for Ultra 13

const int buttonPinRE = 4;
const int buttonPin3 = 2;
const int buttonPin5 = 3;
int ledpin3 = 8;

int ledpin5 = 9;

int buttonState ;

int buttonState3 ;

int buttonState5 ;

int safedistance;

int limitsavel;

int limitsave2;

int Uimitsavebs;

int limitsaves;

int limitsaveT,;

int limitsaves;

int Uimitsave?;

int limitsavel0;

int limitsavell;

int imitfront3; /@ w3u ULTRASONIC i1 3

int limitfrontd; //dW5U ULTRASONIC vt 4

int limitback12; //@ 53U ULTRASONIC %aq 12

int limitback13; //@1%5U ULTRASONIC #&q 13
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int valA = Al;
int valC = A2;
int valB = A3;
int valD = Ag;
int PWM1= 10;
int PWM2= 11;
int PWM3= 12;
int PWM4= 13;
int PWMmonitorl; // EMTURAAINEAT PWM1 %839370 map AUA1 valA uad
int PWMmonitor2; // dMIuldamanl PWM2 vds91n map AuAl valC uan
int PWMmonitor3; // dmuuanananl PWM3 uasain map nuAl valB ua?
int PWMmonitord: // dvFulanINal PWM4 183370 map fua valD Lan
void setup()

pinMode(buttonPinRE, INPUT);

pinMode(buttonPin3,INPUT);

pinMode(buttonPin5,INPUT);

pinMode(ledpin3,OUTPUT);

pinMode(ledpin5,0UTPUT);

Serial.begin(9600);

pinMode(TRIGPIN1, OUTPUT);

pinMode(ECHOPIN1, INPUT);

pinMode(TRIGPIN2, OUTPUT);

pinMode(ECHOPINZ, INPUT);
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pinMode(TRIGPIN3, OUTPUT);
pinMode(ECHOPIN3, INPUT);
pinMode(TRIGPIN4, OUTPUT);
pinMode(ECHOPING, INPUT);
pinMode(TRIGPINS, OQUTPUT);
pinMode(ECHOPINS, INPUT);
pinMode(TRIGPIN6, OUTPUT);
pinMode(ECHOPING, INPUT);
pinMode(TRIGPIN7, OUTPUT);
pinMode(ECHOPIN7, INPUT);
pinMode(TRIGPINgG, QUTPUT);
pinMode(ECHOPINS, INPUT),
pinMode(TRIGPIN9, OUTPUT);
pinMode(ECHOPINY, INPUT);
pinMode(TRIGPIN10, OUTPUT);
pinMode(ECHOPIN10, INPUT);
pinMode(TRIGPIN11, OUTPUT);
pinMode(ECHOPIN11, INPUT);
pinMode(TRIGPIN12, OUTPUT);
pinMode(ECHOPIN12, INPUT);
pinMode(TRIGPIN13, QUTPUT);
pinMode(ECHOPIN13, INPUT);
pinMode(AL, INPUT);
pinMode(A2, INPUT);

pinMode(A3, INPUT);
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pinMode(A4, INPUT);

pinMode(10, OUTPUT);

pinMode(11, OUTPUT);

pinMode(12, OUTPUT);

pinMode(13, OUTPUT),
}

void loop(){

//ANALOG

//PWM

//PWM

//PWM

//PWM
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int buttonState3 = digitalRead(buttonPin3);
if (buttonState3 == LOW)
{ digitalWrite(ledpin3,HIGH);

digitalWrite(ledpin5,LOW);

safedistance = 3; }

int buttonState5 = digitalRead(buttonPin5);
if (buttonState5 == LOW)
{digitalWrite(ledpin5,HIGH);

digitalWrite(ledpin3,LOW);

safedistance = 5; }

Serial.print("SAFE DISTANCE IS ");

Serial.println(safedistance);

int buttonState = digitalRead(buttonPinRE);

// PRESS buttonPin3

//PRESS buttonPin5

// Show safedistance value

//WWHEN PRESS buttonPinRE

// L S T e e e e T a‘qusuaqé"a m%’qigﬁﬁﬂ Vlg\j 13 ﬁ’] e e e S e

digitalWrite(TRIGPIN1, LOW);

delayMicroseconds(2);

digitalWrite(TRIGPIN1, HIGH);

/7 ULS1 Set the trigger pin to low for 2uS

// Send a 10uS high to trigger ranging
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delayMicroseconds(10);

digitalWrite(TRIGPIN1, LOW); // Send pin low again

int distancel = pulseln(ECHOPIN1, HIGH); // Read in times pulse
distancel= distancel/58; // Calculate distance from time of pulse
Serial.print{distance1);

Serial.print(" ");

if (buttonState == LOW)

limitsavel = distancel;

Serial.print("Limitsave1 is");

Serial.printin(limitsavel);

digitalWrite(TRIGPIN2, LOW); // ULS 2
delayMicroseconds(2);

digitalWrite(TRIGPIN2,HIGH);

delayMicroseconds(10);

digitalWrite(TRIGPIN2, LOW);

int distance2 =pulseln(ECHOPIN2, HIGH);
distance2 = distance2/58;

Serial.print(distance2);
Serial.print(" ")

if (buttonState == LOW)

limitsave2 = distance2;

Serial.print("Limitsave2 is");

Serial.printin(limitsave2);

digitalWrite(TRIGPIN3,LOW); // ULS 3 (@msudumasingma)

delayMicroseconds(2);



digitalWrite(TRIGPIN3,HIGH);
delayMicroseconds(10);
digitalWrite(TRIGPIN3,LOW);

int distance3 = pulseln(ECHOPIN3,HIGH);
distance3 = distance3/58;

Serial.print(distance3);

Serial.print(" >>>>>>>>>>>>>>>>>>>>> "),

if(distance3<=30 & distance3>=15)

{ Serial.printn("Slow"); }

if(distance3<15)

{ Serial.printin("STOP"); }

if (distance3>30)

{ Serial.println("OK"); }
digitalWrite(TRIGPING, LOW); // ULS 4
delayMicroseconds(2);
digitalWrite(TRIGPING,HIGH);
delayMicroseconds(10);
digitalWrite(TRIGPING, LOW);
int distanced =pulseln(ECHOPIN4, HIGH);
distance4 = distanced/58,;

Serial.print(distanced),

Serial.print(" >>>>>>>>>>>>>>>>>>>>> "),
if(distance4<=30 & distance4>=15)

{ Serial.printin("Slow"); }

if(distanced<15)
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{Serial.println("STOP"); }

if (distance4>30)

{ Serial.printin("OK"); 1}
digitalWrite(TRIGPIN5, LOW); //ULS 5
delayMicroseconds(2);
digitalWrite(TRIGPIN5,HIGH);
delayMicroseconds(10);
digitalWrite(TRIGPIN5, LOW);
int distance5 =pulseln(ECHOPIN5, HIGH);
distanceb5 = distance5/58;

Serial.print(distance5);

Serial.print(" ");
if (buttonState == LOW)
limitsaveb = distanceb;
Serial.print("Limitsave5 is");
Serial.println(limitsave5);
digitalWrite(TRIGPING, LOW); // ULS 6
delayMicroseconds(2);
digitalWrite(TRIGPING,HIGH);
delayMicroseconds(10);
digitalWrite(TRIGPIN2, LOW);
int distance6 =pulseln(ECHOPING, HIGH);
distance6 = distance6/58;

Serial.print(distance6);

Serial.print(" ");
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if (buttonState == LOW)
limitsaveé = distance6;
Serial.print("Limitsave6 is");
Serial.printin(limitsave6);
digitalWrite(TRIGPIN7, LOW); //ULS 7
delayMicroseconds(2);
digitalWrite(TRIGPIN7 HIGH);
delayMicroseconds(10);
digitalWrite(TRIGPIN7, LOW);
int distance? =pulseln(ECHOPIN7, HIGH);
distance7 = distance7/58;
Serial.print(distance7);
Serial.print(" ")
if (buttonState == LOW)
limitsave? = distance7;
Serial.print("Limitsave7 is");
Serial.printin(limitsave7);
digitalWrite(TRIGPING, LOW); // ULS 8
delayMicroseconds(2);
digitalWrite(TRIGPIN8,HIGH);
delayMicroseconds(10);
digitalWrite(TRIGPINS, LOW);
int distance8 =pulseln(ECHOPINS, HIGH);
distance8 = distance8/58;

Serial.print(distance8);
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Serial.print(" ");
if (buttonState == LOW)
limitsave8 = distance8;
Serial.print("Limitsave8 is");
Serial.printin(limitsave8);
digitalWrite(TRIGPIN9, LOW): //ULS 9
delayMicroseconds(2);
digitalWrite(TRIGPIN9,HIGH);
delayMicroseconds(10);
digitalWrite(TRIGPIN9, LOW);
int distance9 =pulseIn(ECHOPINY, HIGH);
distance9 = distance9/58;
Serial.print(distance9),
Serial.print(" ");
if (buttonState == LOW)
limitsave9 = distance9;
Serial.print("Limitsave9 is");
Serial.printin(limitsave9);
digitalWrite(TRIGPIN10, LOW); // ULS 10
delayMicroseconds(2);
digitalWrite(TRIGPIN10,HIGH);
delayMicroseconds(10);
digitalWrite(TRIGPIN10, LOW);
int distance10 =pulseln(ECHOPIN10, HIGH);

distancel0 = distancel10/58;
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Serial.print(distance10),
Serial.print(" ");
if (buttonState == LOW)
limitsavelQ = distancel0;
Serial.print("Limitsave10 is");
Serial.printin(limitsave10);
digitalWrite(TRIGPIN11, LOW); // ULS 11
delayMicroseconds(2);
digitalWrite(TRIGPIN11,HIGH);
delayMicroseconds(10);
digitalWrite(TRIGPIN11, LOW);
int distancell =pulseln(ECHOPIN11, HIGH);
distancell = distancel1/58;
Serial.print(distance11),
Serial.print(" ");
if (buttonState == LOW)
limitsavell = distancell;
Serial.print("Limitsavel1 is");
Serial.println(limitsave11);
digitalWrite(TRIGPIN12, LOW); // ULS 12
delayMicroseconds(2);
digitalWrite(TRIGPIN12,HIGH);
delayMicroseconds(10);
digitalWrite(TRIGPIN12, LOW);

int distance12 =pulseln(ECHOPIN12, HIGH);



distancel2 = distancel2/58;
Serial.print(distance12);
Serial.print(" >>>>>>>>>>>>>>>>>>>>> "),
if(distance12<=30 & distance12>=15)
{ Serialprintin("Slow"); }
if(distance12<15)
{ Serial.printin("STOP"); }
if (distance12>30)

{ Serialprintln("OK"); }

digitalWrite(TRIGPIN13, LOW); // ULS 13

delayMicroseconds(2);
digitalWrite(TRIGPIN13,HIGH);
delayMicroseconds(10);
digitalWrite(TRIGPIN13, LOW);
int distance13 =pulseln(ECHOPIN13, HIGH);
distancel3 = distance13/58;
Serial.print(distance13);
Serial.print(" >>>>>>>>>5>>>>5>5>5>>>>> "),
if(distance13<=30 & distance13>=15)
{ Serial.printin("Slow"); }
if(distance13<15)
{ Serial.printin("STOP"); '}
if (distance13>30)

{ Serial.printin("OK"); '}
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//H a [l Joystlck pa St**********************}F***************************

valA = analogRead(A1); /A
Serial.print(valA); //print AN valA noy
valA = map(valA, 0, 1023, 0, 255); // WaIABE map

if[distance3<=30 & distance3>=15 & valA > 144 || distanced<=30 & distanced>=15 &
valA > 144 ||

distance12<=30 & distance12>=15 & valA < 144 || distance13<=30 &
distance13>=15 & valA < 144 )

{valA = (valA + 144)/2; }

if(distance3 < 15 & valA > 144 || distanced < 15 & valA > 144 ||
distancel2 < 15 & valA < 144 || distancel3 < 15 & valA < 144 ||
distancel > limitsavel + safedistance & valA > 144 ||
distance2 > limitsave2 + safedistance & valA > 144 ||
distance7 > limitsave7 + safedistance & valA < 144 ||
distance8 > limitsave8 + safedistance & valA < 144 ||
distancell > limitsavell + safedistance & valA < 144 ||
distance® > limitsave9 + safedistance & valA < 144 ||
distance10 > limitsavel0 + safedistance & valA < 144 )
{ valA = 144;}

analogWrite(PWM1, valA);  // $i8371n map Wlailanial PWM1 ¥a391n map fiuvalA

PWMmonitor1 = valA; // fimualnal PWMmonotorl = valA (el ilanina...
71939 LIaudnwa azuan println(valA); 8nasadimap Ale

Taglsilgsuua PWMmonitor wdatanussintloan)
Serial.print(" : ");

Serial.println(PWMmonitor1); // wdniA1 PWMmonitorl ¥19Mtnee ... println
WUaILARILAI VUL TTVIA I
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valC = analogRead(A2); e
Serial.print(valC);
valC = map(valC, 0, 1023, 0, 255);

if(distance3<=30 & distance3>=15 & valC > 122 || distanced<=30 & distanced>=15
& valC > 122 |

distance12<=30 & distance12>=15 & valC < 122 || distance13<=30 &
distance13>=15 & valC < 122 )

{ valC = (valC + 122)/2;}

if(distance3 < 15 & valC > 122 || distanced < 15 & valC > 122 ||
distancel2 < 15 & valC < 122 || distance13 < 15 & valC < 122 ||
distancel > limitsavel + safedistance & valC > 122 ||
distance2 > limitsave2 + safedistance & valC > 122 ||
distance7 > limitsave7 + safedistance & valC < 122 ||
distance8 > limitsave8 + safedistance & valC < 122 ||
distancell > limitsavell + safedistance & valC < 122 ||
distance9 > limitsave9 + safedistance & valC < 122 ||
distance10 > limitsavel0 + safedistance & valC < 122 )

{valC = 122}

analogWrite(PWM2,valQ);

PWMmonitor2 = valC;

Serial.print(" : ");

Serial.printin(PWMmonitor2);



valB = analogRead(A3); // B
Serial.print(valB);
valB = map(valB, 0, 1023, 0, 255);
if(distance5 > limitsave5 + safedistance & valB > 124 ||
distance7 > limitsave7 + safedistance & valB > 124 || // Wudedhe
distance8 > limitsave8 + safedistance & valB < 124 || // i
distance9 > limitsave9 + safedistance & valB > 124 ||
distance9 > limitsave9 + safedistance & valB < 124 ||
distance6 > limitsave6 + safedistance & valB < 124 ||
distance10 > limitsavel0 + safedistance & valB < 124 ||
distance10 > limitsavel0 + safedistance & valB > 124 )
{valB = 124;}
analogWrite(PWM3,valB);
PWMmonitor3 = valB;
Serial.print(" : ");
Serial.printin(PWMmonitor3);
valD = analogRead(A4); //'D
Serial.print(valD);
valD = map(valD, 0, 1023, 0, 255);
if(distance5 > limitsave5 + safedistance & valD > 133 ||
distance7 > limitsave7 + safedistance & valD > 133 || // Wiuieadne
distance8 > limitsave8 + safedistance & valD < 133 || // Wsdeaen
distance9 > limitsave9 + safedistance & valD > 133 ||

distance9 > limitsave9 + safedistance & valD < 133 ||
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distance6 > limitsave6 + safedistance & valD < 133 ||
distance10 > limitsavel0 + safedistance & valD < 133 ||
distance10 > limitsave10 + safedistance & valD > 133 )

{valD = 133}

analogWrite(PWM4,valD);

PWMmonitord = valD;

Serial.print(" : ");

Serial.printin(PWMmonitord),

Serial PN (“FFsFF R R K\ DRI KRR

delay(400);

}



113

AMANUIN A

a oy v aa 4
Uﬂﬂ’nuw']s‘l’nﬂﬂﬁ‘wlﬂiuﬂ’]‘m‘wu‘w



114

A-1 UNAIUNAIYINSALFFUNSARNN

[1] Theerawat Chongcharoen, Noppadol Maneerat, Don lsarakormn, Songmoung
Nundrakwang, and Kasamsuk Sepsirisuk “Safety system in Five Wheels Electric
Wheelchair with Ultrasonic”The 2™ Intemational Conference on Green and
Human Information Technology - ICGHIT2014, 12-14 February 2014, Mévenpick
Hotel Saigon & PTIT, Ho Chi Minh City, Vietnam.
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Safety system in Five Wheels
Electric Wheelchair with Ultrasonic

Theerawat Chongcharoen', Nop;

'

dol Maneerat’, Don Isarakorn’,

Songmoung Nundrakwang' and Kasamsuk Sepsirisuk’
Faculty of Engineering,
King Mongkut’s Institute of Technology Ladkrabang,
Bangkok, Thailand 10520
- A ;

tri_ferng | @hotmail.com

Abstract— This paper presents the ultrasonic system in five
wheels Electric stand-up Wheelchair with ultrasonic sensor.
Electric wheel chair with electric motors is expected for elderly
people, patients and disable, general, most of Electric wheelchair
often determines obstruction or human to avoid the accident
from crashing. The safety system avoids accident from falling
was scarcely to founded, However, the safety performance must
be further improved because accident from falling is often severe
and dangerous for user that have narrow sight. This paper
proposes a new safety system in five wheel electric wheelchair
that controls the operation of joystick to avoid the severe accident
from falling. The proposed safety system detects the risk from
hole or stair by Arduino microcontroller based on the
information of distance from eleven ultrasonic sensors around
clectric wheelchair. Programs to determine the distance and
control the operation of joystick are designed surely to operation.
Some experiments show the effectiveness of the proposed safety
system.

Keywords-component;  witrasonic  sensor, electric  stand-up
wheelchair, safety sysiem in five wheels stand-up electric wheel
chair

I INTRODUCTION

Because the disabled or patients cannot walk or help
themselves. They must rely on wheelchair such as simple
wheelchair or electric wheelchair for ease of living. Today, the
technology for electric wheelchair is growing and developing
quickly[1]. But sometimes, patients have to live alone without
curator. Accidents may be occur. Therefore, the security
system is used to protect patients from dangerous events such
as, fall from staircase, down from difference level floor. So the
security system in the wheelchair is necessary. The security
system in electric wheelchair has been existed many systems.
Navigation system and security system from ultrasonic sensor
are the most popular because the ultrasonic system is cheap
and high efficacies in measurement and popular in other
systems[2]-[5] such as navigation systems were giving correct
directions in the hospital that was operated by ultrasonic on
the ceiling [14]. There were many systems to stop or

978-1-4799-3792-9/14/$31.00 ©2014 |EEE

slowdown speed of electric wheelchair when system was
detecting objects or people [6]-[12]. Many systems, ultrasonic
sensors were often mounted on the front of electric wheelchair
and using fuzzy algorithm to slow or stop electric wheelchair
[8]-[9]. The ultrasonic system that was used to detect hole or
stair was rare system and the detection of those systems was
quite loose especially, in the electric stand-up wheelchair.

1. PLACEMENT CONCEPT AND DESIGN

The placement of ultrasonic sensor in this work is illustrated
in Fig. 1. Security system consists of four major parts: the first
is Arduino controller. Second is eleven of ultrasonic sensors.
Third, four relays limit the functionality of joystick. Fourth is _‘
remote controller. Concept of the placement in this work is
illustrated in Fig. 1. The eleven of ultrasonic were mounted
around electric wheelchair. When one or more sensor can
measure distances greater than the value that ware specified.
Arduino microcontroller will semaphore to relay module to

= limit the function of joystick such as if ultrasonic sensor 1, 2, 4,

5 measure distances farther than reference value 5 centimeters.

Figere 1. Schematic of the concept for placement of ultrasonic sensor
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Microcontroller will semaphore to relay module to limit the
functionality of joystick. So joystick could not control electric
wheelchair to move to dangerous ways. The schedule in this
work is illustrated in Table 1.

Table 1 the schedule present posiion of the cleven ultrasonic sensors
relative to the direction of joystick that was limit

Direction that was

Number of Ultrasonic limit

1 B L

II.  ULTRASONIC SENSOR CIRCUIT

Arduino is the Microcontroller that used to control the
safety system. It can control the ultrasonic sensor SRF04 when
connect with the sensor to work. Fig. 3 illustrates picture of
connecting between Arduino and a SRF04 module

GO [

.
Trig | o}
Echa

Cisssess] [es
-

Figure 3. Microcontroller Arduino was connecting with SRF04 ultrasonic
sensor module.

In actual use, Arduino will be connected to eleven Modules
of SRF04 ultrasonic sensors, a reset button, two security level
buttons and four Relay modules to limit function of joystick
etc. Fig. 4 illustrates an integrated circuit of the system.

ijofelo
=

kA CICIE=

CICE=

=}

Figure 4. illustrates the Integrated circuit and .co"l'mllon of Arduino to
other part in the system

ARDUINO
supoe
-

WELAY2
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for
RELAYY

alalilE

Poer Sappty

When the system is started operating, all of ultrasonics in
system will measure distances immediately. But the first
reference distance value of each sensor are zero. So all of
relay modules will be turn on and joystick is limited all of
functionality. The user has to press the reset button first. When
user presses the reset button, Microcontroller will be record
distance volume from each sensor all of eleven positions. So,
new eleven distance values are recorded. These distance
values will be the reference value for eleven ultrasonic
sensors. Now, all of relay modules will be turn off. When a
sensor detects the level that exceeds higher than reference

+ value about 5 cm. Microcontroller will semaphore to relay

49

module to limit the function of joystick in direction that sensor
is installed.

Figure 5. The circuit of joystick and position of relay module to limit the
functionality in each direction.



118

International Conference on Green and Human Information Technology (ICGHIT) 2014

IV.  EXPERIMENTAL DETAILS

The research is divided to three parts. First is the testing of
the measuring distance to calculate the error in measurement
of ultrasonic sensor SRF04. Second, is the experiment
interference of ultrasonic wave from three ultrasonic sensors
that are adjacent and finding method to solve problem. Third,
is the experiment of all system in simulated car to test the
operation of relay modules and coordination of all modules
before installing the system in the real electric wheelchair.

In this research we use the ultrasonic sensor SRF04 module
to test. The ultrasonic sensor SRF04 is mounted on an acrylic
sheet that opposites with another acrylic sheet and both of
acrylic sheets are beside the scale. Then SRF04 module that
was connected with controller is measured distance and show
value of distance on the monitor. These values will be
compared with real distance to find the errors. The objective
of this experiment is checking the accuracy and precision of
SRF04 module. The experiment photo is illustrated in Fig. 6

Figure 6. The testing to check stability of SRF04 module

When experiment stability of SRF04 module was finished.
Next experiment is checking the distance value from three
SRF04 modules that close together. It will make errors such as
the measurement of each SRF04 module were error and
unstable. Because SRF04 modules are too close. So, when the
sysiem starts operating, the ultrasonic wave from a SRF04
module will be interference to other module. That is the main
cause to make errors in the measurement. The acoustic sponge
foam is the choice to solve this problem. The interference
from three ultrasonic sensors will be absorbed by it. It was
mounted on the base of three SRF04 modules that close
together. Position of mounting acoustic sponge foam is
illustrated in Fig. 7

Figure 7. The acoustic sponge foam is mounted at the base of three
ultrasonic sensors.

The proposed system is included eleven of SRF04 modules
around electric wheelchair. They are connected with Arduino
microcontroller. It is connected with four relay modules. In
actual operation, all of four relay modules are cormected with
joystick circuit to limit the function of joystick. But in
experiment, all of system installed to simulate car that was
simulated position of SRF04 module alike in electric
wheelchair and each relay module was connected with LED to
show the operation of each relay. After safety system starts
operating and press the reset button, the simulate car was
ready for testing. Each SRF04 module was tested with various
distance. When one of sensor detects the distance value that
exceeds higher than reference value about 5 centimaters.
Microcontroller will semaphore to relay module. It will make
relay in direction of sensor operated and LED of that relay will
be lighted. Simulation car with safety system in this work is
illustrated in Fig. 8.

Figure 8. the simulation car with safety system was testing.

V. RESULTS AND DISCUSSION

The error value of measurement from the experiment an
ultrasonic sensor SRF04 is illustrated in Fig. 9. The diagram
presents the error from measurement of SRF04 module
increased in higher distance. It can be seen that the accuracy
of SRF04 module are not high in short distance but higher in

" longer distance. The precision of ultrasonic sensor SRF04 is

high. This is very necessary for this safety system.
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Figure 9 diagram testing to find error in measurement of SRFO4 module

When microcontroller was connected with three SRF04
modules that close together and was operating with no
acoustic sponge foam to protect. The measurement of each
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SRF04 module would be error and unstable because of
interference of each ultrasonic wave. Fig. 10 shows graph of
between with nothing to protected interference method and
protected with acoustic sponge foam method.

= No Protect

— Protect

ditance (cmy

4 Real distance

345678 9101112131415161718
Number of time
Figure 10 Mormhndmmbuzm
nothing to protect method and p d with ic sponge foam method.

When all of ultrasonic system were installed in simulation
car. It can be seen that when one or more SRF04 module
above hole or various deeper from reference level, relay
module and LED which in direction of SRF04 module
position will be operate. Operating diagram illustrated in
Table. 2

12

Table I1. hsdmlemrdmmyorpmnmo!uﬂ:ekmsm

modules with operating of cach Relay modules
Number of Number of LED
Ultrasonic LEDI LED2 LED3 LED4
(Relayl) | (Relay2) | (Relay3) | (Relayd) |
1 ON OFF OFF OFF
2 ON OFF OFF OFF
3 OFF OFF ON OFF
L] ON OFF” OFF OFF
5 ON | _OFF | OFF | OFF
6 OFF OFF OFF ON
7 OFF ON OFF OFF
8 OFF ON OFF OFF
9 OFF OFF OFF ON
10 OFF OFF ON OFF
11 OFF ON OFF OFF
VI. CONCLUSIONS

The concept of safety system using SRF04 ultrasonic system
was presented in this paper. The prototype of safety ultrasonic
system in five wheel electric wheelchair was realized using the
SRF04 ultrasonic modules with new concept for placement of
ultrasonic sensor as a sensor detect difference level around the
electric wheelchair. The proposed system was evaluated by
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testing with simulation car in various situations. The results
reveal the potential of the presented detect concept for safety
system in five electric wheelchair with cheap ultrasonic sensor
modules. '
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